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Introduction

In Amazonia, local communities base their diet on fresh 
foods, from fishing, hunting, and harvesting wild or culti-
vated fruits and vegetables (Alencar, 2010; Dufour et al., 
2016; Posey, 1985). In addition, local communities use 
traditional food processing, storage, and preservation tech-
niques, such as the production of manioc flour (Manihot 
esculenta Crantz) (Denevan, 1996; Lentz, 2000), the leading 
plant food of current Amazonian populations and an impor-
tant food source for past populations (Dufour, 1995; Dufour 
et al., 2016). In climate change scenarios, where extreme 
floods have become more frequent and intense (Cai et al., 
2014; Marengo et al., 2013), local communities’ livelihoods 
and diets have suffered changes (Ávila et al., 2021; Dubreuil 
et al., 2017; Funatsu et al., 2019; Langill & Abizaid, 2020; 
Tregidgo et al., 2020). In this study, we seek to identify the 
strategies used for manioc storage in the context of extreme 
floods in Amazonian várzea and paleovárzea ecosystems.
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Abstract
In Amazonian floodplains, manioc flour is the main plant food product and source of income for local populations. In 
the context of climate change, extreme flooding is more frequent and intense, making it difficult to cultivate and process 
manioc. As local knowledge is dynamic and fundamental to adapt in critical times, we studied local techniques for stor-
ing manioc roots, which allow them to be processed later. We conducted semi-structured interviews in three floodplains 
(várzea) communities (36 families) and three paleo-floodplain (paleovárzea; 1–3 m higher) communities (52 families) 
in the middle Solimões River basin (Brazil). Residents mention four techniques for storing fresh manioc; two were cited 
in archaeological or ethnographic studies (burial and basketing), and two were not cited before in the region (bagging 
and kanaká). In the paleovárzea, where manioc production is more important as a source of income, residents have more 
knowledge of manioc storage techniques. However, this knowledge also persists in areas where manioc has less impor-
tance for income generation. Residents of the study area express demand for disseminating these practices, as they can 
contribute to adaptation in critical periods.
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Dry manioc flour is a primary source of carbohydrates 
(Dufour et al., 2016) in the Amazonian várzeas and paleo-
várzeas of the middle Solimões River basin. Dry flour is 
also local populations’ main form of manioc storage (Lima 
et al., 2012). The region has already documented diverse 
methods for processing and consuming manioc (Venturato 
& Pereira, 2010). After harvest, the manioc flour produced 
is often the basis of family food security throughout the 
year; additionally, surpluses are sold locally (Adams et al., 
2009; Fraser et al., 2012). The durability of manioc flour is 
also advantageous because in much of Amazonia refrigerat-
ing food is not viable (Tregidgo et al., 2020). Limitations 
include the high electricity costs, coming mainly from gen-
erators powered by fossil fuels and, rarely, with solar energy 
(Penteado et al., 2019; Valer et al., 2014), and refrigerators 
and freezers.

In Amazonia, the várzeas are flooded annually by white 
water rivers. At the same time, the paleovárzeas are only 
inundated in extreme flood years (Irion et al., 2010) because 
they are 1–3 m above the várzeas. Hence, the impacts of 
large floods between the várzea and paleovárzea agro-
ecosystems are different and more intense in the latter 
environment (Ávila et al., 2021). Because manioc plants 
cannot withstand flooding for many days (Langill & Abi-
zaid, 2020), local producers quickly seek to process the 
roots in local flour mills. However, these processing areas 
can also be flooded. Even if manioc flour mills are mounted 
on floating rafts, the community demand may be too high 
for everyone to process (Ávila et al., 2021).

Archaeological and ethnographic studies carried out in 
terra firme (non-flooded) regions highlight the importance 
of pre-Columbian food storage techniques (Furquim, 2018; 
Mendes dos Santos, 2016; Mendes dos Santos et al., 2021), 
especially for manioc (Fausto & Neves, 2018). One of the 
products, popularly called Indian bread (pão de índio or pães 
de indio), is currently found by chance or in excavations 
of archaeological sites (Mendes dos Santos et al., 2021). 
Many techniques have historically been used to produce 
pães de índio. Pães de índio are ways of preserving edi-
ble plant biomass for a period, especially starch-rich fruits 
and/or roots. When made with manioc roots, they first pro-
cessed the manioc to remove anti-nutritional factors (such 
as prussic acid) and transformed the manioc into a dough, 
either cooked or raw; fruit mesocarps or seeds were ground 
into a dough. The dough is shaped, toasted/smoked or not, 
wrapped in waxy leaves, and buried. Depending upon treat-
ment, pão de índio can last for months or years (Mendes dos 
Santos et al., 2021).

In addition, ceramics are historically used in Amazonia to 
prepare and store food (Costa et al., 2011). Because ceram-
ics resist degradation in tropical climates, they are more eas-
ily found in archaeological sites (Neves, 2011). On the other 

hand, leaves, sticks, and vines rot quickly, making them dif-
ficult to record in archaeological sites. However, they were 
undoubtedly widely used, especially in emergencies, such 
as during extreme floods. Early reports of pão de indio con-
sidered it a colony of fungi (Araújo & Souza, 1978; Aguiar 
and Sousa, 1981) or fungus production for food purposes 
(Santos et al., 2014). However, more recent compositional 
analyses identified plant materials, mainly edible roots and 
fruits rich in starch, and their functionality as a form of food 
storage was confirmed (Mendes dos Santos et al., 2021). 
Similar to observations in Amazonia, other tropical coun-
tries where the manioc is an essential component of local 
diets use different short, medium, or long-term storage tech-
niques (Knoth, 1993).

There are reports of manioc conservation through buri-
als (Affran, 1968; Anon, 1944; Balagopalan, 2000; Knoth, 
1993; Irvine, 1969), covering with various leaves or saw-
dust (Fadeyibi, 2011; Knoth, 1993; Osei-Opare, 1990; Rick-
ard & Coursey, 1981), and also in plastic bags (Gallat et al., 
1998; Knoth, 1993; Rickard & Coursey, 1981; Westby et al., 
1999). Manioc storage techniques are believed to be a deriv-
ative of the common practice of leaving the roots stored in 
the field (unharvested) for several months after reaching 
maturity (Ingram & Humphries, 1972; Rickard & Coursey, 
1981). Archeological studies in Amazonia demonstrate that 
food storage techniques were part of the region’s ancient 
local ecological knowledge (LEK) (Furquim, 2018; Neves 
et al., 2014; Schmidt et al., 2014).

The knowledge about food storage, such as pães de 
índio, is valuable today, keeps changing, and can contribute 
to the future of local communities (Avila et al., 2021). Fur-
thermore, it is essential to highlight that changing scenarios, 
with different social, economic, political, and environmen-
tal/ecological pressures, can result in a loss (Reyes-García 
et al., 2013; Aswani et al., 2018) or changes in LEK (Reyes-
García et al. 2014). These pressures influence the dynamics 
of LEK, a significant area of study in ethnoecology (Gaoue 
et al., 2017). To manage flood risk, modern adaptation tech-
niques can replace LEK with older techniques (Haughton et 
al., 2015). In the case of manioc storage, some techniques 
seem to be in disuse, such as pão de índio (Mendes dos 
Santos, 2021), while modern techniques with the same pur-
pose can take their place. However, different techniques can 
enhance the resilience of local communities in the context 
of social, economic, and environmental change (Walker et 
al., 2004).

