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Abstract: Multidisciplinary studies including archeology and ethnobotany that seek to understand human 
interventions on the landscape have obtained important results concerning Amazon biodiversity. This 
study aims to identify the useful plants in different phytophysiognomies related to archeological sites in 
the Serra de Carajás, in the state of Pará, as well as expand knowledge of the local flora. Information was 
collected in 76 parcels located in the influence areas of 15 archaeological sites: 45 in forest vegetation, 
30 in canga vegetation and 1 in palm swamps. The species were categorized as either medicinal, food, 
game attractants, firewood, toxic, ritualistic and material. An assessment of the plants use potential by 
family was done using regression analysis for the taxa inventoried. All the phytophysiognomies studied 
in the vicinity of archaeological sites were expressive regarding useful species. The most representative 
categories were medicinal, material, game attractant, firewood and food. The floristic features related to the 
use of plant species by family were also expressive for Fabaceae, Myrtaceae and Chrysobalanaceae. The 
phytophysiognomies identified near archaeological sites feature several plant resources in different use 
categories, highlighting the value of local ecosystems and their potential for human use.
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INTRODUCTION

Human interaction with the Amazon environment 
over time has resulted in an immense genetic heritage 
of useful plants, the greater part awaiting study 
by the scientific community. Modern indigenous 
communities, for instance, borrowing on locally 
available resources, change the vegetation and 
environment they manage (Alcorn 1981, Anderson 
and Posey 1985, Balée 1994). Such interference 

has contributed to the diversity of plants in several 
instances and, depending on its intensity, can 
cause changes in local species composition and 
in landscape features (Alcorn 1981, Anderson and 
Posey 1985).

Multidisciplinary studies in the human 
and natural sciences aimed at understanding the 
human interaction with the environment have 
obtained important findings concerning how 
Amazonian cultures have helped shape modern 
biodiversity within several phytophysiognomies 
(Heckenberger et al. 2003, Levis et al. 2012, Balée 
et al. 2014, Scheel-Ybert et al. 2016). Botanical 
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inventories near archaeological sites are a strategy 
for investigating the evidence of anthropogenic 
interventions in the landscape (Erickson and Balée 
2006, Levis et al. 2012, Balée et al. 2014) and can 
be useful for analyzing the context of different 
dwelling contexts, for instance, helping to identify 
whether a site was used for cultivation, habitation, 
ritual, or other. Plants have versatile uses by 
humans, and make up both tangible and intangible 
heritage. This has been shown by several studies 
that catalogued useful Amazon plants and verified 
their versatility for uses such as medicine, food, 
toxic, ritual, firewood and fiber provider (Le Cointe 
1947, Grenand et al. 1987, Schultes and Raffauf 
1990, Balée 1994, Berg 2010, Cavalcante 2010).

The Carajás region has many archaeological 
sites, both in lowland areas, where open sites 
prevail, and in plateaus, where there are mostly cave 
and rock shelters sites (Magalhães et al. 2016). The 
archaeological context in this region is important for 
apprehending the processes of human occupation 
and the use of natural resources in Amazonia (Kipnis 
et al. 2005, Bueno and Pereira 2015, Falci and Rodet 
2016, Magalhães et al. 2016).

This article aims at identifying the useful 
plants present in different phytophysiognomies 
related to archaeological sites in the Serra de 
Carajás region, (Pará State), as well as to expand 
current knowledge of the local flora. The questions 
addressed were: 1) what is the floristic composition 
in those phytophysiognomies? 2) In which use 
category do the inventoried species belong? 3) Is 
there any floristic pattern regarding those useful 
plants potential considering botanical family?

MATERIALS AND METHODS

STUDY AREA DESCRIPTION

The study area is in Carajás National Forest, which 
is located within the Serra de Carajás Mineral 
Province, in southeastern Pará, Brazilian Amazon. 
The region’s geomorphology comprises a group of 

plateaus that reach 800 m elevation, with dramatic 
relief that stands out from local topography 
(IBAMA 2003). The study was done around 
archaeological sites, located on plateaus N1 and 
N3 in the Northern Range (Serra Norte) (6º2’8’’S 
and 50º17’47’’W) and S11D in the southern range 
(Serra Sul) (6º24’48’’S and 50º19’6’’W), located 
in the municipalities of Parauapebas and Canaã dos 
Carajás, respectively (Figure 1).

Serra de Carajás presents a complex of diverse 
caves and rock shelters with archaeological remains 
that have been dated at more than 11,000 years BP, 
comprising the end of the Pleistocene and all of 
the Holocene. The difficult access to these areas in 
recent times has contributed to their preservation. 
The beginning of this occupation is related to 
pre-ceramist populations and, more recently, 
occupations of ceramist groups who made use of the 
tropical forest and savanna resources typical of the 
region (Magalhães 2005, Magalhães et al. 2016).

