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Introduction
Holocene reconstructions of region-scale climatic and paleoenvi-
ronmental change have recently been redefined for lowland South 
America (Baker, 2015; Mayle et  al., 2000). Archeological sites 
from the Early and Middle Holocene are scattered across the low-
lands. Subsistence strategies of human groups in coastal regions 
demonstrate the importance of fishing and shellfish collection 
with changes alongside climate and sea level (Figuti et al., 2013; 
Gaspar et al., 2008; Reitz 2001). In interior regions hunting and 
gathering is frequently the predominant strategy with some prey 
changes associated with environmental fluctuations (Borrero 
et al., 1998; Kipnis, 1998; Gutiérrez and Martínez, 2008; Vialou 
et al., 2017). In Amazonia, paleoenvironmental evidence for geo-
graphically localized changes, on scale with human occupations, 
is sparse alongside the possible articulations of these changes 
with human strategies of resource exploration.

Southwestern Amazonia is a biogeographical zone bordered to 
the southeast by the pre-Cambrian Brazilian shield and to the 
southwest by the Andes (Figure 1). Its main drainage is the Upper 
Madeira River and its four major tributaries: the Madre de Dios, 
Beni, Mamoré and Guaporé (called Itenez in Bolivia) rivers. The 
fish communities are extremely diverse, coming from both clear 

and black waters of the pre-Cambrian shield and from the turbid 
and sediment-rich waters of the pre-Andean plains. Such terres-
trial and aquatic interconnectivity probably also favored transit, 
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Monte Castelo, an archeological shell mound located on the southwestern periphery of the Amazon basin, is an artificial forest island occupied from 
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flooded forests. Archeological fish remains corroborate paleoenvironmental records of increased precipitation between the Middle and Late-Holocene. 
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exchanges, and relationships between different cultural groups 
from neighboring regions such as the Central Brazilian Plateau, 
the Eastern Amazon, the upper Paraguay River, the Bolivian Lla-
nos de Mojos, and the Andes.

The archeology of Early and Middle Holocene occupations in 
this zone, and more broadly Amazonia, is not yet well understood, 
with few sites reported or explored. Increasing attention has been 
given to this period during the last decade, yet little is known about 
the productive strategies of these early inhabitants. Evidence of 
human presence in the Amazonian forest dates back to the Late 
Pleistocene to Early Holocene transition, 12,600 BP. The Cerro Azul 
rock shelter located in the Serranía La Lindosa in Colombia is the 
only site where a zooarchaeological study has been conducted and 
this suggests diverse economic activities from a broad spectrum of 
fish, reptiles, and small mammals (Morcote-Ríos et al., 2020). Other 
archeological sites from the Early Holocene include the Pedra Pin-
tada rock shelter situated near the confluence of the Amazon and 
Tapajos Rivers in Brazil (Roosevelt et al., 1996) and Peña Roja, an 
open-air site, on a terrace of the Caqueta River in Colombia (Gnecco 
and Mora, 1997). In Southwestern Amazonia, the earliest evidence 
is from the Abrigo do Sol rock shelter, in the Guapore River Basin 
on the border of the Brazilian Shield where vegetation was open and 
climate drier. The occupations are characterized by chert and quartz 
flakes associated with extinct megafauna in sandy layers 7 m deep 
and dated to between 14,000 and 6000 cal. yrs BP (Figure 1) (Miller, 
1987). Nearby, but across the Parecis range, Santa Elina rockshelter 
contexts have yielded dates going back to the Late Pleistocene, at ca. 
22,000 yrs BP (Vialou et al., 2017).

Greater variability is observed in Middle Holocene (8000–
2500 BP acc. Walker et  al., 2018) occupational contexts. Along 
the Jamari River, a tributary of the Madeira River, a lithic industry 
dating from 8000 to 6000 BP has been recovered in open-air sites 
(Miller, 1992; Mongeló, 2013). From ca. 5500 BP, Amazonian 
Dark Earths (ADEs), started forming at the Teotônio site, near 
Santo Antonio waterfalls on the Upper Madeira River (Miller, 
1992; Watling et al. 2018; Zimpel Neto, 2009). Later on, different 
ceramic complexes dating to 4000 BP, if not earlier, are found at 
Teotônio, artificial forest islands on the north bank of the Guaporé 
River (Bacabal phase) and on the Middle Ji-Paraná River (Miller, 
2009; Zimpel Neto, 2009; Zimpel and Pugliese, 2016).

In the Amazon, shell mounds are part of the Middle Holocene 
variability of the archeological record, as they start to be built 
around 8000 yrs BP near Santarém, Brazil (Taperinha site) and 
6600 yrs BP in the mangroves of the equatorial Amazonian coast-
line (Bacanga site) (Bandeira, 2011; Bandeira et al., 2016; Roos-
evelt et al., 1991, 1995; Pugliese et al., 2018). From 6000 to 4000 
yrs BP, shell mounds were also common in fluvial-estuarine areas 
of the Guiana coast and the estuary of the Amazon River, where 
more than 43 sites have been identified (Lopes, 2018; Simões, 
1981; Silveira et  al., 2011). Southwestern Amazonia is another 
area where sites have large concentrations of shell and where 
dates go back to the Early and Middle Holocene (Capriles et al., 
2019; Lombardo et al., 2013, 2020; Pugliese et al., 2017, 2018). 
Many of these sites indicate a landscape transformation as they 
are artificial forest islands in seasonally inundated savannas. 
Monte Castelo is one such site.

The archeological deposits at Monte Castelo that resulted in 
this transformation are different combinations of stratigraphically 
patterned sediment and shell strata. The shell mound stands above 
flood season high water levels and thus can support plant com-
munities that are not flood-resistant. Denevan (1966: 70) was the 
first to describe the artificial forest islands in Amazonian land-
scapes and distinguished them from the late-Holocene artificial 
mounds called lomas. According to Denevan, the “early” forest 
islands are wholly artificial and contain horizons of pottery sherds 
associated with snail shells. They are described as round or oval 
in form, about 1–2 m high, and 10–50 m in diameter and they are 
separated from each other by several miles. These artificial 
islands have been reported in four main micro-regions: (1) north 
of Santa Cruz, Bolivia, (2) west of Santa Ana, Bolivia, (3) on 
along the Mamoré River, Bolivia (Isla del Tesoro/SM1, San Fran-
cisco/SM2, La Chacra/SM3, San Pablo/SM4), and (4) the eastern 
bank of the Guaporé River, Brazil (Monte Castelo, Bom Futuro, 
and Ilha do Antelmo) (see Figure 1) (Capriles et al., 2019; Dene-
van, 1966; Lombardo et al., 2013; Miller, 2009). To date, four of 
these artificial forest islands have been excavated, Isla del Tesoro/
SM1, La Chacra/SM3, San Pablo/SM4 (Capriles et  al., 2019; 
Lombardo et al., 2013, 2020) and Monte Castelo (Miller, 2009, 
2013; Pugliese et al., 2018). A set of evidence (presence of sterols, 
anthropogenic black carbon and human-accumulated faunal 

Figure 1.  Map of southwestern Amazonia showing the location of Monte Castelo (Rondônia State, Brazil) on the frontier between the pre-
Andean plains to the west and the higher elevation of the Brazilian Shield to the east. Sites contemporaneous to Monte Castelo are included 
(Basemap from the American Defense Mapping Agency).
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remains) attests to the human occupation of Isla del Tesoro since 
10,600 cal BP (Lombardo et al., 2013). At Monte Castelo, radio-
carbon dates published by Miller (2009) demonstrate that the site 
was occupied between 8000 and 700 yrs BP, but more secure con-
texts date from 6000 yrs BP. At both sites, the stratigraphy shows 
that these mounds were occupied and re-occupied during differ-
ent periods of the Holocene. Since the excavations undertaken are 
still preliminary, we are just starting to know more about the cul-
tural groups who constructed and settled these sites.