Recognizing the great importance of manioc as a source 
of food and income for várzea and paleovárzea communi-
ties, realizing how extreme flooding can make processing 
complex, and acknowledging the importance of the dynam-
ics of local knowledge in critical moments, we investigated 
the techniques known and/or used by local communities 
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in the várzea and paleovárzea for storage of manioc roots 
that allow for further processing and consumption when the 
water recedes, and whether várzea communities know more 
techniques for storing manioc than paleovárzea communi-
ties. We hypothesize that: (1) local communities from both 
ecosystems know and/or use traditional (exclusively made 
using natural components from local ecosystems, such as 
fibers, sticks, and leaves, and mentioned in archeological 
studies about practices and knowledge of Pre-Columbian 
populations of Amazonia) and modern techniques, that use 
synthetic components (such as plastic bags) to store the 
manioc mass, and (2) because várzea is more frequently and 
intensely influenced by flooding, residents in these ecos-
systems know and use more techniques for storing manioc 
roots than residents living in the paleovárzea .

Methodology

Study Area

This study was conducted in the middle Solimões River 
basin (Amazonas, Brazil, Fig. 1) between August 2017 and 
May 2019. Local communities are considered ribeirinhos, 
local populations that historically inhabit the banks of rivers 
and experience the seasonal variation of waters in their daily 
lives (CNPCT, 2016).

The várzeas originated in the Holocene and are peri-
odically flooded in regular annual cycles, in which soils 
are covered for up to six months with river waters rich in 

sediments with a high content of nutrients from the Andes 
(Ayres, 2006; Junk et al., 1989). Paleovárzeas, on the other 
hand, originated in the Late Pleistocene and are positioned 
in the landscape a few meters above the várzeas. However, 
this difference is more significant in regions closer to the 
mouth of the Amazon River (Irion et al., 2010). Thus, dur-
ing the annual flood cycle, the várzea areas where ribeir-
inhos live and cultivate are usually covered by water for at 
least 1 to 2 months (Steward et al., 2020). On the other hand, 
the agricultural and living areas of paleovárzea communi-
ties are rarely flooded. During extreme flooding, most of the 
high várzea cultivation areas are covered by water, while 
in the paleovárzea only some cultivation areas are affected.

The várzea communities in this study are within the 
Mamirauá Sustainable Development Reserve (RDSM), and 
the paleovárzea communities are within the Amanã Sustain-
able Development Reserve (RDSA) (Fig. 1). According to 
the Köppen-Geiger system, the region’s climate is tropi-
cal rainforest (Af), monthly rainfall is greater than 60 mm 
throughout the year (Peel et al., 2007), and the average 
rainfall is 2.200 mm (Ayres, 2006). The flood season (win-
ter) is from December to May, and the dry season (sum-
mer) is from June to November (Bueno et al., 2019). On 
average, the water level of the Solimões River in the study 
region rises 10.6 m during the flood season and may rise by 
15–17 m in more severe floods (Ramalho et al., 2010).

We conducted our study in six communities, three ribei-
rinho várzea communities (Vila Alencar (composed by 13 
families), Sítio Fortaleza (14 families) and Porto Braga 
(33 families) and three ribeirinho paleovárzea communities 

Fig. 1 The study area’s map iden-
tifies the várzea and paleovárzea 
communities in the middle 
Solimões River region, Amazo-
nas, Brazil
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the study area: burial of manioc mass, basketing of manioc 
mass, bagging of manioc mass, and kanaká of manioc puba.

The first technique uses soil and leaves to create a more 
anoxic environment, called enterrar a massa da mandioca 
(burial of manioc mass). It consists of ribeirinhos burying 
the freshly peeled roots in pits excavated in the soil, which 
will remain submerged during the flood. The interviewees 
recognized this technique as widespread and ancient, prac-
ticed both in the várzea and paleovárzea. The technique 
follows these steps: (1) a 1-meter square pit is dug in the 
ground (depending on the amount of manioc to store, it can 
be larger or smaller), (2) the inner walls of the pit are lined 
with cauaçú (Calathea lutea (Aubl.) Schult.) leaves, which 
serve to prevent the roots from direct contact with the soil 
(one of the respondents mentioned that embaúba (Cecropia 
sp.) leaves may also be used for this purpose), (3) peeled 
manioc roots are placed in the pit up to the edge of the soil 
surface, (4) cauaçú leaves are used to cover all of the man-
ioc roots, and (5) soil excavated from the pit is piled over the 
manioc to cover the storage pit (Fig. 2).

The second technique, empaneirar a massa da mandioca 
or empalhar a massa da mandioca (basketing or wrapping 
manioc mass), is also locally recognized as ancient and 
known in both ecosystems; it is cited as a simplified alterna-
tive to the first technique. It consists of (1) constructing a 
fiber basket (popularly called paneiro) using dry petioles of 
cauacú or some Arecaceae, (2) lining the fiber basket with 
cauaçú leaves or other leaves, such as pariri (cf. Pouteria 
pariry (Ducke) Baehni), (3) filling the basket with peeled 
manioc roots, (4) covering the top of the basket with cauaçú 
leaves, (5) tying the covering tightly with fiber rope (made 
using hanging aerial roots of ambé (cf. Philodendron spp.)), 
and (6) immersing the basket in the water. When employing 
this technique, the basket must be completely submerged 
during the entire storage period (Fig. 2). One of the inter-
viewees also mentioned that the basket could be buried as 
in the first technique. Others recommended using a rope to 
support the basket on a tree without touching the river bot-
tom because the manioc stored precisely where the fiber 
basket touches the river may show rotting signs.

Because major floods often rise quickly, the considerable 
work required for mass storage of manioc in pits, baskets, 
or cones may be impractical. About 30 years ago, residents 
adapted the basketing technique with woven plastic-fiber 
bags. It is essential that the bag be of woven fiber and not 
solid plastic since woven fiber bags allow water movement 
into and out of the bag. This variation is called ensacamento 
da massa da mandioca (bagging of manioc mass). The bag-
ging consists of (1) placing the whole peeled manioc in 
woven fiber bags, (2) closing the bag with a rope, (3) with 
another rope, hanging the bag on a tree so that the bag is 

(Santa Luzia do Juazinho (23 families), Bom Jesus do Cala-
fate (15 families) and Santa Luzia do Baré (6 families)). 
Information on the socioeconomic characteristics of the 
residents can be obtained from Ávila et al., (2021). Plant-
ing in the region is based on the cultivation of manioc in 
small areas, combined with the cultivation of other annual 
and perennial crops (Rognant & Steward, 2015).