The climate is classified within the Köppen 
system as type “AW”, which comprises a strong 
dry season. The relative humidity is higher than 
80% during the whole year (IBAMA 2003). 
In the plateau areas, there are acid soils with 
low nutritional content, so that organic matter 
content and soil depth highly influences the local 
phytophysiognomy (Nunes et al. 2015).

The flora of Carajás may be generally separated 
into forest and non-forest. The forest is ombrophilous, 
containing several types including open forest with 
a higher light index, forest rich in vines and palms 
and closed canopy forests with very dense biomass 
(Secco and Mesquita 1983). In the Serra de Carajás, 
forests are distributed in high and lowlands (montane 
and submontane) (IBAMA 2003). Montane areas 
comprise all areas within this typology that are over 
500 m elevation, and submontane are lower than 500 
m elevation (Brasil 1974). 

On top of plateaus, however, the montane forest 
is different. In some parts of the plateaus, there 
are isolated forest remnants, which are higher and 



RONIZE S. SANTOS et al.	 USEFUL PLANTS IN ARCHAEOLOGICAL SITES

An Acad Bras Cienc (2019) 91(1)	 e20170909  3 | 18 

plateaus and they feature isolated forest remnants 
located in the middle of the canga vegetation, 
inside a valley where rainwater and sediments 
are deposited. Since part of this area stays wet 
throughout the year, even during drought seasons, 
the vegetation is marked by the presence of buriti 
(Mauritia flexuosa) and buritirana (Mauritiella 
armata), associated with forest and shrub 
communities (Morellato and Rosa 1991).

The non-forest vegetation is located on the top 
of the plateau areas and grows over a soil of  “canga”, 
where grasses and shrubs prevail and trees are rare 
(Morellato and Rosa 1991). This environment 
remarkably testifies to the environmental changes 
that occurred in the Amazon during the transition 
from the Pleistocene to the Holocene in the end of 
the last glaciation (Absy et al. 1991, Hermanowski 
et al. 2012).

DATA COLLECTION AND ANALYSIS 

The floristic inventories were done from June 2013 
to July 2014. Seventy-six parcels were set within 
the influence area of 15 archaeological sites and 

denser in relation to the surrounding scrub savanna 
or canga. These areas, locally called “capão forest” 
may occur around lagoons, in small valleys, along 
steep valleys and canyons, linked or not to caves, 
both in the center and along the borders of plateaus 
(Nunes 2009, Schaefer et al. 2012). In other places, 
the montane forest comprises a more continuous 
strip of forest along the plateau borders, in some 
times, an ecotone area between the canga vegetation 
and the forested slopes. Its structure resembles the 
inner plateau capão forests; however, it is connected 
to the surrounding forests (Nunes 2009, Nunes et 
al. 2015). Both this vegetation and capão forests 
have plant communities that resemble those found 
in secondary vegetation (Morellato and Rosa 1991).

The forested slopes also have ombrophilous 
features and occur along the steeper slopes in the 
montane areas (Paradella et al. 1994, Morellato and 
Rosa 1991). This vegetation probably had expansions 
and retractions during Amazonia’s periods of climatic 
change (Hermanowski et al. 2012).

Palm swamps comprise another forest 
phytophysiognomy not so commonly found on the 

Figure 1 - Location map of the sites inventoried in plateaus N1 and N3 (Serra Norte) and S11D (Serra Sul), Carajás National 
Forest (FLONA de Carajás), Pará, Brazilian Amazon. By Carlos Barbosa, 2018.
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distributed along Serra Norte and Serra Sul: 45 in 
forest areas, 30 in canga vegetation and 1 in palm 
swamp. The parcels sizes and measuring criteria 
are listed in Table I.

Botanical samples were collected and 
identified in the field by a parataxonomist. Sample 
identification was then revised at Emílio Goeldi 
Museum’s MG herbarium and submitted to analysis 
from experts for confirmation and inclusion into 
the collection. The ones that did not enter this 
collection are kept in the collection of the museum’s 
ethnobotany laboratory. The classification system 
adopted was Angiosperm Phylogeny Group III 
(APG III 2009), and the species scientific names 
were confirmed and updated according to the Lista 
de Espécies da Flora do Brasil (2015) database, 
Missouri Botanical Garden (2015) or The Plant List 
(2015), respectively, and in complimentary ways.

All information related to the use of the species 
was gathered by consulting specialized literature 
(N=44) involving traditional populations from 
Amazonia, except for some species from canga 
vegetation, which required consulting studies done 
in other biomes. The species classification within 
the use categories was based on Balée (1986, 1994); 
however, “toxic” and “material” were adopted from 
Cook (1995) (Table II).