Monte Castelo occupations continue during the late-Holocene. 
This period beginning in 2500 BP is marked by a great variability 
of archeological cultures across Southwestern Amazonia that pro-
moted changes on the landscape (Almeida, 2013; Walker, 2008) 
including geometric excavated ditches, also known as geoglyphs, 
dated to 2150 yrs BP in the interfluvial zone of the Upper Purús 
and Madeira Rivers (Saunaluoma, 2012). Constructed earthen 
platforms (lomas) start flourishing around 1750 BP near Trinidad, 
Bolivia, contemporaneous with the first evidence for agricultural 
raised fields nearby around San Borja (Dougherty and Calandra, 
1984; Erickson and Michel, 1991). Late-Holocene occupations 
are encountered across the Bolivian Llanos de Mojos, and on the 
north eastern bank of the Guaporé River, with a complex range of 
architectural forms and artefactual industries. The great variabil-
ity in ceramic industries reflects the diversity of groups occupy-
ing southwestern Amazonian for over a millennia. The multiple 
influences on ceramic styles and the trade of ceramic forms and 
stone blades between groups from the south and north banks of 
the Guaporé River attest to networks of migration and exchange 
that are far from being fully understood (Jaimes Betancourt and 
Prümers, 2013; Lima, 2012; Zuse, 2014).

The history of human occupation in the Amazon along the 
Holocene is constructed within an environment that experiences 
contemporary changes, including in temperature, precipitation, 
plant and animal communities, and other aspects of ecological 
function (Carson et al., 2014; Latrubesse et al., 2000). The driving 
forces underlying ecological fluctuations, especially regarding 
human-environment relationships, have been a source of debate 
during the last few years (Clement et al., 2015; McMichael et al., 
2017; Watling et al., 2017). Many archeological and palaeoenvi-
ronmental records such as sediment loads, phytoliths, charcoal, 
and pollen have been used as potential markers of the evolution of 
ancient environments (Burbridge et  al., 2004; Lombardo et  al., 
2012; Mayle and Iriarte, 2014, Plotzki et al., 2015). The different 
roles that natural and cultural forces had in the shaping and trans-
formation of the landscapes have yet to be assessed, especially for 
the Middle Holocene.

Amazonian faunal distribution, utilization, and possible 
changes by human exploration have been discussed in relation-
ship to how humans occupy and use the forest (Carneiro, 1970; 
Gross, 1975; Lathrap, 1968; Meggers, 1954). While the existence 
of shell mounds has suggested different resource availability, this 
is the first look into how fauna register human-environment rela-
tionships for the Holocene in the Amazon. Across the world fau-
nal assemblages have been used alongside archeobotanical and 
geomorphological data to record environmental changes (Casteel, 
1976; Reitz and Wing, 1999; Rofes et al., 2015). Presence/absence 
of taxa, fluctuations in taxa diversity, and introduction of new 
species in faunal assemblages can be potential bioindicators of 
climatic-driven events, such as the Pleistocene-Holocene transi-
tion (Bailon et al., 2015; Miotti and Salemme, 1999; Vigne, 1992; 
Tonni et al., 1999). The use of fish remains as bioindicators has 
some limitations: 1) not all species or communities can serve as 
successful bioindicators; 2) some species are very tolerant of 
environmental changes; 3) it is difficult to ensure that the observed 
communities reflect real regional fluctuations in climatic condi-
tions rather than local-scale changes in hydrology; 4) many fish 
species are migratory and cannot be assigned to a specific 

location; and 5) archeological animal assemblages are biased by 
human fishing selectivity or trade. Thus, while assemblages 
recovered in archeological sites can provide relevant information 
on the surrounding ancient environments, they cannot be taken as 
perfect representations (Flantua et al., 2016; Grayson, 1981; Holt 
and Miller, 2011; Machado-Allison, 1990).

Although micromammals and herpetofauna are the most com-
monly used taxa in paleoenvironmental studies, poikilotherms, 
organisms whose internal temperature varies according to the 
external conditions, such as fish, are considered to be good indi-
cators of environmental fluctuations (Casteel, 1976). To date, 
paleoenvironmental studies based on fish communities have been 
carried out in Europe and on the Pacific coast of South America 
(Capriles et al., 2014; Casteel et al., 1977; Reitz and Wing, 1999). 
In Amazonia, the paleoenvironmental record of fish remains has 
never been studied.

Evaluating long-term fish spectra in the neotropical South 
American lowlands can be a difficult task since the conservation 
of organic matter is rare and because the Holocene history from 
archeological sites presents chronological gaps and discontinui-
ties. Furthermore, there are very few sites with remains from 
between 7000 and 3000 yrs BP, a gap that has been called “the 
Holocene hiatus” (Araujo et al., 2005; Neves, 2012). The Monte 
Castelo archeological site, excavated in four seasons from 2014 
to 2020, offers data for this period. It is composed of an excep-
tionally preserved sequence of 21 stratigraphic strata that span 
the Holocene, with secure radiocarbon dates from 6000 to 700 yrs 
BP (Miller, 2009; Pugliese et al., 2018). Organic remains are well 
preserved throughout the sequence and fish remains constitute 
the large majority of recovered vertebrate fauna (about 80%), 
followed by reptiles. As asserted by many paleoecologists (Bur-
bridge et  al., 2004; Mayle et  al., 2000), rainforest-savanna 
boundaries of southwestern Amazon are highly responsive to 
environmental change and, therefore, are “key areas” for the 
study of the long-term evolution of landscapes. The location of 
Monte Castelo on the current southernmost border of the Amazo-
nian rainforest poses and permits the consideration of numerous 
questions: When did the fish spectrum fluctuate and in what 
ways? Were fish communities at Monte Castelo affected by the 
paleoenvironmental changes that occurred during the Holocene? 
Alongside paleoenvironmental transformations, what other vari-
ables influenced species distribution? Due to multiple, sequential 
occupations of Monte Castelo, species distribution might record 
human species selection and the evolution of fishing practices. 
We studied more than 8112 identified fish remains recovered at 
Monte Castelo, combining species identification and assemblage 
diversity analysis, in order to understand both ecological condi-
tions and human exploitation of aquatic resources including 
long-term fishing strategies and their changes through the 
Holocene.