Data Collection

We conducted semi-structured interviews with one house-
hold head per house until all available families were sam-
pled, totaling 52 ribeirinhos in the várzea and 36 ribeirinhos 
in the paleovárzea. We interviewed one man or woman, 
more than 18 years old, per family unit. The semi-structured 
interviews focused on the storage of manioc in years of 
extreme flooding. For this, we asked if ribeirinhos knew 
any technique for storing manioc. In the case of a positive 
answer, we asked which techniques they knew. Some spe-
cific questions to understand the permanence or continuity 
of these techniques: (a) whether the ribeirinho only knew 
about the technique but did not know how to perform it, 
(b) whether the ribeirinho knew the technique sufficiently 
to perform it, and (c) whether the ribeirinho had already 
performed the technique (currently or in the past).

Data Analysis

Information about known and used storage techniques was 
categorized and analyzed using descriptive statistics. We 
used a generalized linear model with a binomial distribution 
using the program R (R Development Core Team, 2020) to 
verify if there are statistical differences in the ribeirinhos’ 
knowledge about manioc storage between the várzea and 
paleovárzea ecosystems.

Results

Manioc Storage Techniques

In both the paleovárzea and the várzea, people from all com-
munities reported that during significant floods they employ 
various storage techniques to store raw peeled manioc roots 
(locally called massa da mandioca/manioc mass) during 
the flood and process them into flour when waters recede. 
They say these techniques were practiced historically and 
learned from their grandparents and indigenous peoples. 
The guiding principle of most manioc storage techniques 
is the creation of an anoxic environment in order to elimi-
nate or reduce oxygen. Four techniques were described in 
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and was cited as used in the past, it was considered an 
ancient technique to preserve manioc. The kanaká steps 
include (1) in a region that will be flooded, build a cone with 
tacana sticks (cf. Poaceae) fixed to the ground, which is tied 
with ambé vine (cf. Philodendron spp.), (2) line the kanaká 
structure with cauaçú leaves, (3) place the wet ground man-
ioc mass in the kanaká, (4) cover the kanaká with cauaçú 
leaves. In this technique, the wet ground manioc mass is 

completely immersed in the water and does not touch the 
riverbed during storage (Fig. 2).

A fourth technique, locally called “kanaká” (Fig. 2), dif-
ferent from the techniques described above, uses ground 
manioc root mass (locally called pubar a mandioca), which 
is prepared in a sunken canoe along the river edge where 
the manioc roots are submerged in water for 2–4 days. As 
kanaká uses only natural components for its construction 

Fig. 2 Schematic drawings of techniques used for manioc storage 
during large floods in ribeirinho communities in várzea and paleo-
várzea areas in the middle Solimões River region, Amazonas, Brazil. 

(1) Burial of manioc; (2) Manioc basketing; (3) Manioc bagging; (4) 
Peeled manioc roots wrapped in cauaçú leaves for storage in Kanaká 
and Kanaká submerged in water (Figures created by Maurício Afonso)
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The manioc mass must also be softened and ground, which 
takes at least three days to prepare.

Storage time varies with each technique, spanning 
the time from when cultivation areas are flooded, and the 
period they need to rebuild the manioc flour houses, which 
can vary from 1 to 4 months. In the scenario where extreme 
floods last longer, the ribeirinhos confirm that any manioc 
storage technique mentioned is effective and increasingly 
necessary.

Ribeirinhos interviewed mentioned that the flour from 
the stored roots can turn bitter. Because of this, they adopt 
specific processing techniques to remove the bitter taste. 
The primary way to do this is to place the previously stored 
manioc in a sunken canoe near the riverbank, letting the 
river water soak the roots and wash away the bitterness (in 
the same way they traditionally soften manioc to prepare the 
flour). Another strategy to help to remove the bitterness is 
to let the rainwater wash it off. Even when done effectively, 
interviewees mention that the flour produced for stored 
manioc is mainly reserved for family consumption, as its 
flavor and color can be less acceptable in the market.

Distribution of Knowledge in Different Ecosystems

Among the 88 people interviewed, 32% did not know any 
technique for storing manioc roots, 20% knew a little about 
it, 12% knew it in detail but had never practiced it, and 36% 
knew some technique and had performed one in the past. 
These proportions, however, varied substantially between 

isolated from oxygen by the cauaçú leaves, allowing stor-
age without oxidation and rot. In a large kanaká, manioc can 
be stored from an entire field (about 0,5 − 1.0 ha). After pro-
cessing, such a kanaká yields between 8-10 bags of manioc 
flour- weighing 60 kg each.

The kanaká technique was mentioned only by one ribei-
rinho from the várzea. He was the oldest man interviewed 
(63 years) in Sítio Fortaleza, with greater traditional knowl-
edge about the community. He was born in a municipality 
close to the study area (Fonte Boa) and remembered doing 
these techniques when he was young. However, in other 
projects conducted by the Mamirauá Institute, the kanaká 
practice was observed in other local communities along the 
middle Solimões River. As our interviews were not con-
ducted in those communities, other mentions about kanaká 
in the region were not included in the results and figures of 
the present manuscript.

The techniques described above differ in difficulty, speed, 
and cost (Table 1). Manioc bagging is the fastest, easiest and 
cheapest technique, as it reuses bags used to pack manioc 
flour or other plant products. In the case of burial, the leaves 
must be collected, and there is more physical labor to dig the 
pit and bury the manioc. The basket, in addition to requir-
ing the collection of leaves, sticks, and ties, also demands 
the ability to weave the fiber basket and sometimes bury or 
elevate it with a rope. Finally, the most time-consuming and 
laborious technique is the kanaká. It requires the collection 
of sticks, ties, and leaves and the structure’s construction. 

Table 1 Techniques of manioc storage are described in várzea and paleovárzea communities along the middle Solimões River in Central Ama-
zonia, Brazil

Cited in archaeo-
logical or ethno-
graphic studies in 
Amazonia

Material 
required

Manioc 
preparation

Labor time Duration of 
preservation

Threats like 
predation

Capacity Qual-
ity of 
flour

Burial Yes Cauaçú 
leaves

Fresh peeled 
roots

Intermediate At least 6 
months

Low High Low

Basket
(touch-
ing river 
bottom)

Yes Fiber basket, 
fiber rope 
and cauaçú 
leaves

Fresh peeled 
roots

Intermediate At least 6 
months

Intermediate Low Low

Basket
(free in 
current)

Yes Fiber basket, 
fiber rope 
and cauaçú 
leaves

Fresh peeled 
roots

Intermediate At least 6 
months

Intermediate Low Inter-
medi-
ate

Bagging
(touch-
ing river 
bottom)

No Woven fiber 
bags

Fresh peeled 
roots

Fast At least 6 
months

Intermediate Low Low

Bagging
(free in 
current)

No Woven fiber 
bags

Fresh peeled 
roots

Fast At least 6 
months

Intermediate Low Inter-
medi-
ate

Kanaká No Tacana sticks, 
ambé and 
cauaçú leaves

Manioc root mass 
(manioc “puba”)

Time consuming At least 6 months Intermediate High Inter-
medi-
ate
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Among the known techniques, the kanaká was men-
tioned by only one ribeirinho in the várzea. The burial and 
basketing techniques are known by at least one ribeirinho 
from each community in both ecosystems. In contrast to 
what we hypothesized, the results of the generalized linear 
model to test the knowledge about manioc storage related to 
the várzea and paleovárzea ecosystems indicate that in the 
paleovárzea ribeirinhos know more about storing manioc 
than ribeirinhos in the várzea (β = -1.45, SE = 0.53, z = 
-2.76, p =0,005 ).