The assessment of use potential by botanical 
families was done according to Moerman (1996), 
with support of program Past 3.0. According to 
the author, the selectivity measure corresponds to 
the residual value resulting from the regression 
analysis, in other words, the difference between the 
amount of useful species predicted by the analysis 
for each family and the real amount of useful 
species recorded. In this study, the independent 
variable was the amount of species inventoried, 
whereas the dependent variable was the amount of 
species cataloged.

RESULTS AND DISCUSSION

RICHNESS AND FLORISTIC COMPOSITION  

The inventory comprised 2,671 individuals from 
275 species, distributed within 178 genus and 75 
families. Eight specimens were identified to the 
genus level. Serra Norte presented a richness of 
217 species, with 173 comprising forest vegetation 
and 67 from canga. Serra Sul comprised 156 
species, 115 of which are from forest vegetation, 
49 from canga and 25 from palm swamps. Even 
though this study considered the archaeological 
sites as sampling criterion, the richness and floristic 
composition do not differ from earlier studies 
done in Carajás. The result of Silva et al. (1996) 
comprised 232 inventoried species in several 
plateaus in Serra Norte. Regarding canga vegetation, 
Nunes (2009) identified 57 exclusive species from 
this environment, in Serra Sul. Regarding palm 
swamps, 15 species were inventoried by Morellato 
and Rosa (1991) in Serra Norte.

Forest vegetation consists of 60 families, 
among which Annonaceae (10 sp), Sapindaceae 
(9) and Chrysobalanaceae (8) were found only in 
this phytophysiognomy and are among the most 
representative in number of species. From the 40 
families found in canga vegetation, some of them, 
such as Cactaceae, Marcgraviaceae, Velloziaceae 
and Verbenaceae, had only one species each and 
are exclusive to this kind of vegetation.

In palm swamps, 18 families were also found 
in the other phytophysiognomies, with emphasis 
on Melastomataceae and Arecaceae, the latter 
also found in forest vegetation. In Serra Norte, 
individuals of the family Arecaceae found in palm 
swamps are comprised exclusively of Mauritiella 
armata (Morellato and Rosa 1991). In the present 
study, M. armata was also registered; however, 
Mauritia flexuosa was the most frequent. Fabaceae 
(34), Melastomataceae (18), Rubiaceae (16) and 
Lauraceae (10) were the most expressive families 
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TABLE I
Sampling criteria by phytophysiognomy in Northern Range (Serra Norte) and Southern Range (Serra Sul).

Parcels Forest vegetation and Palm Swamps Canga vegetation

20m x 5m All individuals with diameter at breast height (DBH) ≥ 5 cm All individuals with diameter at ground level 
(DGH) ≥ 5 cm

5m x 2m All individuals with diameter at breast height (DBH)  below 5 
cm and above 1 cm

All individuals with diameter at ground level 
(DGH) below 5 cm and above 1 cm

1m x 1m All herbaceous individuals or sprouts with diameter at ground 
level (DGH) < 1 cm All herbaceous individuals or DGH < 1 cm

TABLE II
Use categories adopted for the classification of species inventoried in archaeological sites in Carajás.

Use category Description

Medicinal Plants used to treat human diseases. 

Food Plants used on human feeding.

Food/Game
attractant

Plants consumed by animals, working as attractants for preys (birds and land animals).

Firewood Plants used as firewood and for lighting, including species that have resins or inflammable and aromatic 
latex, used to light and perfume houses at night. 

Toxic Poisonous plants for animals, used for fishing and hunting; insecticides (repellents), according to indigenous 
perception.

Ritualistic Plants considered as magical or used in ceremonies by indigenous people. This category includes 
hallucinogen and narcotic plants. 

Material Plants used for building houses, canoes, handicrafts, musical instruments, weapons, domestic tools, etc. 
This category includes wood, straw, fibers, exudates (oil-resins, resins, latex), and oils extracted from fruits.

in number of species occurring over all of the 
vegetation features analyzed.

SPECIES DISTRIBUTION BY USE CATEGORY

Among the 275 species inventoried, 184 have 
uses recorded in the literature. They comprise 
seven use categories: medicinal, food, game 
attractant, firewood, toxic, ritual and material (see 
Supplementary Material - Table SI). The categories 
with highest richness were medicinal (122 sp), 
material (90), game attractant (78), firewood (64) 
and food (58). The number of useful species between 
Serra Norte and Serra Sul were different; however, 
they had 74 species in common. There were 
small variations in the category ranking between 
the phytophysiognomies, so that the medicinal 

category had the most remarkable variation. The 
representativeness of the category “game attractant” 
stands out, in part due to the effort of some authors to 
cover this category in their studies, which include a 
remarkable number of species, mainly in indigenous 
communities (Figure 2).