Environmental setting
The Guaporé River, flowing east to northwest into the Mamoré 
River, divides two drainage zones, on the right margin are clear-
waters coming from the Brazilian Shield and on the left white-
waters draining the pre-Andean alluvial plains (Goulding, 1981). 
The Brazilian Shield is formed by Tertiary rocks, predominantly 
granite and basalt, that successive weathering and erosion shaped 
into hills and plateaus that descend from the south to the north, 
varying between 300 and 100 m covered in lateritic soil (Figure 
1). To the south, the pre-Andean plains, also called the Chaco-
Benian plains, are flat expanses of accumulated Quaternary allu-
vial deposits (gravel, sand, clays and silt), below 300 m. Therefore, 
fed by tributaries of both lithologies, the Guaporé river is a place 
of exchange in fish fauna where 619 species have been identified 
(Jégu et al., 2012; Maldonado and Goitia, 2012).
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Vegetation along the Middle Guaporé River Basin is highly 
variable. Seasonally flooded savannas are covered by short semi-
deciduous trees (<8 m), grasses, sedges, and forbs. These exten-
sive open areas are dotted with patches of vegetation from the 
evergreen rainforest and forest islands covered by palm trees (De 
Freitas et al., 2001; Mayle et al., 2007).

Seasonality plays a primary role in the configuration of aquatic 
environments and distribution of organisms in the Middle Gua-
poré River Basin. The flood season, from December through 
June, and the dry season, from June through November, mark the 
local hydrological cycle. When rains start in November, water 
quickly overflows the banks of the Guaporé and its tributaries, 
forming extensive wetlands (Figure 2). The rapid inundation can 
be explained by the Guaporé river’s shallow bed (Torrente-Vilara 
and Doria, 2012). The floods extend across 60,000 km2 (about 
20% of the basin) reaching Baures to the southwest and the Para-
guay-La Plata River system to the southeast forming an aquatic 
corridor (Goulding, 1981; Roche and Jauregui, 1988; Ovando-
Leyton, 2012). The receding of the flood water is slower in the 
Guaporé than in many parts of the main Amazon River flood-
plain, as it is associated with and dependent upon the water levels 
in the Mamoré River that flows from the Andes. Thus, wetland 
areas are flooded for at least 6 months of the year (Torrente-Vilara 
and Doria, 2012).

The annual flood drives a complete transformation of the land-
scape and large communities of fishes participate in lateral migra-
tions from the major river channel across extensive aquatic 
territories, where they find shelter, reproduce and feed on insects, 
fruits, and seeds falling from the forest cover (Goulding, 1981; 
Junk et al., 1989). As the water recedes fish return to the streams 
and rivers or are confined in shallow depressions of standing 
water where marsh and swamp vegetation grow (Figure 3). These 
general, regional patterns are diverse at the local and microenvi-
ronmental scale.

In the proximity of Monte Castelo four main categories of 
aquatic environments have been determined on the basis of vari-
ables that include: depth, origin, and type of water, abundance of 
aquatic vegetation, speed of water flow, and isolation and 
exchange of animal communities (Figure 4):

Swamps: Flat areas and shallow depressions characterized by 
retained stagnant and turbid waters that are isolated for half of 
the year and connected during the rainy season, when flood 
waters overtake them.

Open waters: Lakes, creeks, and streams that contain lentic or 
slow flowing waters year-round. These waterways are adjacent 
to the Guaporé River including the Branco river, which flows 
around 300 m from the site, and have depths between 2 m and 
5 m.

Flooded forests: Locally known as igapós, the flooded forests 
are corridors along the rivers that are inundated by the lateral, 
seasonal overflow of rivers or lakes (Junk et al., 1989). During 
the aquatic phase the slow-flowing waters are, generally, shal-
lower than the open waters and covered by trees adapted to 
inundation. Conditions in flooded forests are characterized by 
lower water temperatures and increased transparency.

Major river: The flood cycle of the area around Monte Castelo 
is regulated by the closest river, the Guaporé, that flows about 
8 km from the site. The Guaporé is slow-flowing and the wa-
ter depth in its main channel varies annually between 8 m and 
3.2 m (Torrente-Vilara and Doria, 2012).

Each aquatic environment supports fish communities adapted 
to specific conditions of oxygen concentration, water flow veloc-
ity, depth, and transparency (Pouilly et  al., 2004a; Pouilly and 
Camacho, 2012; Rodriguez and Lewis, 1997).

Monte Castelo stratigraphy
The Monte Castelo shellmound currently measures 120 m in length 
and 6,5 m high. From June to November the wetlands surrounding 
Monte Castelo are almost completely dry (Figure 5). During the 
flood season, however, the site is an island completely surrounded 
by water. Former archeological excavations were carried out in the 
beginning of the 1980’s by Eurico Miller, who undertook a 2 × 2 
excavation at the highest point of the shell mound and some smaller 
test pits. The site was not studied again until 2013. Recent field-
work sought to expand Miller’s previous excavations in order to 
identify intact deposits. Excavation followed a ten-centimeter arti-
ficial levels within identified cultural strata.

By 2016, a 630 cm-deep profile was exposed, composed of 21 
strata (labeled A to U from surface to depth) reaching the sterile 
surface over which the initial mound was built (Figure 6). 

Figure 2.  Monte Castelo and the extensive flooded area formed 
during the flood pulse of the Guaporé River as shown by elevation 
(Basemap from the American Defense Mapping Agency).

Figure 3.  Vegetation composition and flooding extent from radar 
images (ALOS-PALSAR) obtained in March, June, and September 
2007. Never flooded forest (gray tones), dense and sparse floodable 
forest (white – yellow and red tones), and floodable savanna (green 
– blue). Map drafted by Alex Ovando Leyton.
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Preliminary descriptions of the strata are given in Supplemental 
Table 1, available online (Preliminary description of the strata) 
(Pugliese et al., 2018). The present article bases its analysis on the 
stratigraphy (Supplemental Figure 1, available online Monte Cas-
telo stratigraphy) and chronology (Supplemental Section 1, avail-
able online Monte Castelo chronology, Supplemental Table 2, 
available online Monte Castelo radiocarbon dates). Greater detail 
of the changes in material culture and deposit matrix are presented 
in the supplementary material (Supplemental Figure 2, available 
online Monte Castelo matrix).

Materials and methods
In order to sample fish remains, sediment consisted of duplicated 
11 L sediment collections from each of the 21 specific strata (named 
from A to U). Following the different depths of the strata, larger 
number of collections were processed for thicker strata; the specific 
number of liters per stratum is given in Supplemental Table 1, 
available online Preliminary description of the strata. Samples were 
water-screened using a stack of sieves of decreasing mesh size (2, 
1, and 0.5 mm) and materials were taken to the lab for sorting. Fish 

remains were separated from material coarser than 2 mm. Bone 
remains from strata H, I, and J were covered by concretions of 
burnt, crushed shells, making their identification impossible. 
Therefore, the remains from these strata were soaked for two hours 
in a solution of formic acid diluted in water to 8%.

The osteological and taxonomic identification of the fish 
remains was undertaken with the aid of a comparative collection of 
about 120 modern fish specimens collected from the Amazon 
Basin and housed at the Muséum National d’Histoire Naturelle 
(MNHN, Paris). About 70 of the individuals in the comparative 
collection were captured in aquatic environments near Monte Cas-
telo and the environments around the Guaporé River and prepared 
in conjunction with this study. Cranial and post-cranial archeologi-
cal remains were quantified by Number of Identified Specimens 
(NISP) and Minimum Number of Individuals (MNI). MNI was 
calculated on the basis of the single, best represented anatomical 
element, often cranial elements (e.g. dentary, premaxilla).