Discussion

Four manioc storage techniques were cited as applicable in 
the case of extreme and unpredictable flooding. Two of these 
techniques have not yet been described in the literature for 

environments; in the paleovárzea, most of the interviewees 
(58%) had performed some technique; in the várzea most of 
the interviewees either did not know any technique (46%) 
or knew little about it (29%). In this sense, ribeirinhos from 
paleovárzea communities use and know more about tradi-
tional techniques (72%) than those from várzea communi-
ties (25%) (Fig. 3).

In general, ribeirinhos from the paleovárzea know more 
about traditional manioc storage techniques (87%) than 
those from the várzea (59%) (Fig. 4). In the várzea they 
know mainly the burial technique (47%) and basketing 
(35%), while in the paleovárzea the bagging technique is 
better known (64%), and the burial technique is used (29%). 
As for the knowledge, the bagging technique is the best 
known, followed by the burial technique, the basketing 
technique, and the kanaká.

Fig. 4 Distribution of knowledge 
(%) about each manioc storage 
technique in the study ecosys-
tems in the middle Solimões 
River region, Amazonas, Brazil, 
considering only people who 
know at least one technique

 

Fig. 3 Percentage of ribeirinhos 
from both ecosystems in the 
middle Solimões River region, 
Amazonas, Brazil, who know 
and/or use manioc storage tech-
niques during extreme floods
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although infrequently (Mendes dos Santos et al., 2021). In 
addition, the historical importance of the burial and bas-
keting techniques has been highlighted for the storage of 
other roots (such as the mairá potato (Casimirella sp.)) and 
also fruits (such as pupunha (Bactris gasipaes Kunth) and 
buriti (Mauritia flexuosa L. f.) (Lancaster & Coursey, 1984; 
Mendes dos Santos et al., 2021).

Concerning the kanaká, the puba process causes the 
manioc to ferment. This process is also used for manioc 
flour preparation (locally called farinha d´água); the fer-
mented softened roots facilitate the grinding into a homog-
enous mass and liberate part of the prussic acid (Lancaster 
et al., 1982). For the kanaká storage technique, some simi-
lar methods were observed in Uganda: wooden boxes with 
damp sawdust. The box is coated with plastic to prevent the 
sawdust from drying out for 4–8 weeks (Nahdy & Odong, 
1995). However, in the case of kanaká the wooden structure 
has a cone shape, the plastic is substituted with local leaves, 
and manioc puba is used.

Storage in conical piles was observed in traditional indig-
enous silos in Colombia. In these, a thick layer of straw 
is placed, and the roots are piled up. The mounds, with 
between 300 and 500 kg of manioc, are covered with straw 
and earth, with openings left at the bottom for ventilation. 
The method allows storage for about one month, depend-
ing on the temperature and rainfall of the season (Rickard 
& Coursey, 1981). In the Philippines, conical piles are also 
used to store manioc for 25 days (Baybay, 1922).

The use of bags to preserve manioc roots is recognized 
as an extension of traditional storage methods, where plas-
tic bags are used to prevent moisture loss and water stress 
(Rickard & Coursey, 1981). With bagging, tightly woven 
bags without chemical treatment were observed in Ghana 
(Gallat et al., 1998) and Tanzania (Westby et al., 1999), 
allowing 7–10 days of storage. Polyethylene bags were also 
used with damp sawdust associated with chemical treat-
ments, preventing post-harvest deterioration and increas-
ing root quality (Carvalho et al., 1985). In Colombia, this 
type of storage allowed conservation for 14 days (Best, 
1990). Comparing the techniques present in the literature 
with those mentioned in the communities, we can iden-
tify that bagging and basketing have similarities with the 
other techniques of storing manioc in water. Compared to 
older techniques to store manioc, the bagging technique is 
more manageable, fast, and practical and demonstrates local 
knowledge dynamics (Haughton et al., 2015). However, 
alternatives and old techniques provide options to store 
manioc, and the knowledge about different techniques are 
essential factors in enhancing resilience in climate change 
(Altieri et al., 2015).

Várzeas are at high risk for major periodic flooding 
(Denevan, 1996). In the várzea areas studied, ribeirinhos 

the region: kanaká and ensacamento (bagging). One consists 
of burying manioc roots, and the other three consist of ways 
in which the peeled manioc is stored in different fiber pack-
ages (natural or synthetic), which are submerged in water 
(basketing, bagging, and kanaká). One technique was exclu-
sively mentioned in the várzea (kanaká), and only the most 
recently developed technique (bagging) is currently used in 
both ecosystems. The most significant knowledge dissemi-
nation and manioc root storage were in the paleovárzea. In 
climate change, in which extreme flooding is more intense 
and unpredictable, ribeirinhos from both ecosystems, which 
do not know the techniques were very interested in learning 
about them. The technique is more used today, given the last 
extreme flood (2015).

Around the world, local communities also use traditional 
food storage techniques to preserve potatoes, maize, rice, 
cowpea, millet, quinoa, sorghum, etc. For example, they 
use underground pits, wooden structures/silos, or bags (jute, 
sisal, local grass, cotton, or polyethylene) (Tapia & Torre, 
1998; Mobolade et al., 2019).

Manioc storage techniques using burials are cited in old 
(Edmondson, 1922; Lancaster et al., 1982; Monteiro, 1963) 
and recent studies in Amazonia (Acosta Muñoz et al., 2005; 
Mendes dos Santos et al., 2021). Archaeological and ethno-
graphic work highlights the long history of this burial tech-
nique in the region who could be used to store starchy plant 
materials that would be used after the temporary migrations 
of indigenous groups (Furquim, 2018). Burial is also a tech-
nique historically used in Africa (Affran, 1968; Irvine, 1969) 
and on Mauritius island (Anon, 1944). In the latter case, it 
is referred to as “Reine’s method,“ where layers of peeled 
manioc roots are alternated with layers of 7.5 cm of earth 
and then covered with earth (15 cm deep), allowing storage 
for more than one year (Anon, 1944). In India, there are also 
studies of manioc burials, where it was observed that after 
two months in soil with 15% moisture, 80–85% of the roots 
were undamaged and could be used (Balagopalan, 2000).

As for the basketing technique, use was reported among 
indigenous groups from other traditional populations of the 
Solimões River (Sousa et al., 2017) and the upper Negro 
River (Maia, 2018). In some regions of Hispanic America, 
where the cauaçú also occurs (also known locally as bijão), 
leaves are used to wrap food and protect it from humidity 
(Sousa et al., 2017). In an archaeological study in the Purus 
River basin, the authors reported that the basketing tech-
nique was used to produce pães de índio in the interfluve of 
the Jacareúba-Mucuim Rivers due to its specific conserva-
tion conditions (Cangussu & Perez, 2017). Concerning the 
current use of burial and basketing techniques, other stud-
ies observed evidence of these practices near the middle 
Purus River, the upper Negro River, and the upper Madeira 
River, suggesting that these techniques continue to be used, 

1 3



Human Ecology

agreement No 062.00148/2020, Finance Code 001 CAPES (Coorde-
nação de Aperfeiçoamento de Pessoal de Nível Superior). ABJ has 
received funding from the European Research Council (ERC) through 
the LICCI project (ERC Consolidator Grant FP7-771056-LICCI). 
This work contributes to the “María de Maeztu Unit of Excellence” 
(CEX2019-000940-M).