Medicinal - More expressive in terms of 
number of species (Table SI), in this category the 
uses are related to treating several diseases and 
symptoms, such as stomach diseases, diarrheas, 
rheumatic and bone pain, and dermatosis, besides 
being used in the healing of wounds. Others 
include stimulant, aphrodisiac, and contraceptive 
properties, for instance, Abuta grandifolia, one of 
the most used species by indigenous communities 
for such purposes (Balée 1994). Such that, Caraipa 
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Figure 2 - Categories use of plants in differents phytophysiognomies in Serra de Carajás. a) Forest vegetation; b) Canga vegetation; 
c) Palm Swamp.

densifolia, Cedrelinga cateniformis, Dialium 
guianense, Dipteryx odorata, Duroia hirsuta, 
Handroanthus serratifolius, Hirtella racemosa and 
Quiina pteridophylla are also reported as species 
found exclusively in forest vegetation.

Among the species found only in canga 
vegetation, there were Smilax cf. campestris, 
Cassytha filiformis, Sauvagesia cf. erecta, Lippia 
aff. origanoides’ and Cochlospermum orinocense; 
this last one is indicated for bruises and is a very 
well-known febrifuge (Le Cointe 1947, Egg 
1993). In palm swamps, Caraipa grandifolia, 
Virola surinamenses and Heisteria acuminata are 
recommended for wounds and skin infections, 

since they have healing properties (Le Cointe 1947, 
Revilla 2002, Berg 2010). Simarouba amara, used 
for malaria, fevers, dysentery, with well-known 
tonic hemostatic properties (Le Cointe 1947, 
Amorozo and Gély 1988) is the only species found 
in all three environments studied.

Some of the plants found had exclusively 
medicinal uses, such as Connarus perrottetii and 
Ouratea castaneifolia, used to treat ulcers, bleedings 
and genitourinary infections in women. They are 
also known as “barbatimão” and are found both in 
forest and in canga vegetation. Copaifera martii 
and Periandra mediterranea are used for rheumatic 
pains; Sauvagesia cf. erecta  and Chamaecrista 
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flexuosa are used as anti-inflammatories (Le Cointe 
1947, Corrêa 1984, Revilla 2002).

Traditional populations’ knowledge about 
medicinal plants is large and diverse. Posey (2002) 
reported the use of 53 species by the Kayapó just to 
treat gastrointestinal diseases. This rich knowledge 
of traditional populations about these medicinal 
resources is a heritage orally passed down through 
the generations up to the present.

Palynological analysis done on human 
coprolites in Furna do Estrago’s archaeological site, 
in Pernambuco, indicated an ancient interaction 
between humans and shrub vegetation similar to 
that found in that region today (Teixeira-Santos 
et al. 2015). The authors understood that the 
presence of pollen from Stryphnodendron, Croton, 
Manihot and Pseudobombax might be related to 
their analgesics and antiparasitic properties. The 
ancient use of these taxa, commonly found in the 
vegetation in Carajás and Pernambuco, stands out. 
Information regarding the ancient use of medicinal 
plants in Amazonia may be considered at best 
preliminary, and mostly comprise of species used 
as food (Roosevelt et al. 1996, Piperno and Pearsall 
1998, Cascon 2010, Caromano et al. 2013).

Material - The high richness of species in this 
category (Table SI) is related to their several forms 
of technological use as fibers, dyes, in building, 
and in making tools and artifacts. Among the fiber 
providers are Doliocarpus spraguei, Heteropsis 
flexuosa and Philodendron fragrantissimum, which 
were inventoried in forest vegetation (the first one 
is also found in palm swamps) and are related to the 
production of baskets and ropes (Oliveira et al. 1991, 
Balée 1994). It is important to note the ancient use 
of cords and species from genus Philodendron have 
been shown to have been in use for such purposes 
in ancient times, as shown by Peixe et al. (2007) 
by analyzing plant remains found in sambaquis 
sites, on the Brazilian coast. Trichilia micranta and 
Myrcia atramentifera are good examples of species 
used for the production of dyes, and both are found 

only in forest vegetation. This last one is also 
known as cumatê and is widely used by Amazonian 
people to dye bowls. Another important resource 
is caripé (Licania apetala and L. octandra) whose 
ashes from the tree bark are mixed with clay for 
temper in order to provide more resistant pottery 
(Schultes 1980, 1983). The palm trees Astrocaryum 
vulgare and Attalea maripa are reportedly used 
both for making tools and for house-building 
material (Balée 1994, Revilla 2002). The physical 
properties of Mezilaurus itauba timber favor its use 
in the building of houses, canoes and tool handles 
(Prance 1986).