Fish taxa were grouped according to their distribution in the 
four principal aquatic environments of the study area: (1) swamps, 
(2) open waters, (3) flooded forests, and (4) major river. These 
environmental groupings were based on ecological data provided 
by Machado-Allison (1990), Pouilly et al. (2004a), Pouilly and 
Rodriguez (2004b) and Sarmiento and Barrera (2003).

The identifications of most catfish were based on the analysis 
of pectoral fins, and indeterminate specimens were classified as 
sp. 1, sp. 2, etc.

Facing the complexity of a chronologically extensive and diverse 
fish assemblage, we elaborated a pollen-like frequency diagram 
(Figure 7). The percentage frequencies of taxa were represented 
using ACACIA software. This diagram can be a tool to evaluate the 
distribution and appearance of fish groups throughout the stratigra-
phy and provide information as to which aquatic environments were 
exploited. Richness and Diversity index calculations are in Supple-
mental Section 2, available online (Diversity index calculation).

Results
The fish spectrum
The archeological assemblage includes nearly 35,287 fish 
remains, 8112 of which were identified either to the family, genus, 
or species level (about 22% of the total assemblage). From 

Figure 4.  The main categories of aquatic environments in the area surrounding Monte Castelo.

Figure 5.  A dry season, October, view of the site of Monte 
Castelo as a forest island, center surrounded by wetlands. The 
course of the Branco River is obscured within a strip of trees at the 
top of the image (photo by Carlos Zimpel).
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stratum A to stratum U, fish constitute the large majority of the 
faunal spectrum. Other vertebrates like aquatic turtles, caimans, 
snakes, lizards, amphibians, cervids, small rodents, and armadil-
los were present in lower abundances.

The use of 2mm mesh sieving allowed for the recovery of 
small sized species such as Characids or Cichlids (with live 
weights of approximately 20 g) and permitted the identification of 
a highly diverse fish spectrum that includes 38 genera belonging 
to 7 orders and 16 families presented in Supplemental Table 3, 
available online Number of Identified Specimens (NISP) and 
Minimum Number of individuals (MNI).

Although highly fragmented, the bones are well preserved 
compared to those from most Amazonian archeological con-
texts. In stratum U, the deepest cultural level excavated, bone 
material is highly mineralized. Throughout the deposits, less 
than one percent of the bones were burnt. An external portion 
of dorsal spine of Anadoras wedelli recovered in stratum P 
(520–544 cm depth) presents charring that indicates that the 
body of the fish had been entirely roasted before consumption 
(Figure 7.33).

Frequencies in faunal assemblages can be strongly influenced 
by a certain number of biases:

1)	 Bone conservation. As a result of age, sediment weight, 
chemical infiltrations, and many other factors, the deep-
est strata tend to present less well preserved bones than 
the uppermost strata. It is to be expected, therefore, that 
small-sized species would be underrepresented in deeper 
strata. This bias, however, does not appear to affect Monte 
Castelo, where small-sized fishes have been recovered in 
strata at depths of 630 cm (Figure 7.41).

2)	 Functionality of the stratum and density of faunal remains. 
Form, composition, and materials recovered in different 
strata at Monte Castelo are records of different activities 
that took place at the site. It is to be expected that construc-
tion strata would present a lower density of faunal remains 
than occupation strata. Thus, low bone concentrations and 
seemingly correlated low taxonomic diversity in strata H, 
F, and J corroborate the hypothesis that these are construc-
tion related (Pugliese, 2018) (Figure 8).

3)	 Sample size. The larger the sample, the greater the number 
of identified species (Grayson, 1981). This sample-size 
problem is illustrated by Figure 9a. There is a positive cor-
relation between the number of taxa and the sample size 
(total NISP) at Monte Castelo (r = 0.8517), indicating 
that one cannot directly compare collections of different 
sizes. In an attempt to understand species accumulation 
and the rate at which new taxa are found, we used the rar-
efaction curve. As the curve flattens to the right, a reason-
able number of samples have been taken to represent total 
taxonomic diversity. A steep slope, in contrast, indicates 
that a portion of the species diversity remains to be dis-
covered. For strata at Monte Castelo, the great majority 
of the curves tend to flatten when the minimum number 
of individuals reaches 70 and can, therefore, be compared 
(Figure 9b). In strata P and G however, further samples are 
necessary (Grayson, 1981; Lyman, 2008).

Dominant taxa.  Samples from Monte Castelo provide an exten-
sive list of fish taxa, seven of which are consistently and frequently 
represented throughout the stratigraphy: armored catfishes 
(Callichthyidae or tamoata/buchere), small sized thorny fish 

Figure 6.  The stratigraphic profile at Monte Castelo is seen in three sections with strata A-D a meter beyond strata E-J due to the stepped 
excavation of the north face (a) and strata K-U on the west face of the restricted excavation area (b). Gastropod shells, whole or in crushed 
layers, are the dominant visual feature (photos by Middle Guaporé Project).
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(Doradidae-Auchenipteridae), swamp-eels (Synbranchus), tiger 
fish (Hoplias malabaricus or traíra/bentón), tucunaré (Cichla), 
acará (Astronotus) and lungfish (Lepidosiren paradoxa).

Armored catfishes (Callichthyidae) are small to medium sized 
catfish and the bodies of fish in this group are encased in a series 
of bone plates that were also frequently recovered. Even though 
these elements cannot be identified to genus level, the recovered 

pectoral spines and cranial bones indicate that they probably 
belonged to the species Hoplosternum littorale, locally named 
buchere or tamoatá (Figure 7.29). Well distributed throughout the 
occupation, armored catfishes tend to gain importance in the 
uppermost strata from ~4000 to 700 BP (strata D to A) (Figure 8). 
H. littorale is one of the most common species inhabiting small 
creeks, ponds, and shallow waters of the Madeira basin (Britto, 