Data Availability The datasets generated and/or analysed during the 
current study are available from the corresponding author upon reason-
able request.

Declarations

Conflict of interest The authors declare no conflict of interests.

Informed consent The interviews were conducted after the interview-
ees signed the informed consent form wherein they agreed to partici-
pate in the study and authorized the disclosure of the results. The Eth-
ics Committee approved this research for Research with Humans at 
Mamirauá Institute (CEP authorization number: 2.964.758), registered 
in the National System for the Management of Genetic Heritage and 
Traditional Knowledge (SISGEN A494ADE), and obtained authoriza-
tion from the System of Authorization and Information on Biodiversity 
(SISBIO 65374-1).

References

Acosta Muñoz, L. E., Gonzáles, H. A. C., Venegas, C. P. P., Garcia, J. C. 
A., Arguelles, J., Valderrama, A. M., & Huaines, F. J. (2005). La 
práctica de conservación de biomasas de yuca: tecnologia tradi-
cional indígena aplicada en el presente. In L. E. Acosta Muñoz & 
A. M. Valderrama (Eds.), Enterramientos de masas de yuca del 
pueblo Ticuna: Tecnología tradicional en la várzea del Amazonas 
colombiano (pp. 63–73). Instituto Amazónico de investigaciones 
Cientificas, Bogot&#225

Adams, C., Murrieta, R., Siqueira, A., Neves, W., & Sanches, R. 
(2009). Bread of the land: The invisibility of manioc in the Ama-
zon. In C. Adams, R. Murrieta, W. Neves, & M. Harris (Eds.), 
Amazon peasant societies in a changing environment (pp. 281–
305). Springer. https://doi.org/10.1007/978-1-4020-9283-1_13. 
Dordrechts

Affran, D. (1968). Cassava and its economic importance. Ghana 
Farmer, 12(4), 172–178

Aguiar, I. de J. A., & Sousa, M. A. de. (1981). Polyporus indigenus I. 
Araujo &M. A. Sousa, nova espécie da Amazônia. Acta Amazonica, 
11(3), 449–455. https://doi.org/10.1590/1809-43921981113449

Alencar, E. F. (2010). Memórias de Mamirauá. Instituto de Desen-
volvimento Sustentável Mamirauá

Altieri, M. A., Nicholls, C. I., Henao, A., & Lana, M. A. (2015). Agro-
ecology and the design of climate change-resilient farming sys-
tems. Agronomy for Sustainable Development, 35(3), 869–890. 
https://doi.org/10.1007/s13593-015-0285-2

Anon. (1944). La conservation du manioc par le procede de Reine. 
Revue Agricole et Sucrière de l’île Maurice, 23(3), 105–106

Araújo, I. J., & Souza, M. A. (1978). Nota prévia sobre o pão do índio 
da Amazônia Brasileira. Acta Amazonica, 8(2), 316–318

Aswani, S., Lemahieu, A., & Sauer, W. H. H. (2018). Global trends of 
local ecological knowledge and future implications. PLOS ONE, 
13(4), e0195440. https://doi.org/10.1371/journal.pone.0195440

Ávila, J. V. C., Clement, C. R., Junqueira, A. B., Ticktin, T., & Stew-
ard, A. M. (2021). Adaptive management strategies of local com-
munities in two Amazonian floodplain ecosystems in the face of 

emphasized that they do not cultivate as much manioc as 
they used to because extreme floods are recurrent and unpre-
dictable (Avila et al., 2021). Consequently, in várzea eco-
systems, as there is less manioc to be processed into flour, 
the need for these storage techniques is lesser compared to 
the past or the paleovárzea. This may be why várzea ribei-
rinhos know less about manioc storage than ribeirinhos in 
the paleovárzea.

Conclusion

Ribeirinhos of várzea and paleovárzea communities are 
familiar with four techniques for storing fresh manioc. 
However, in both ecosystems, people used only a recently 
adapted technique (manioc bagging). Ribeirinhos from the 
paleovárzea know more about storage techniques than those 
from the várzea. In the paleovárzea, crops do not suffer from 
annual flooding; thus, the swiddens are more important for 
income generation and, consequently, are more significant, 
which could justify that knowledge of this technique is bet-
ter distributed in this ecosystem. The differences in LEK are 
due to their histories of interaction with each ecosystem’s 
environmental characteristics, especially susceptibility to 
extreme flooding. In addition, many ribeirinhos in the study 
area want to know more about manioc storage techniques 
to avoid losing their crops. This demand illustrates how tra-
ditional and adapted technologies are dynamic, need to be 
shared, and can be crucial in strengthening communities’ 
food security and sovereignty in critical periods, favoring 
the resilience of these communities even in the context of 
climate change.

Acknowledgements We thank the residents of the collaborating com-
munities who kindly shared their knowledge with us and strongly sup-
ported the study and its logistics. Thanks to the boatmen, field staff, 
and logistics teams, the Territorialities and Socio-Environmental Gov-
ernance in the Amazon Research Group, the Archaeology Research 
Group, and the Agro-ecosystem Management Program, all at the 
Mamirauá Institute, and the Group for Interdisciplinary Environmental 
Studies (UFSC-Brazil). CRC thanks the Brazilian Research Council 
for a research fellowship (PQ 303477/2018-0).

Authors’ contributions Conceptualization: Julia Vieira da Cunha 
Ávila, Charles R, Clement, Angela May Steward; Methodology: Ju-
lia Vieira da Cunha Ávila, Angela May Steward; Formal analysis and 
investigation: Julia Vieira da Cunha Ávila, André Braga Junqueira, 
Tamara Ticktin; Writing - original draft preparation: Julia Vieira da 
Cunha Ávila, Charles R. Clement; Writing - review and editing: An-
derson Márcio Amaral; André Braga Junqueira; Gilton Mendes dos 
Santos, Tamara Ticktin; Supervision: Angela May Steward, Charles 
R. Clement.