Game attractant - This category also 
comprises some species related to human 
sustenance (Table SI). The fruits of Cordiera 
myrciifolia, Sacoglottis guianensis, as well as the 
fruits and flowers of Caryocar villosum attract 
wildlife. Psychotria hoffmannseggiana was the 
only exclusive species from this category, and it 
was found in both forest and canga vegetation. 
The knowledge of some animal’s food preferences 
regarding plants is strategic, since it supports the 
selection of the prey and optimizes efforts for its 
capture. Anderson and Posey (1985) reported some 
capture strategies by Kayapó, by favoring and 
maintaining some plant species in backyard and in 
crop and fallow areas.

Firewood - From 64 species recorded in this 
category (Table SI), only Eugenia flavescens, from 
forest vegetation and Machaerium macrophyllum, 
from palm swamp, were exclusive to it. Among 
the indigenous Piapoco, from Colombia, there is 
knowledge about the use of species as fuel and this 
is passed down through the generations. The local 
system for obtaining this resource also considers 
its abundance and distribution in each location. 
The collection is also influenced by the fuel utility 
and form of application, which can be firewood, 
production of charcoal or ashes (Landínez and 
Linares 2006).
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Archeobotanical studies bring some 
information about the strategies for obtaining fuel 
by Brazilian past populations. In sambaquis from 
the Southeastern-Southern coast, no firewood 
preference was identified; mostly deadwood 
was used for this purpose (Scheel-Ybert 2000, 
2014). Similar results were obtained for ceramist 
Tupiguarani populations from Southeastern Brazil. 
However, when it comes to mortuary rituals, it 
was demonstrated in Morro Grande site that tree 
bark was strongly selected (Beauclair et al. 2009, 
Scheel-Ybert et al. 2014).

Silveira (1994) and Magalhães (2005) 
identified old fire pits in Serra Norte archaeological 
sites, where they found seeds of Oenocarpus sp. 
and Astrocaryum sp., and resins of Hymenaea 
sp., Vochysia sp. and Copaifera sp., which are 
considered excellent fuels until today. These 
findings prove the antiquity of interaction with the 
local phytophysiognomy by human populations 
in Carajás, making use of resources from a flora 
possibly similar to the modern one.

Food - Among the 58 species with alimentary 
value (Table SI), palm trees such as Mauritia 
flexuosa, Oenocarpus distichus, Euterpe oleracea 
and Attalea maripa, and trees such as Caryocar 
villosum, Sacoglottis guianensis and Anacardium 
occidentale stand out. According to Balée (1994), 
these species were classified as of primary use for 
the Ka’apor, since they have high caloric-energy 
value and are among the most used in these people’s 
daily diet. Other seldom used species, documented 
as secondary use are Ambelania acida, Byrsonima 
densa, Alibertia edulis, species from the genus 
Inga spp. and Pouteria spp., also inventoried in 
this study. Other taxa cataloged are important for 
human feeding: Cereus hexagonus and Ananas 
ananassoides, which occur exclusively in canga 
areas, as well as the palm trees Mauritia flexuosa, 
Mauritiella armata and Euterpe oleracea, which 
are specific to palm swamps. In this category, 
Gnetum nodiflorum is one of the few gymnosperms 

recorded in this region, and which fruit consumption 
was reported by Cavalcante (1996). The use of 
Amazon species as food in the archaeological 
context has already been studied by some authors 
(Roosevelt et al. 1996, Piperno and Pearsall 1998, 
Cascon 2010, Caromano et al. 2013), and the plants 
reported in those studies were also documented in 
this study, for instance, Attalea sp., Astrocaryum 
sp. and Sacoglottis sp.

Toxic - fourteen species were represented 
in this category (Table SI) and were found only 
in forest vegetation, except Simarouba amara, 
which, as aforementioned, was found in all 
three environments. The literature consulted 
also reported that some plants are considered 
poisonous only for humans, such as Duroia hirsuta 
and Stryphnodendron pulcherrimum. Others 
like Deguelia amazonica, Paullinia pinnata and 
Serjania paucidentata, known as timbó, are used for 
fishing (Le Cointe 1947, Balée 1994). The species’ 
Abuta grandifolia and Strychnos amazonica are 
used in a hunting strategy, since they constitute 
ingredients of curare, used across the Amazon (La 
Rotta et al. 1987, Schultes and Raffauf 1990). 

Ritualistic - among the ten plants found in this 
category, nine of them were in forest vegetation 
(Table SI). Mimosa acutistipula, commonly known 
as jurema, was the only species from this category 
inventoried in canga vegetation, although, in this 
study, this species is represented by M. acutistipula 
var. ferrea. M. acutistipula is used as hallucinogen 
and as sedative. It is also reported in Ceará’s Flora 
(Braga 1960). The use of species from this genus 
for ritual is documented in several ceremonies 
of indigenous people from Northeastern Brazil, 
through drinking the tea from those plants roots 
and experiencing hallucinations (Albuquerque 
1997, Souza et al. 2008). 