Figure 7.  Selected fish bones recovered from Monte Castelo grouped by strata. STRATUM A: (1 and 2) Synbranchus marmoratus ecto-
pterygoid and dentary, (3 and 4) Potamotrygonidae stingray vertebra and dermal denticle, (5–7) Lepidosiren paradoxa dermal ethmoid, 
prearticular, and parasphenoid, (8) Ossancora sp. parietal-supraoccipital, (9) and (50) Pseudoplatystoma sp. complex vertebra and pectoral fin, 
(48) Anadoras sp. pectoral fin; STRATUM B: (10 and 11) Synbranchus madeirae dentary and otolith, (12) and (44) Loricariidae vertebra and 
pectoral fin, (13) Characidae sp. 3 dentary, (14) Doradidae indeterminate, (43) Heptapteridae pectoral fin; STRATUM C: (15) Cichlasoma 
sp. maxilla, (16) Potamotrygonidae stingray vertebra; STRATUM D: (17) Crenicichla sp. maxilla, (18) Astronotus sp. pharyngeal, (19) Platydoras 
sp. parietal-supraoccipital, (20 and 21) Pseudoplatystoma sp. vertebra and pre-maxilla, (22) Trachelyopterus sp. mesethmoid (23) Ossancora 
sp. mesethmoid, (24) Rhamdia sp. mesethmoid; (45) cf. Corydoras sp. pectoral fin (46) cf. Pimelodella sp. pectoral fin, (47) cf. Agamyxis sp. 
pectoral fin; STRATUM E: (25 and 26) Cichla sp. vertebra and articular; STRATUM F: (42) Anadoras sp. pectoral fin; STRATUM J: (27 and 28) 
Serrasalmidae basioccipital and teeth, (29) Callychthyidae supraoccipital (49) Doradoidea sp. 8 pectoral fin; STRATUM L: (30) Cichla sp. otolith; 
STRATUM M: (31) Ossancora sp. cleithrum (32) Rhamdia sp. supraoccipital; STRATUM P: (33) Doradoidea dorsal fin presenting burn mark, (34) 
Anostomidae vertebra; STRATUM Q: (35) Cichla sp. dentary; STRATUM S: (36) Lepidosiren paradoxa pterygoid; STRATUM T: (37) Astronotus sp. 
dentary, (38) Pseudoplatystoma sp. vertebra; STRATUM U: (39 and 40) Synbranchus sp. dentary and vertebra, (41) Doradoidea cleithrum.
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2013). Armored catfishes are commonly consumed by modern 
local communities and are targeted by subsistence and commer-
cial fisheries. 

In the Monte Castelo sequence, we observed a great number of 
pectoral fins belonging to small-sized catfish known as “thorny 
fish” or “talking catfishes,” that are grouped in the super-family 
Doradoidea (Auchenipteridae and Doradidae) (Figure 7.42, 47–
49). Since this group is extremely diverse, taxonomic identification 
to the species level was limited (Birindelli, 2014). In Monte Cas-
telo, we were able to identify two groups of doradids, the first 
includes medium-sized species (~50 cm), Oxydoras niger and 
Pterodoras granulosus, and the second is comprised of small-sized 
fish, specifically Anadoras wedelli (15 cm) and Ossancora cf. 
punctata (10 cm). The great majority of indeterminate Doradoidea 
are 10–15 cm fish probably belonging to these two latter species. 
The frequency of this group seems to be constant along the stratig-
raphy. In the deepest stratum (U) (~6000 BP), this group represents 
about 40% of the NISP. Anadoras wedelli and Ossancora cf. punc-
tata generally inhabit shallow waterways (Birindelli and Pérez, 
2011; Yunoki et  al., 2013). Even though talking catfishes are 
scarcely commercialized today, they are important protein sources 
among Amazonian communities that dwell along the rivers (Akama 
and Ribeiro, 2013; Cabalzar, 2005). Other indeterminate catfish 
(Siluriformes UID) include an extensive range of small sized cat-
fishes (Heptapteridae, Pimelodidae and other Doradoidea).

South American swamp-eels (muçum) figure as the third-most 
represented taxa. Both species that exist in the Madeira River 
Basin, Synbranchus marmoratus and S. madeirae, were recovered 
at the Monte Castelo site. Today the common length of synbran-
chids is 50 cm, but some individuals reach 150 cm. In Monte Cas-
telo, percentage frequencies of swamp-eels appear to be constant 
from the deeper to the uppermost strata, representing between 20% 
and 30% of the fish spectrum. Most of the remains were only iden-
tified to genus level since only a few cranial elements allow one to 

distinguish between the two species. However, the remains permit 
the observation that S. marmoratus is the dominant species. 
Swamp-eels are able to withstand very poorly oxygenated envi-
ronments, surviving in buried channels during the dry season (Fig-
ure 7.1, 2, 10, 11, and 39, 40). These fish are absent from modern 
commercial fisheries.

The taxon that represents from 5% to 15% of the assemblage 
is the tiger fish (Hoplias malabaricus), a medium-sized characi-
form fish (65 cm maximum length) known for its sharp teeth. 
Tiger fish inhabit shallow and lentic waters. The fifth most well-
represented fish are the cichlids, mainly Cichla sp. (tucunaré), 
Astronotus sp. (acará) and Crenicichla sp. (peixe-sabão). Cichla 
spp., also known as peacock bass, are among the largest Cichli-
dae in the Amazon Basin, reaching 75 cm in length and weighing 
up to 12 kg. The two latter genera are smaller, reaching no more 
than 30 cm in length. These three taxa share a preference for 
inhabiting open, slow-flowing water bodies (Figure 7.25–26, 30, 
and 35).

Rare taxa.  Observing the fish spectrum recovered at Monte Cas-
telo (Figure 8), there are a number of taxa that are less abundant 
in terms of the number of identified remains but are long-standing 
throughout the sequence. These taxa include stingrays (Myliobat-
iformes), lungfish (Lepidosiren paradoxa), different groups of 
pirañas (Serrasalmidae) and sucker-mouth catfishes (Loricari-
idae). Stingrays, pirañas, and the majority of suckermouth cat-
fishes inhabit slow-flowing, open waters. Suckermouth catfishes 
are also associated with tree trunks and woody litter (Sarmiento 
and Barrera, 2003).

Tigerstriped catfish (Pseudoplatystoma sp., locally named 
surubí) is another taxon that has been recovered from the deeper 
to uppermost strata. Even though we were not able to identify the 
species, it is known that this fish can weigh up to 25 kg and mea-
sure 120 cm in length. The archeological specimens have been 

Figure 9.  Evaluation of the effect of sample size on identified species. (a) A higher number of taxa were recovered with larger samples. (b) 
Rarefaction curves for each strata estimate the rate at which new species are found. The curves that become flatter to the right indicate that 
most new species have been found with the number of individuals analyzed.

Figure 10.  Changes in the Richness (dl) and Diversity (H’) indices through time at Monte Castelo.
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estimated to range in size from one to 10 kg. The principal habitat 
of this fish is the major river (Figure 7.9, 20, 21, and 38).

Long-term fluctuations at Monte Castelo
Richness (dl) and diversity (H’) indices increase slightly over 
time (Figure 10 and Supplemental Section 2, available online 
Diversity index calculation). Since richness is based predomi-
nantly on the number of taxa, the elevated value for stratum D 
may be due, in part, to the greater sample size. From observation 
of the fluctuations in taxonomic richness and diversity, we pro-
pose two intervals of time whose strata express similar character-
istics. The first interval goes from ~6000 to ~4400 BP (strata U to 
G), and the second from ~4300 to ~700 BP (strata F to A)

During the interval of ~6000 to ~4400 BP the richness index is 
fairly constant, varying between 9 and 25, and diversity (H’) varies 
from 2,4 to 3,0. Starting in ~4300 BP (stratum F), there is an increase 
in both richness and diversity and a peak is observed in stratum D 
(~4000 BP), with the greatest number of recovered taxa (48).

These results suggest that an increasing number and variety of 
taxa were exploited by the population at Monte Castelo over the 
Holocene, although the natural fish diversity is projected to have 
remained constant. In deeper strata, there is a smoothed (or equal-
ized) distribution of taxa and a low total number of taxa (low rich-
ness). On the contrary, entering the upper strata, the distribution is 
characterized by dominant with other unique taxa occurring in 
low proportions, a result reflected in the richness index and Shan-
non-Weaver diversity.