Funding CNPq (Conselho Nacional de Desenvolvimento Científico 
e Tecnológico) provided Julia´s PhD Scholarship No 140049/2019-3 
and grant agreement No 435985/2018-3, Fundo Amazônia, FAPEAM 
(Fundação de Amparo à Pesquisa do Estado do Amazonas) under grant 

1 3

http://dx.doi.org/10.1007/978-1-4020-9283-1_13
http://dx.doi.org/10.1007/s13593-015-0285-2
http://dx.doi.org/10.1371/journal.pone.0195440


Human Ecology

cultivation systems in fertile anthropogenic dark earths and flood-
plain soils in Central Amazonia. Plos One, 7(8), e43636. https://
doi.org/10.1371/journal.pone.0043636

Funatsu, B. M., Dubreuil, V., Racapé, A., Debortoli, N. S., Nasuti, 
S., & Le Tourneau, F. M. (2019). Perceptions of climate and cli-
mate change by Amazonian communities. Global Environmental 
Change, 57. https://doi.org/10.1016/j.gloenvcha.2019.05.007

Furquim, L. (2018). Arqueobotânica e mudanças socioeconômicas no 
Sudoeste Amazônico durante o Holoceno Médio. Universidade de 
São Paulo

Gallat, S., Crentsil, D., & Bancroft, R. D. (1998). Development of a 
low cost cassava fresh root storage technology for the Ghana-
ian market. In R. S. B. Ferris (Ed.), Postharvest technology and 
commodity marketing. Proceedings of a post-harvest conference. 
Accra, Ghana. (pp. 77–84)

Gaoue, O. G., Coe, M. A., Bond, M., Hart, G., Seyler, B. C., & McMil-
len, H. (2017). theories and major hypotheses in ethnobotany. 
Economic Botany, 71(3), 269–287. https://doi.org/10.1007/
s12231-017-9389-8. Springer New York LLC

Haughton, G., Bankoff, G., & Coulthard, J., T (2015). In search of 
‘lost’ knowledge and outsourced expertise in flood risk manage-
ment. Transactions of the Institute of British Geographers, 40(3), 
375–386. https://doi.org/10.1111/tran.12082

Ingram, J. S., & Humphries, J. R. O. (1972). Cassava storage - a 
review. Tropical Science, 14, 131–148

Irion, G., de Mello, J. A. S. N., Morais, J., Piedade, M. T. F., Junk, 
W. J., & Garming, L. (2010). Development of the Amazon 
Valley during the middle to late Quaternary: Sedimentologi-
cal and Climatological Observations (pp. 27–42). https://doi.
org/10.1007/978-90-481-8725-6_2

Irvine, F. R. (1969). African Crops. (3rd ea.). Oxford Univ. Press
Junk, W. J., Bayley, P. B., & Sparks, R. E. (1989). The flood pulse con-

cept in river-floodplain systems. Canadian Special Publication of 
Fisheries and Aquatic Sciences, 106(1), 110–127

Knoth, J. (1993). Traditional storage of yams and cassava and its 
improvement. GTZ: Postharvest Project

Lancaster, P. A., & Coursey, D. G. (1984). Traditional post-harvest 
technology of perishable tropical staples. In FAO Agricultural 
Services Bulletin n°59 (p. 88). http://www.fao.org/3/x5045e/
x5045E00.htm#Contents

Lancaster, P. A., Ingram, J. S., Lim, M. Y., & Coursey, D. G. (1982). 
Traditional cassava-based foods: survey of processing techniques. 
Economic Botany, 36(1), 12–45. www.jstor.org/stable/4254349

Langill, J. C., & Abizaid, C. (2020). What is a bad flood? Local per-
spectives of extreme floods in the Peruvian Amazon. Ambio, 
49(8), 1423–1436. https://doi.org/10.1007/s13280-019-01278-8

Lentz, D. L. (2000). Anthropocentric food webs in the Precolumbian 
Americas. In Imperfect balance: landscape transformations in 
the Precolumbian Americas (pp. 89–119)

Lima, D., Steward, A., & Richers, B. T. (2012). Trocas, experimenta-
ções e preferências: um estudo sobre a dinâmica da diversidade 
da mandioca no médio Solimões, Amazonas. Boletim Do Museu 
Paraense Emílio Goeldi Ciências Humanas, 7(2), 371–396. 
https://doi.org/10.1590/S1981-81222012000200005

Maia, G. (2018). Bahsamori: o tempo, as estações e as etiquetas soci-
ais dos Yepamahsã (Tukano). Edua/Neai

Marengo, J. A., Borma, L. S., Rodriguez, D. A., Pinho, P., Soares, 
W. R., & Alves, L. M. (2013). Recent extremes of drought and 
flooding in Amazonia: vulnerabilities and human adaptation. 
American Journal of Climate Change, 02(02), 87–96. https://doi.
org/10.4236/ajcc.2013.22009

dos Mendes, G. (2016). Plantas e parentelas: notas sobre a história 
da agricultura no Médio Purus. In G. Mendes dos, Santos, & M. 
Aparicio (Eds.), Redes Arawa—Ensaios de etnologia do Médio 
Purus (pp. 19–39). Braz.: EDUA

extreme climate events. Journal of Ethnobiology, 41(3), 409–426. 
https://doi.org/10.2993/0278-0771-41.3.409

Ayres, J. M. (2006). As matas de várzea do Mamirauá: Médio Rio 
Solimões (3rd ed.). Tefé: Sociedade Civil Mamirauá

Balagopalan, C. (2000). Integrated technologie for value addition and 
post havest management in tropical tuber Crops. Central Tuber 
Crops Research Intitute

Baybay, D. S. (1922). Storage of some root crops and other perishable 
farm products. Philippine Agriculture, 10(9), 423–440

Best, R. (1990). Storage and processing of cassava in Latin America, 
lessons for the subregion (West Africa). Action programme for 
the prevention of food losses, improving post-harvest handling, 
storage and processing of root and tuber Crops (pp. 9–20). FAO

Bueno, G. T., Cherem, L. F. S., Toni, F., Guimarães, F. S., & 
Bayer, M. (2019). Amazonia (pp. 169–197). https://doi.
org/10.1007/978-3-030-04333-9_9

Cai, W., Borlace, S., Lengaigne, M., van Rensch, P., Collins, M., Vec-
chi, G., Timmermann, A., Santoso, A., McPhaden, M. J., Wu, 
L., England, M. H., Wang, G., Guilyardi, E., & Jin, F. F. (2014). 
Increasing frequency of extreme El Niño events due to green-
house warming. Nature Climate Change, 4(2), 111–116. https://
doi.org/10.1038/nclimate2100

Cangussu, D., & Perez, W. (2017). Relatório da expedição de localiza-
ção Jacareúba. FUNAI, CGIIRC, FPE Madeira-Purus

de Carvalho, V. D., Chalfoun, S. M., & Juste Junior, E. S. G. (1985). 
Storage methods on fresh cassava roots preservation, 1: effect 
of polyethylene bags and humid sawdust associated to chemical 
treatments on post-harvest deterioration and root quality. Revista 
Brasileira de Mandioca (Brazil), 4(1), 79–85

CNPCT (2016). Comissão Nacional de Desenvolvimento Sustentável 
de Povos e Comunidades Tradicionais. http://Portalypade.Mma.
Gov.Br/Ribeirinhos-Caracteristicas/120-Povos-e-Comunidades/
Ribeirinhos.