 As for the forest species, several of them 
are mentioned in the literature. La Rotta et al. 
(1987) reported that indigenous groups from the 
Colombian Amazon use a dye extracted from 
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the leaves of Duroia hirsute to paint women and 
babies bodies in post childbirth, protecting them 
from diseases caused by spirits. Balée (1994) 
reported that leaves of Oenocarpus distichus are 
used in the ceremonies for naming newborns from 
the Ka’apor; Philodendron acutatum serves as an 
amulet, which is believed to ensure longer life; 
Ocotea glomerata is used as a hunting amulet; 
whereas Licania heteromorfa’s resin is used to 
paint dead people’s faces in mortuary rituals 
and Psychotria colorata is used as an amulet for 
Ka’apor’s boys during the processing of manioc. 
This latter genus is largely known in the literature 
about psychoactive plants, for the species P. viridis 
Ruiz & Pav, when associated to Banisteriopsis 
caapi (Spruce ex Griseb.) Morton composes the 
ayahuasca, a hallucinogenic beverage associated 
with shamanism in Northwestern Amazon. 
(Schultes 1977, Grenand et al. 1987). Another 
important species is Virola calophylla, whose use is 
related to the production of snuff: plant composites 
prepared for indigenous ceremonies, which can 
cause hallucinations when inhaled (Schultes and 
Holmstedt 1968). 

It is worth mentioning that although we cited 
literature involving mainly ethnographic data 
from Amazonian populations, we recognize that 
variations may exist in plant use over time. On the 
other hand, there are species that are consistently 
used even in widely separated populations in the 
Amazon, reflecting the heritage of a long process of 
knowledge transmission and use of the flora. Some 
uses may be lost over time while others continue to 
be transmitted between generations (Soldati 2014). 

PONTENTIAL USE OF THE PLANT FAMILIES

The adjusted l inear  model  used (y=-
0.071303+0.72711*x) explains approximately 90% 
of the variation (r²=0.8988) of richness of useful 
species by family. Considering the residual values, 
Fabaceae, Myrtaceae and Chrysobalanaceae are the 

families with the highest use potential for species, 
among the taxa analyzed for Carajás’ flora. On 
the other hand, families such as Bignoniaceae, 
Apocynaceae, Passifloraceae, Poaceae and 
Melastomataceae displayed negative residual 
values, which indicates a pattern of lower potential 
of use (Table III).

M o s t  s p e c i e s  o f  M y r t a c e a e  a n d 
Chrysobalanaceae have their uses documented, 
which contributes to obtaining positive residual 
values. The importance of the Myrtaceae recorded 
are related to dyes, firewood, food and especially 
medicinal uses, which comprised seven species 
(Anderson and Posey 1985, Schultes and Raffauf 
1990, Grenand and Prévost 1994). The seven 
useful plants from Chrysobalanaceae, however, 
comprised all use categories. Five species from 
the genus Licania stand out, whose application 
for pottery is well-known in Amazonia (Schultes 
1983), which was also confirmed in archaeological 
ceramics (Costa et al. 2012, Guapindaia and Lopes 
2012). Furthermore, this family is one of the 
most important regarding its utility among some 
Amazonian ethnic groups (Prance et al. 1987).

Apocynaceae, Bignoniaceae, Passifloraceae, 
Poaceae and Melastomataceae had less than 50% 
of their species with documented uses. These 
families, with the exception of Apocynaceae and 
Passifloraceae, displayed a low proportion of useful 
species in other regions (Moerman 1996), which 
was also found to be true in this study. Regarding 
Poaceae, although they comprise worldwide known 
species like maize (Zea mays L.), rice (Oryza sativa 
L.) and wheat (Triticum aestivum L.), its low use 
proportion in other flora has already been verified 
(Moerman 1996), so this might be a characteristic 
of this family in larger scales.

The remarkable contribution of Fabaceae in 
Carajás reflects the large documentation of useful 
species available, comprising all the use categories 
covered in this study making it one of the most 
expressive groups. Fabaceae are among the most 
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TABLE III
Residual data of families with higher and lower proportion useful species in Carajás.

High use families Total richness useful species richness Predicted richness Residual

Fabaceae 31 25 22.0357 2.9643
Myrtaceae 11 10 7.7822 2.2178

Chrysobalanaceae 8 7 5.6441 1.3559
Low use families Total richness useful species richness Predicted richness Residual

Bignoniaceae 8 4 5.6441 -1.6441

Apocynaceae 7 3 4.9315 -1.9315

Passifloraceae 5 1 3.5061 -2.5061

Poaceae 8 3 5.6441 -2.6441

Melastomataceae 15 6 10.6329 -4.6329

important families not only in Amazonian flora, but 
also around the world (Forzza et al. 2014, Moerman 
2013). Its importance in North America’s flora 
was widely discussed in other studies, also having 
variations according to its use as food, medicine 
and ceremonial plants (Moerman 1996, Turi and 
Murch 2013). Although Fabaceae has high richness 
in North America, the number of medicinal species 
is relatively small (Moerman 1996). In a more 
recent analysis for this region, there was a high use 
of this family to make ceremonial items (masks, 
dyes, rattles, statues and other symbolic items) 
(Turi and Murch 2013).