Discussion
The Monte Castelo fish spectrum and its evolution 
in light of contemporary paleoenvironmental 
fluctuations in Western Amazonia
Today, Monte Castelo is a flood-free island that is surrounded by 
water at least 6 months of the year. If the mound was used exclu-
sively as a refuge from flood waters, it would be expected that 
fish taxa be typical of flooded forests and savannas. To the con-
trary, our results show that the spectrum is dominated by a set of 
small-sized catfish (Callichthyidae), swamp-eels, tiger fishes, and 
lungfish. These are typical burrowing drought-tolerant taxa that 
inhabit swampy areas and dry environments. The absence of spe-
cies from flooded forests in strata dated from ~6000 to 4300 BP 
(strata U to F) lead us to suppose that environmental conditions 
and/or fishing practices could have been slightly different during 
the earlier occupations of Monte Castelo.

Pollen, charcoal, phytolith, and soil carbon isotope studies 
have been used in different parts of Southwestern Amazonia to 
reconstruct Holocene temperatures, atmospheric CO2 concentra-
tions, and precipitation. Pollen records recovered from Laguna 
Bella Vista and Laguna Chaplin (Noel Kempff National Park, 
Bolivia), located about 200 km south of Monte Castelo, were stud-
ied by Mayle et  al. (2000). The author demonstrated that from 
~9000 to 2000 cal. yrs BP, the landscape was dominated by open, 
seasonally flooded savannas and semi-deciduous dry forests. The 
analysis of atmospheric carbon dioxide concentrations corrobo-
rates the pollen data, showing that before 3000 BP the length of the 
dry season was longer than during the late-Holocene. Lower pre-
cipitation, associated with increased water-stress, favored the 
development of drought-adapted plant taxa (Mayle et al., 2004). 
That the Early and Middle Holocene were relatively dryer in refer-
ence to the late-Holocene has also been proposed for other regions 
of the Southwestern Amazon (Bird et al., 2011; Bush et al., 2007, 
2016; Carson et al., 2014; De Freitas et al., 2001).

The best representation of drought-tolerant fish species and of 
those typically found in swampy areas in the deeper archeological 

strata (from ~6000 to 4300 BP) could be related to a longer dry 
season at Monte Castelo. The modern swampy areas are formed 
at the beginning of the dry season following receding flood 
waters. At the peak of the dry season, many swamps and ponds 
are reduced and others dry out. The remaining areas of confined 
water are separated by expanses of open terrain that is covered by, 
predominantly dry, plant matter from grasses, sedges, rushes, and 
forbs. The standing water bodies are shallow, have low levels of 
dissolved oxygen, high concentration of colloids that diminish 
light penetration, and water temperatures reaching 38–40°C. 
Only a few groups of fish, that possess specific physiological and 
morphological characteristics, are able to withstand such condi-
tions (Machado-Allison, 1990). These taxa include the swamp-
eels, callichthyids, lungfish, tigerstriped catfish and some 
sucker-mouth catfishes (Hypostomus plecostomus and Pterygo-
plichthys spp.). The shallow waters of dry wetland landscapes can 
also be the home to some small doradids (Ossancora spp. and 
Anadoras spp.) (Yunoki et al., 2013). Hence, the spectra of taxa 
from fishing activities are markers of paleoenvironmental condi-
tions during the Middle Holocene, as well as of the practices of 
exploitation in swampy and standing waters.

Proportionally less important than taxa of swampy environ-
ments, open-water fish such as Cichla sp. (tucunaré), Astronotus 
sp. (acara) and Serrasalmidae (pirañas) are also well represented 
in the deeper strata of Monte Castelo. Open water bodies are the 
small and medium sized streams, rivers (such as the Rio Branco), 
creeks, and lakes that maintain permanent water circulation and 
where fluctuations in temperature are less pronounced than in the 
swampy areas. Although a great number of fish are dependent on 
water circulation, many can adapt to the lentic conditions brought 
about by the dry season (Machado-Allison, 1990). Due to the 
occurrence of such species by ca. 6000 BP, it appears that open 
waters were also commonly exploited aquatic environments.

The environmental changes in southwestern Amazonia date to 
the transition from the Middle to the late-Holocene with precipitation 
levels progressively increasing from about 4000 to 3000 cal. yrs BP. 
This initiates the southward expansion of the Amazonian moist ever-
green forests that reach the study area ~2000 BP (Mayle et al., 2004). 
In a similar fashion, a study of carbon isotopes in stable organic mat-
ter of soil samples collected along a N-S transect connecting the cit-
ies of Humaitá and Porto Velho, along the Madeira River, also shows 
forest advance toward the south, as a consequence of increasingly 
wetter conditions in the region about 3000 cal. yrs BP (De Freitas 
et  al., 2001). Increased precipitation from 3800 BP documented at 
Lake Titicaca implies a changed hydrological regime, under which 
flooded riverine forest environments expanded (Cross, 2000).

In the interval between 2000 and 700 BP, the paleoecological 
sequences for the Amazon show little variation in vegetation, with 
consistent humid evergreen rainforests (Carson et al., 2014; Flan-
tua et al., 2016). At Monte Castelo, the corresponding strata (A and 
B) dated from ~2800 to 700 BP, are characterized by a reduction in 
the number of taxa compared to stratum D (~4000 BP). However, 
fish groups from both swampy environments and flooded areas 
indicate the continued use of both habitats for fishing.

An increase in flooded savannas and forests around 
4000 BP?
Changes in environmental factors during the Middle Holocene are 
represented in the increased number of taxa that utilize flooded for-
ests. From strata U to M (from ~6000 to 5000 BP), the number of 
taxa was relatively stable, ranging between 10 and 17. This subse-
quently increased from 22 in stratum L to 27 in stratum F and to 48 
in stratum D (but, one caveat to this data is the possibility that diver-
sity was effected due to NISP sample size). Considering that taxa 
were added to the assemblage, which groups of fish appear and 
which ecological niches do they represent?
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By chronological order, the first group are Characiformes, 
which includes Anostomidae (aracu), Triportheus sp. (sardinha), 
Brycon sp. (matrinxã/yatoarana), Colossoma sp. (tambaqui/
pacu), and a set of small (~20 g) Characiformes (sp.1, 2, and 3) 
that we were not able to identify given the great diversity of this 
group (see Figure 7.13). The presence of medium to large size 
characins at Monte Castelo can be indicative of the exploitation of 
flooded forests, since, according to Goulding (1981), a large por-
tion of the characins of the Madeira River Basin are schooling and 
laterally migratory species. Feeding mainly on fruits and seeds, 
they spread out into the flooded forest during high water season 
(Goulding, 1981).

While the most commonly recovered cichlids in the bottom 
strata of Monte Castelo (Cichla sp., Astronotus sp. and Crenicichla 
sp.) are middle to large sized fishes, from stratum J (5180 ± 
130 cal yrs BP) we observed the inclusion of more small-sized 
Cichlids such as Cichlasoma sp., Satanoperca sp., Acaronia sp. 
and Aequidens sp. whose body lengths vary from 8 to 17 cm (Fig-
ure 7.15 and 7.17). Cichlidae is a large family of fish with more 
than 60 species distributed across the Madeira River Basin. They 
may inhabit different aquatic environments, however, the four lat-
ter taxa are commonly found among the aquatic vegetation of 
slow-flowing waters in flooded forests and grasslands or along 
river shores (Sarmiento and Barrera, 2003).