Costa, M. L., da, Rios, G. M., Silva, M. M. C., da, Silva, G. J. da, & 
Molano-Valdes, U. (2011). Mineralogy and chemistry of archae-
ological ceramic fragments from archaeological Dark Earth site 
in Colombian Amazon. Revista Escola de Minas, 64(1), 17–23. 
https://doi.org/10.1590/S0370-44672011000100002

Denevan, W. M. (1996). A bluff model of riverine settlement in pre 
historic Amazonia. Annals of the Association of American Geog-
raphers, 86(4), 654–681

Dubreuil, V., Funatsu, B. M., Michot, V., Nasuti, S., Debortoli, N., de 
Mello-Thery, N. A., & Le Tourneau, F. M. (2017). Local rain-
fall trends and their perceptions by Amazonian communities. 
Climatic Change, 143(3–4), 461–472. https://doi.org/10.1007/
s10584-017-2006-0

Dufour, D. L. (1995). A closer look at the nutritional implications of 
bitter cassava use. In: Sponsel LE, ed. Indigenous peoples and 
the future of Amazônia. In L. Sponse (Ed.), Indigenous peoples 
and the future of Amazônia. (pp. 149–165). University of Arizona 
Press

Dufour, D. L., Piperata, B. A., Murrieta, R. S. S., Wilson, W. M., & 
Williams, D. D. (2016). Amazonian foods and implications for 
human biology. Annals of Human Biology, 43(4), 330–348. 
https://doi.org/10.1080/03014460.2016.1196245

Edmondson, G. (1922). Journal of the Travels and Labours of Father 
Samuel Fritz in the River of the Amazons between 1686 and 1723. 
Haklayt Soc

Fadeyibi, A. (2011). Storage methods and some uses of cassava in 
Nigeria. Continental Journal of Agricultural Science, 5(2), 12–18

Fausto, C., & Neves, E. G. (2018). Was there ever a Neolithic in the 
Neotropics? Plant familiarization and biodiversity in the Ama-
zon. Antiquity, 92(366), 1604–1618. https://doi.org/10.15184/
aqy.2018.157

Fraser, J. A., Alves-Pereira, A., Junqueira, A. B., Peroni, N., & 
Clement, C. R. (2012). Convergent adaptations: bitter manioc 

1 3

http://dx.doi.org/10.1371/journal.pone.0043636
http://dx.doi.org/10.1371/journal.pone.0043636
http://dx.doi.org/10.1016/j.gloenvcha.2019.05.007
http://dx.doi.org/10.1007/s12231-017-9389-8
http://dx.doi.org/10.1007/s12231-017-9389-8
http://dx.doi.org/10.1111/tran.12082
http://dx.doi.org/10.1007/978-90-481-8725-6_2
http://dx.doi.org/10.1007/978-90-481-8725-6_2
http://www.fao.org/3/x5045e/x5045E00.htm#Contents
http://www.fao.org/3/x5045e/x5045E00.htm#Contents
http://www.jstor.org/stable/4254349
http://dx.doi.org/10.1007/s13280-019-01278-8
http://dx.doi.org/10.1590/S1981-81222012000200005
http://dx.doi.org/10.4236/ajcc.2013.22009
http://dx.doi.org/10.4236/ajcc.2013.22009
http://dx.doi.org/10.2993/0278-0771-41.3.409
http://dx.doi.org/10.1007/978-3-030-04333-9_9
http://dx.doi.org/10.1007/978-3-030-04333-9_9
http://dx.doi.org/10.1038/nclimate2100
http://dx.doi.org/10.1038/nclimate2100
http://Portalypade.Mma.Gov.Br/Ribeirinhos-Caracteristicas/120-Povos-e-Comunidades/Ribeirinhos.
http://Portalypade.Mma.Gov.Br/Ribeirinhos-Caracteristicas/120-Povos-e-Comunidades/Ribeirinhos.
http://Portalypade.Mma.Gov.Br/Ribeirinhos-Caracteristicas/120-Povos-e-Comunidades/Ribeirinhos.
http://dx.doi.org/10.1590/S0370-44672011000100002
http://dx.doi.org/10.1007/s10584-017-2006-0
http://dx.doi.org/10.1007/s10584-017-2006-0
http://dx.doi.org/10.1080/03014460.2016.1196245
http://dx.doi.org/10.15184/aqy.2018.157
http://dx.doi.org/10.15184/aqy.2018.157


Human Ecology

Rickard, J. E., & Coursey, D. G. (1981). Cassava storage, part 1: stor-
age of fresh cassava roots. Tropical Science, 23, 1–32

Rognant, C., & Steward, A. (2015). Qui garde le mieux la terre?. 
L’agriculture familiale face aux stratégies de conservation for-
estière dans la Réserve de Développement Durable Amanã, Ama-
zonas, Brésil. Anthropology of Food, S11

Santos, C., Silva, F. E. C., da, Silva, S. F. S. M., da, Sullasi, H. L., de 
Paula, A. S., Oliveira, C. A., Ghett, N. C., & de Castro, V. M. 
C. (2014). O pão do índio dos Mukini da Amazônia: estudo de 
caso sobre o uso de suprimentos específicos na dieta alimentar 
indígena. Fundação Museu Do Homem Americano, 1(11), 58–77

Schmidt, M. J., Py-Daniel, R., de Paula Moraes, A., Valle, C., Caro-
mano, R. B. M., Texeira, C. F., Barbosa, W. G., Fonseca, C. A., 
Magalhães, J. A., Guapindaia, M. P., Moraes, V. L., Lima, B., 
Neves, H. P., E. G., & Heckenberger, M. J. (2014). Dark earths 
and the human built landscape in Amazonia: a widespread pattern 
of anthrosol formation. Journal of Archaeological Science, 42, 
152–165. https://doi.org/10.1016/j.jas.2013.11.002

Sousa, M. D. J. S., Bezerra, N. P., Leoni, J. M., Oliveira, M. M. D. C., 
& Amaral, M. R. A. (2017). Teçume d’Amazônia: fortalecimento 
político das mulheres produzindo vitalidade de conhecimentos 
tradicionais. Amazônica - Revista de Antropologia, 8(2), 310. 
https://doi.org/10.18542/amazonica.v8i2.5046

Steward, A. M., Costa-Santos, R. B., Rognant, C., Viana, F. M. F., 
Ávila, J. V. C., Santos, J. G., Rodrigues, J. & Vieira, S. (2022). 
Rising Above the Flood: Modifications in Agricultural Practices 
and Livelihood Systems in Central Amazonia – Perspectives 
from Ribeirinho and Indigenous Communities. M. Roué, D. 
Nakashima, & I. Krupnik (Eds.), Resilience through Knowledge 
Co-Production: Indigenous Knowledge, Science, and Global 
Environmental Change (pp. 233-246). Cambridge: Cambridge 
University Press. https://doi.org/10.1017/9781108974349.018

Tapia, M. E., & Torre, A. D. (1998). la. Women farmers and Andean 
seeds

Tregidgo, D., Barlow, J., Pompeu, P. S., & Parry, L. (2020). Tough fish-
ing and severe seasonal food insecurity in Amazonian flooded for-
ests. People and Nature, 2(2), 468–482. https://doi.org/10.1002/
pan3.10086

Valer, L. R., Mocelin, A., Zilles, R., Moura, E., & Nascimento, A. C. S. 
(2014). Assessment of socioeconomic impacts of access to elec-
tricity in Brazilian Amazon: Case study in two communities in 
Mamirauá Reserve. Energy for sustainable development, 20(1), 
58–65. https://doi.org/10.1016/j.esd.2014.03.002

Venturato, R. D., & Pereira, K. J. C. (2010). Aspects of food sover-
eignty and labor sharing in domestic units at the Mamirauá and 
Amanã Sustainable Development Reserves. Scientific Magazine 
UAKARI, 6(2), 21–33. https://doi.org/10.31420/uakari.v6i2.90