The absence of any recorded uses for many 
species in Carajás caused some families to display 
no relevance, as with the following: Asteraceae, 
Combretaceae, Convolvulaceae, Cyperaceae, 
Dioscoreaceae, Eriocaulaceae, Marantaceae, 
Orchidaceae, Picramniaceae and Velloziaceae. 
This result may be related to many factors, such as 
the fact that most of the species in these families 
are found only in this kind of environment, mainly 
in canga vegetation, which are poorly covered in 
studies of this kind.

RELATION PHYTOPHYSIOGNOMY / 
ARCHAEOLOGICAL SITES 

Palm swamps - In Serra Sul this phytophysiognomy 
stands out by differing from hematic canga by 

having useful species such as Mauritia flexuosa 
and Euterpe oleracea (Figure 3a). Palynological 
studies in this area indicated the presence of  M. 
flexuosa during the Holocene (Hermanowski et al. 
2012) and the use of both species as human food 
in this period is confirmed by vestiges of phytoliths 
found on archaeological ceramics in Amazonas state 
(Cascon 2010, Caromano et al. 2013). Roosevelt 
et al. (1996), by investigating archaeological sites 
in Monte Alegre - PA, stated that several palm 
trees species had already been in use since 11,200 
years BP. The species mentioned are among the 
plant groups with a hyper-dominant distribution in 
Amazonian flora and which, among other reasons, 
may be related to human interference (ter Steege et 
al. 2013). Furthermore, the presence of these plants 
is usually related to archaeological sites with dark 
earth soils, so they are among the main indicators 
of anthropogenic forests (Junqueira et al. 2011, Lins 
et al. 2015). Other evidence of how important palm 
trees have always been to human subsistence is the 
frequency of charred seeds among archaeological 
remains (Silveira 1994, Roosevelt et al. 1996, Cascon 
2010, Caromano et al. 2013, Silva et al. 2013).

In Carajás, this phytophysiognomy is 
associated with the main archaeological sites 
analyzed: Capela and Almofariz. According to 
Magalhães et al. (2016), Capela was considered as 
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Figure 3 - Useful species recorded in archaeological sites in Serra de Carajás. a) palm swamp; b and c) natural regeneration of 
Manihot sp.; d) Oenocarpus distichus in capão forests; e) small agglomerations of Anacardium occidentale; f) Manihot sp.

a seasonal dwelling, where artifacts were made and 
food was processed. Its archaeological material was 
dated from 11,600 years cal BP, one of the oldest for 
Amazonia. According to these authors, the second 
site was probably meant for the production of lithic 
artifacts related to hunting.

Forest Vegetation - In Serra Sul, a capão 
forest with important archaeological fragments, 
plant remains and associated with two rock shelter 
sites was reported. The canga vegetation around 
this capão stood out due to the predominance of 
wild specimens of Manihot sp. (Figure 3b, c), 
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besides having a rich floristic composition of edible 
plants such as Attalea maripa, Caryocar villosum, 
Oenocarpus distichus and Endopleura uchi 
(Huber) Cuatrec, among others, explicitly related 
to anthropogenic factors. Capão forests around 
the cave called “Gruta do Grilo” have a similar 
importance, where O. distichus prevails (Figure 
3d) and in others, where there are associations of O. 
distichus, lianas and A. maripa. The concentration 
of useful plants found in this capão was higher 
than in other capão forests studied. The presence of 
seeds from those species was reported by Silveira 
(1994) and Magalhães (2005) in their excavations 
in Serra Norte, where there are sites dated from 
9,000 years BP (Magalhães 2005).

Canga vegetation - Anacardium occidentale, 
Ananas ananassoides and Byrsonima cf. spicata 
are typical species from this phytophysiognomy. 
Although some authors (Pires and Prance 1985) 
consider A. occidentale as typical of savanna, 
this study shows that it has a rare and dispersed 
distribution in Carajás, confirming inventories 
done by Rayol (2006). Small clusters of cashew 
trees were found (Figure 3e) near a cave called 
“Caverna Gigante” in Serra Sul and near “Gruta 
do Grilo” in Serra Norte, both associated with 
individuals of Manihot, which may indicate a past 
use of this species. It is noteworthy that Roosevelt 
et al. (1996) have found Anacardium sp. in their 
excavations in Monte Alegre. It is also important 
to note the remarkable concentration of Lippia 
aff. origanoides  around the cave, and it is very 
frequent along the canga. This species may have 
been an important resource in the past, since it has 
medicinal properties. Similarly, other taxa such 
as Norantea sp. and Byrsonima sp., which are 
abundant in this environment, had their presences 
verified in archaeological vestiges from other sites 
in Amazonia (Roosevelt 2000, 2013).