Larger fishes, with the exception of the tiger-striped catfish, 
do not appear at deeper strata of Monte Castelo. From ~4000 BP, 
in stratum D, however, in addition to the tiger-striped catfish, two 
other large fishes were recovered: redtail catfish or pirarara 
(Phractocephalus hemioliopterus) and goliath catfish or filhote 
(Brachyplatystoma sp.). Redtail catfish can reach 1.3 m in length 
and weight up to 44 kg and Brachyplatystoma is a genus that 
includes the largest catfishes of the Amazon basin, those that can 
reach 3 m and 200 kg (Sarmiento et al., 2014). Despite this poten-
tial for sizeable individuals, those encountered archeologically in 
Monte Castelo have estimated weights ranging only from 8 to 
10 kg. While these large catfishes generally inhabit the bottom of 
the river main channel, redtail catfish can also colonize flooded 
forests and grasslands during the high waters where they feed on 
fruits and seeds (Sarmiento and Barrera, 2003).

A third group, the thorny catfishes (Doradoidea), have been 
recovered throughout the stratigraphic sequence. From ~4300 BP 
(stratum F) we observe increased diversity of new fish species 
with pectoral spines belonging to Platydoras armatus, Agamyxis 
pectinifrons, Tatia spp. and seven other forms named Doradoidea 
sp. 1 to sp. 7. The majority of the archeological individuals were 
recovered in strata D and B and have lengths no larger than 10 cm. 
Some of the smaller individuals measured no more than 5 cm long 
(cf. Pseudopimelodidae/bumblebee catfishes). The current diver-
sity of doradids in the Madeira River Basin includes at least 17 
species of auchenipterids and 41 species of doradids (Akama and 
Ribeiro, 2013; Birindelli and Pérez, 2011; Shibatta, 2013). There-
fore, to better identify these groups of taxa an extensive reference 
collection and the establishment of anatomical criteria will be 
necessary. It can be postulated that the majority of these small 
catfish inhabit hollowed-out tree trunks and the aquatic vegeta-
tion submerged in the flooded areas and river banks.

These general trends in changes in the paleoenvironmental 
records can be consistent with the shift of the fish communities 
observed from stratum H in Monte Castelo, which dates to the 
Middle Holocene, from ~5000 to 4000 BP. If the rainy season got 
longer with increased precipitation, rainfall could have led to an 
increase in water volume that would favor the dispersal of fish 
into the flooded forests. Evidence of this change is present in 
Monte Castelo with the emergence of a suite of small characids 
and cichlids typical of flooded forests. The mixing of stagnant 
waters with the overflow waters allows for nutrient exchanges 
among phyto- and zooplankton, insects, larvae, crustaceans, and 

mollusks. Furthermore, at least three fish taxa recovered at Monte 
Castelo (Brycon sp., Triportheus sp., and Colossoma sp.) are 
directly dependent on the flooded forests (Goulding, 1981). The 
exploitation of this environment is also supported by the increase 
in ichthyofaunal diversity, principally by species poorly adapted 
to extreme arid conditions. The predominantly small size of 
archeological individuals corroborates the function of these areas 
as “nurseries” of small-sized and juvenile fish (Junk et al., 1989; 
Machado-Allison, 1990).

Arrival of the Bacabal ceramic phase
Contemporaneous with the expansion of fishing to more diverse 
environmental settings, 4000 BP marks the appearance of an elab-
orate ceramic industry named the Bacabal phase (Miller, 2009). 
This style of ceramics, with decorated incised zone-hatched 
motifs, was recovered in quantity in strata B, C, and D (from 
~4000 to 2000 BP) of Monte Castelo (Pugliese et  al., 2018). To 
date, these ceramics have also been recovered in sites such as Bom 
Futuro and Ilha do Antelmo, on the right margin of the Upper Gua-
poré River (Zimpel Neto and Pugliese, 2016). The known sites are 
usually located on elevated terraces within the Guaporé floodplain 
that are covered by Attalea phalerata (urucuri) palm trees. The 
origins of the Bacabal ceramics are still debated. The zone-hatched 
zigzag bands on pottery have some similarities with the Valdivia 
ceramics, from the Pacific Coast of Ecuador that are dated to ca. 
5780 BP. These similarities led Miller (2013) to propose that Baca-
bal ceramics could be an indicator of the migration of groups from 
the Pacific coast to Southwestern Amazon.

The archeological record suggests major changes in the fish 
spectrum around 4000 yrs BP that go beyond paleoenvironmen-
tal factors. Heightened diversity of the spectrum, in taxa and 
fish size, suggests the development of more types of fishing 
strategies. The inclusion of large catfish, such as the redtail cat-
fish (Phractocephalus hemioliopterus) and goliath catfish 
(Brachyplatystoma sp.) demonstrates that fishing locations 
expanded into the flooded forests and major river, suggestive of 
flood-season procurement. The utilization of an increased range 
of aquatic habitats implies the development or utilization of 
fishing techniques adapted to such local environments. Remains 
from both dry and flood season fish species could be a result of 
year-round occupation. The botanical remains indicate that the 
population was using squash, maize, and rice the cultivation of 
which can be indicative of longer periods of occupation (Hilbert 
et al., 2017).

Four thousand yrs BP also marks a change in one of the plant 
foods, the wild rice Oryza sp., for which one domestication syn-
drome, increased grain size, is documented in Monte Castelo 
from phytolith sizes (Hilbert et al., 2017). Accepting that morpho-
logical changes and plant domestication can occur under manage-
ment aside from agriculture, changes in the hydrological regime 
potentially amplified the geographic area appropriate for in situ 
plant management.

Characterizing strategies: Fishing or gathering fish?
Why are small, thorny, bone-covered, talking catfish so important at 
Monte Castelo? These catfish are commonly found in aquatic veg-
etation of shallow waters and can be captured by hand or by shaking 
out hollowed tree trunks (Machado-Allison, 1990) (Figure 3).

Environmentally, the aquatic vegetation that surrounds these 
tree trunks tends to be wild rice (Oryza spp.), cutters, taboas 
(Rhynchospora spp.), and periperiaçu (Typha spp.). These are 
potential feeding environments for apple snails (Pomacea spp.) 
(Alves et al., 2006). Due to elevated concentrations of calcium, 
phosphorus, and amino acids, apple snails can constitute impor-
tant source of protein for human populations (Vasconcelos, 1956). 
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Like the talking catfishes, these snails and the wild rice were con-
sistently exploited aquatic resources of Monte Castelo occupa-
tions (Hilbert et al., 2017). Apple snails feed on algae, bryophytes, 
and other microorganisms within the vegetation. They inhabit the 
margins of rivers, streams, and lakes and the quiet water swamp 
environments similar to those where the talking catfishes are 
found. The life cycle of these gastropods is regulated by the flood 
pulse. As the water recedes, they burrow and wait until the next 
rainy season to return to active feeding and reproduction, or die. 
Due to this cycle, they can be used as potential indicators of sea-
sonality in resource exploitation (Watanabe et  al., 2015). Even 
though the species identification of apple snails will refine our 
understanding of their ecological habitats, the apple snails and 
talking fishes may have been captured simultaneously as it is 
probable that they inhabited similar locations.