Walker, B., Holling, C. S., Carpenter, S. R., & Kinzig, A. P. (2004). 
Resilience, Adaptability and Transformability in Social-eco-
logical Systems. Ecology and Society, 9(2), art5. https://doi.
org/10.5751/ES-00650-090205

Westby, A., Kleih, U., Hall, A., Ndunguru, G., Crentsil, D., Bockett, 
G., & Graffham, A. (1999). Needs assessment in post-harvest 
research and development. In I. F. Grant & C. R. Sear (Eds.), 
Decision tools in sustainable development (pp. 143–160)

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); 
author self-archiving of the accepted manuscript version of this arti-
cle is solely governed by the terms of such publishing agreement and 
applicable law. 

dos Mendes, G., Cangussu, D., Furquim, L. P., Watling, J., & Neves, 
E. G. (2021). Pão-de-índio e massas vegetais: elos entre pas-
sado e presente na Amazônia indígena. Boletim Do Museu 
Paraense Emílio Goeldi Ciências Humanas, 16(1), https://doi.
org/10.1590/2178-2547-bgoeldi-2020-0012

Mobolade, A. J., Bunindro, N., Sahoo, D., & Rajashekar, Y. (2019). 
Traditional methods of food grains preservation and storage in 
Nigeria and India. Annals of Agricultural Sciences, 64(2), 196–
205. https://doi.org/10.1016/j.aoas.2019.12.003

Monteiro, M. Y. (1963). Alimentos preparados à base da mandioca. 
Revista Brasileira de Folclore, III(5), 37–82

Nahdy, S. M., & Odong, M. (1995). Storage of fresh cassava tuber 
in plant based storage media. In Accra (Ed.), Proceeding of the 
workshop on “post-harvest technology experience in Africa” 
(pp. 4–8). FAO

Neves, E. G. (2011). Archaeological cultures and past identities in the 
pre-colonial Central Amazon. Ethnicity in ancient Amazonian: 
reconstructing past identities from archaeology, linguistic and 
etnohistory (p. 1:27). University Press of Colorado

Neves, E. G., Guapindaia, V. L. C., Lima, H. P., Costa, B. L. S., & 
Gomes, J. (2014). A Tradição Pocó-Açutuba e os primeiros sinais 
visíveis de modificações de paisagens na calha do Amazonas. 
In S. Rostain (Ed.), Amazonía, Memorias de las conferencias 
magistrales del 3er Encuentro Internacional de Arqueologia 
Amazónica.

Osei-Opare, A. F. (1990). Household and village level storage and 
processing of root and tuber crops in ghana. Lessons for the Sub-
Region West Africa. Action programme for the prevention of food 
losses. improving post-harvest handling, storage and processing 
of root and tuber crops (pp. 46–57). Food And Agriculture Orga-
nization (FAO)

Peel, M. C., Finlayson, B. L., & McMahon, T. A. (2007). Updated 
world map of the Köppen-Geiger climate classification. Hydrol-
ogy and earth system sciences, 11(5), 1633–1644. https://doi.
org/10.5194/hess-11-1633-2007

Penteado, I. M., Nascimento, A. C. S., Corrêa, D., Moura, E. A. F., 
Zilles, R., Gomes, M. C. R. L., Pires, F. J., Brito, O. S., da Silva, 
J. F., Reis, A. V., Souza, A., & Pacífico, A. C. N (2019). Among 
people and artifacts: Actor-Network Theory and the adoption of 
solar ice machines in the Brazilian Amazon. Energy research 
and social science, 53(February), 1–9. https://doi.org/10.1016/j.
erss.2019.02.013

Posey, D. A. (1985). Indigenous management of tropical forest eco-
systems: the case of the Kayapó indians of the Brazilian Amazon. 
Agroforestry Systems, 3(2), 139–158. https://doi.org/10.1007/
BF00122640

R Development Core Team (2020). R: A Language and Environment 
for Statistical Computing.

Ramalho, E. E., Macedo, J., Vieira, T. M., Valsecchi, J., Calvimontes, 
J., Marmontel, M., & Queiroz, H. L. (2010). Ciclo hidrológico 
nos ambientes de várzea da Reserva de Desenvolvimento Susten-
tável Mamirauá – Médio Rio Solimões, período de 1990 a 2008. 
UAKARI, 5(1), 61–87

Reyes-García, V., Aceituno-Mata, L., Calvet-Mir, L., Garnatje, T., 
Gómez-Baggethun, E., Lastra, J. J., Ontillera, R., Parada, M., 
Rigat, M., Vallès, J., Vila, S., & Pardo-de-Santayana, M. (2014). 
Resilience of traditional knowledge systems: The case of agricul-
tural knowledge in home gardens of the Iberian Peninsula. Global 
Environmental Change, 24, 223–231. https://doi.org/10.1016/j.
gloenvcha.2013.11.022

Reyes-García, V., Guèze, M., Luz, A. C., Paneque-Gálvez, J., Macía, 
M. J., Orta-Martínez, M., Pino, J., & Rubio-Campillo, X. (2013). 
Evidence of traditional knowledge loss among a contemporary 
indigenous society. Evolution and Human Behavior, 34(4), 249–
257. https://doi.org/10.1016/j.evolhumbehav.2013.03.002

1 3

http://dx.doi.org/10.1016/j.jas.2013.11.002
http://dx.doi.org/10.18542/amazonica.v8i2.5046
http://dx.doi.org/10.1017/9781108974349.018
http://dx.doi.org/10.1002/pan3.10086
http://dx.doi.org/10.1002/pan3.10086
http://dx.doi.org/10.1016/j.esd.2014.03.002
http://dx.doi.org/10.31420/uakari.v6i2.90
http://dx.doi.org/10.5751/ES-00650-090205
http://dx.doi.org/10.5751/ES-00650-090205
http://dx.doi.org/10.1590/2178-2547-bgoeldi-2020-0012
http://dx.doi.org/10.1590/2178-2547-bgoeldi-2020-0012
http://dx.doi.org/10.1016/j.aoas.2019.12.003
http://dx.doi.org/10.5194/hess-11-1633-2007
http://dx.doi.org/10.5194/hess-11-1633-2007
http://dx.doi.org/10.1016/j.erss.2019.02.013
http://dx.doi.org/10.1016/j.erss.2019.02.013
http://dx.doi.org/10.1007/BF00122640
http://dx.doi.org/10.1007/BF00122640
http://dx.doi.org/10.1016/j.gloenvcha.2013.11.022
http://dx.doi.org/10.1016/j.gloenvcha.2013.11.022
http://dx.doi.org/10.1016/j.evolhumbehav.2013.03.002

	Adaptations of Pre-Columbian Manioc Storage Techniques as Strategies to Adapt to Extreme Climatic Events in Amazonian Floodplains
	Abstract
	Introduction
	Methodology
	Study Area

	Data Collection
	Data Analysis

	Results
	Manioc Storage Techniques
	Distribution of Knowledge in Different Ecosystems

	Discussion
	Conclusion
	References