Furthermore, individuals of Manihot sp. 
were found near Caverna Gigante and seem to 
be M. esculenta (Figure 3f), whose structural 

changes might be a consequence of environmental 
conditions in canga. However, the confirmation of 
this hypothesis depends on molecular analysis by 
specialists on the material collected. If confirmed, 
such findings, along with the ones from Silveira 
(1994) and Magalhães (2005), who found seeds 
of Manihot sp. in their excavations, would be an 
important contribution for the investigation on 
the management of this and other species by past 
nomadic populations in this region.

The archaeological remains analyzed from the 
sites in this study are related to different occupation 
periods (see Table IV) and two distinct historical 
processes: One referring to generalist nomadic 
populations (Tropical Culture) and another to 
sedentary farming populations (Antropical Culture) 
(Magalhães 2013, 2016), which features polished 
and chipped instruments of material such as quartz, 
pebble and hematite, as well as a simple pottery 
style adorned with Tupi-Guarani decorations, 
respectively (Magalhães et al. 2016). It should 
be noted that some of the ceramic artifacts found 
indicated ritualistic use (Figure 4a) and others 
indicated food handling (Figure 4b).

Most of the sites had areas with high 
concentrations of charcoal (Figure 4c), as well as 
fruit fragments and charred seeds such as Caryocar 
sp. (Figure 4d) and mostly palm trees (Figure 4e, 
f), besides other non-identified seeds (field check). 
The plant remains (macro and micro remains) are 
one of the most important clues to understanding 
the use of flora in the past, since they are closely 
related to the archaeological context and this allows 
making more accurate comparisons between the 
resources used in the past and the ones found today 
(Peixe et al. 2007, Cascon 2010).

CONCLUSIONS

The high expressivity of useful plants found in all 
the phytophysiognomies analyzed was a strategic 
condition for permanent or temporary establishment 
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Figure 4 - Archaeological and botanical fragments recorded in sites in Serra de Carajás. a and b) ceramic artifacts; c) fire structure; 
d) seeds Caryocar sp.; e and f) seeds of Arecaceae. Source: Projeto arqueológico Carajás - PACA.
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of past populations in Serra de Carajás. Many of these 
species reported are testimonies of flora recorded 
since the Holocene (Absy et al. 1991, Silveira 
1994, Magalhães 2005, Hermanowski et al. 2012). 
Nevertheless, it is suggested that after some period 
of occupation, humans appropriated local resources 
and modified them according to their subsistence 
needs (Alcorn 1981, Anderson and Posey 1985). 
Thus, there is strong evidence that past populations 
developed activities that shaped the environment 
according to their needs (Heckenberger et al. 2003, 
Levis et al. 2012, Balée et al. 2014, Scheel-Ybert 
et al. 2016). The present study demonstrates that, 
on the plateaus, these changes in vegetation can be 
noticed through the concentration of useful plants 
around archaeological sites.
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TABLE IV
Dating site from Serras Norte and Sul de Carajás, calibrated in from program OxCal 4.2 (Bronk Ramsey 2009), adopting 

a probability level of 95% (2 sigmas).

Reference Site Mountain
Laboratory

/code
Dated 

material
Level

(depth)
Dating 
method

Dating
(yars BP)

Calibrated 
date

(cal BP)

Magalhães 
et al. (2016)

PA-AT-337: 
S11D 47/48 

(Gruta)
South Beta 

410465 Charcoal 17 (80-85 cm) AMS 10010±40 11750 - 11236

Magalhães 
(2005)

Gruta do 
Pequiá North Beta 

110699 Charcoal 50 - 9000±50 10247 - 9776

Silveira 
(1994)

Gruta do 
Gavião North GX 12511 Charcoal (30-40 cm) - 7925±45 8996 - 8540

Magalhães 
et al. (2016)

PA-AT-337: 
S11D 47/48 

(Gruta)
South Beta 

410470 Charcoal 10 (45-50 cm) AMS 4610±30 5461 - 5040

Magalhães 
et al. (2016)

PA-AT-337: 
S11D 47/48 

(Gruta)
South Beta 

380860 Charcoal 3 (5-10 cm) AMS 2600±30 2775 - 2457

Magalhães 
et al. (2016)

PA-AT-337: 
S11D 47/48 

(Gruta)
South Beta 

380854 Charcoal 5 (20-25 cm) AMS 1250±30 1270 - 981

Magalhães 
et al. (2016)

PA-AT-337: 
S11D 47/48 

(Abrigo)
South Beta 

380865 Charcoal 2 (10-20 cm) AMS 220±30 313 - Post BP 0
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