Furthermore, talking catfishes and apple snails share the pos-
sibility of being fished or captured by hand. Similar to talking 
catfishes, many other taxa recovered at Monte Castelo can be 
fished with bare hands. An additional resource in parts of this 
“common” ecological distribution are the sucker-mouth catfishes 
(Loricariidae) and Crenicichla sp. (Cichlidae) that also inhabit 
hollow tree trunks in areas adjacent to the Guaporé River.

An additional capture option is that of digging for apple snails, 
swamp-eels, and lungfish, which is possible during the dry season 
when they have burrowed into the channels of swampy areas to 
wait out the dry period and emerge during the next rainy season 
(Johansen and Lenfant, 1967; Bicudo and Johansen, 1979; Wata-
nabe et al., 2015). Until recently, little attention was given to the 
importance of eel-like fishes in archeological sites, including in 
South America. Our understanding has improved with the discov-
ery that swamp-eels were a key resource at archeological sites in 
the Llanos de Mojos, during at least, the first millennium AD 
(Béarez and Prümers, 2005; Prestes-Carneiro and Béarez, 2017; 
Prestes-Carneiro et al., 2019; Von den Driesch and Hutterer, 2012)

The presence of tucunaré, acará, and pirañas, throughout the 
Monte Castelo sequence, is indicative of the use of other fishing 
techniques (arrows, nets, harpoons, spears, etc.). Here we avoid 
the conceptual discussion about boundaries between gathering 
and fishing, yet the resources used at Monte Castelo indicate that 
“hand” fishing or “gathering of fish” had an important place 
among fishing practices. The practice of fishing by hand does not 
preclude the use of other fishing techniques that are documented 
in other remains. The recovery of a bone projectile point in stra-
tum Q (~6000 BP) indicates that elaborate tools were employed 
since the beginning of the occupation of the site.

Conclusion
Monte Castelo is one of the rare archeological sites in the Amazon 
that registers successive human occupation for 6000 years, includ-
ing from the “Holocene hiatus” ca. 4500 yr BP when evidence of 
human occupation is scarce (Araujo et al., 2005; Neves, 2012). 
Further, diverse taphonomic processes have contributed to poor 
preservation of bone remains at most other archeological sites 
across the lowlands. These factors contribute to a limited vision of 
economic diversity for the Early and Middle Holocene, where 
practices have been characterized as hunting and gathering. The 
example of aquatic resource exploration at Taperinha has been 
portrayed as an exception to a standard practice across the inte-
rior, but Monte Castelo and Cerro Azul’s recent data indicate that 
it may not be an outlier. Monte Castelo brings new data to demon-
strate greater cultural diversity in patterns of faunal use. Fish 
remains represent approximately 80% of the vertebrate fauna, 
indicating that not only was fish consumption a key element in 
human diet along with reptiles, mammals and mollusks, but that 
the population was exploiting the aquatic environment. A similar 
critique of gathering is suggested by the remains of squash, maiz, 

and rice that are cultivated species. In light of these elements, a 
strict association of Early and Middle Holocene resource acquisi-
tion with hunting and gathering should be reconsidered.

Alongside the study of Indigenous practices, local paleoenvi-
ronmental conditions were recorded in the Monte Castelo fish 
assemblage. Fish assemblages from 6000 to 4000 yrs BP present 
consistent regularity in the occurrence of drought-resistant taxa 
such as swamp-eels, armored catfishes, lungfish, and tiger fish. 
The predominance of drought-resistant taxa correlates with 
paleoenvironmental reconstructions for low levels of precipita-
tion and long dry seasons from the Early to Middle Holocene. 
These resources indicate dry-season occupation and likely fish 
harvesting in swampy areas. The dominance of these taxa ques-
tions the idea that shell mounds were the locations of flood-sea-
son occupation (Capriles et  al., 2019). At Monte Castelo, in 
addition to the drought-resistant taxa, the presence of smaller 
quantities of tucunaré, piranãs, and small thorny fishes indicate 
harvesting in open, lentic waters (streams and lakes). Today, the 
permanent water sources are the Branco River (~300 m from the 
site) and the Guaporé River (~8 km from the site).

Around 4000 BP, a suite of fish taxa from the flooded forests 
appears in the archeological record. Small characids and cichlids 
from this microenvironment are responsible for the increase in 
fish diversity to 48 taxa, rather than a change from one set of 
fauna to another. The human occupants of Monte Castelo may 
have amplified fishing to include the flooded forest landscape 
(igapós). The presence of both dry and flood season fish species 
suggests longer-term occupation that is corroborated by the 
botanical remains of squash, maize, and rice that were cultivated 
at Monte Castelo. Paleoenvironmental changes show the progres-
sive introduction of wetter conditions from 4000 cal. yrs BP that 
probably extended the flood season, and potentially the flood-
regime. The faunal assemblage with flooded forest fish species 
seems to be a local record of climate driven landscape change.

These contemporaneous paleoenvironmental, economic, and 
cultural changes that are demonstrated in the archeological 
remains from ~ 4000 yr BP (stratum D) reinforce the likelihood 
that Bacabal ceramics are a marker of the arrival of a new cultural 
group, rather than a local adoption of introduced ceramic tech-
nologies (Pugliese et al., 2018; Zimpel Neto and Pugliese, 2016). 
It is difficult to assert that these were year-round settlements, 
however Monte Castelo is a persistent place that was used for mil-
lennia, as has been suggested for other early Holocene Amazonia 
occupations (Shock and Moraes, 2019).

The drought-tolerant fish taxa that dominate Monte Castelo 
occupations in all periods, such as thorny and armored catfishes 
(Doradoidea and Callichthyidae), Heptapteridae, and Pseudopimel-
odidae, are rarely mentioned in today’s commercial fishery. The 
presence of these species implies extensive knowledge of their 
behavior and the ecological niches they occupy. These small-sized 
fish inhabit submerged hollowed tree trunks frequently associated 
with aquatic grasses. Apple snails live in the same niche, as well as 
burrowing in the mud. We suggest that “fishing by hand” could have 
been carried out in conjunction with the collection of apple snails.

The intersection of changes in human behavior and the local 
environment are preserved in Monte Castelo. Animal and plant 
communities respond to environmental disturbances or the pres-
ence of stressors (precipitation, temperatures, and hydrology) and 
constitute, therefore, important sources of information about the 
evolution of paleo-landscapes. However, no single taxon can ade-
quately indicate every type of disturbance in all environments, 
and fish remains are only one part of the puzzle. Similarly, the 
presence or absence of any specific taxon in an archeological site 
is related to human selectivity and the choice of fishing habitats, 
elements that are not predictable (Holt and Miller, 2011). The 
long-term sequences of data from neighboring shell mounds 
and forest islands will be critical to document the changes in 
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human-environment relationships in Southwestern Amazonia 
throughout the Holocene.
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