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Abstract

The 2030 Agenda was set in 2015 by the United Nations, with 17 Sustainable Development Goals. The Amazonian river-
ine people are recognized as traditional communities that have their own culture and use the local natural resources of
their territories in an ancestral and traditional way. The Sustainable Development Reserve is a Brazilian protected area
category which aims to ensure the protection of the natural environment while allowing the residence and the use of
these lands by traditional populations. This article reports and discusses the achievements and challenges of the Sus-
tainable Development Goals in two sustainable development reserves in Central Amazonia. The goals were evaluated in
the Mamiraua and Amana Sustainable Development Reserves, due to the large research programs developed in those
areas along the past 20 years. The 17 Sustainable Development Goals have a clear connection with the mission of these
sustainable development reserves in Central Amazon. Despite the many achievements conquered over the years, there
are many challenges yet to overcome; and while striving to achieve the goals from the 2030 Agenda, new challenges will
emerge. The current main challenges to reach the Sustainable Development Goals in the Mamiraua and Amana Sustain-
able Development Reserves, in Central Amazon, are connecting to the reality of rural areas.
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1 Introduction

A long-term "global agenda for change" was proposed by the United Nations in 1987, to achieve sustainable develop-
ment. Sustainable development is "development that meets the needs of the present without compromising the ability of
future generations to meet their own needs"; requiring "meeting the basic needs of all and extending to all the opportunity
to fulfill their aspirations for a better life" (WCED, 1987) [1]. In 2015 the "2030 Agenda" was set, including 17 Sustainable
Development Goals (SDGs) and 169 targets to be achieved by 2030 (Fig. 1)—in areas of crucial importance to humanity
and the planet [2].

The Amazon River watershed encompasses almost seven million km?, carrying about 1/6 of all the water that flows to
the oceans. Through this rainforest there are rivers, streams, canals, lakes, marshes, sandy beaches, floodplains [3, 4]|—and
the forest people, as the river dwellers.
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Fig.1 The Sustainable Development Goals of the 2030 Agenda of United Nations. Source: United Nations (2015)
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The riverine people (ribeirinhos) are the people who live along the rivers, as many do in the Central Amazonia. In Brazil, they
are recognized as traditional communities that have their own culture and use the local natural resources of their territories in
an ancestral and traditional way [5]. These river dwellers largely descend from native people (indigenous) and rubber tappers
[6], usually live in stilt-houses (palafitas) or floating-houses (built over logs)—most constructed with native woods extracted
in the region. The main economic activities of these communities involve fishing, small-scale farming, extractivism (timber,
acai fruit Euterpe oleracea, Brazil nuts Bertholletia excelsa), handicrafts, local commerce and community-based tourism [7].

The riverine communities of Central Amazonia exist in a challenging environment for human development due to the
annual flood pulses, waterway-only transport, long distances from urban centers, low levels of formal education and a lack
of public energy supply and infrastructure. On the other hand, the rainforest has a large natural amount of food, and a highly
adapted traditional people with an ancient knowledge about the Amazon. The rainforest has a high biodiversity of plants
and animals that provide many food sources to the forest people; moreover, local community production (such as fish and
manioc flour) provides subsistence.

In the Brazilian Amazon there are 346 Protected Areas (PA), covering 28% of the territory [8]. The Sustainable Development
Reserve (SDR) is a Brazilian PA category which aims to ensure the protection of the natural environment while allowing the
residence and the use of its lands by traditional populations, with sustainable systems of exploitation and natural resource
management [9]. The first declared SDR was Mamiraua (1996), followed by Amana (1998); both in the Mid-Solimdes region,
in Central Amazonia [10, 11].

Many programs and projects have been implemented with the riverine people living in the Sustainable Development
Reserves in the Central Amazonia. This case of study aims to report and discuss the achievements and challenges of the
Sustainable Development Goals in the first two Sustainable Development Reserves: Mamiraua and Amana.
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2 Material and methods

The goals were evaluated in the two contiguous Sustainable Development Reserves (SDR), Mamiraua and Amana
(Fig. 2). The Mamiraud SDR was established in 1996, being the first of its category [10]; the Amana SDR was created
in 1998 [11]. In addition to being the first two of its kind, the Mamiraua and Amana SDR were used as cases due to
the large research programs developed in those areas over the last 20 years.

Mamiraud SDR is entirely formed by floodplain areas (vdrzea), while Amana SDR mostly encompasses non-flooda-
ble upland areas (terra firme). Together, they cover 34,740 km?, with 337 riverine communities and 16,339 inhabitants;
some of these communities have less than five houses, others more than 100 [7, 12]. These riverine communities
belong to the cities of Alvarées, Uarini, Fonte Boa, Jutai and Marad—Amazonas state, Brazil.

The 17 Sustainable Development Goals [2] were qualitatively evaluated on a local level according to the reality
of the Central Amazon'’s reserves. Targets related to other regions, biomes or realities (e.g. desertification) were not
considered. The three most related targets were mentioned in the opening of each goal; the cases connected to each
of the goals and targets were cited; and the most challenging targets were highlighted last. The information was
researched from books, articles and reports through keywords “Sustainable Development Reserve” (in Portuguese
and English), plus “Mamiraua” and/or “Amana”.

3 Results and discussion
3.1 SDG 1: No poverty

Goal 1 aims to “End poverty in all its forms everywhere’, with targets such as: (1.1) eradicate extreme poverty; (1.3)
implement social protection systems; and (1.4) equal rights and access to economic resources, basic services and
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Fig.2 Location of Sustainable Development Reserves Mamiraua (in red) and Amana (in orange), in the Central Amazon, Brazil
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technology [2]. Poverty is more than the lack of income and resources to ensure a sustainable livelihood. The eco-
nomic growth, as the social protection systems, must be inclusive to provide sustainable jobs and promote equality
[2].

The households in the riverine communities of Mamiraud and Amana SDR have an average of six members and an
average annual income around US$ 4600-5450—45% of which is derived from government benefits, 37% from family
production, and 17% from payments of wages and services [13, 14]. Despite the low family income, the monthly values
are higher than the Brazilian national minimum wage, and also higher than the average from the municipalities in the
region [7,11,12].

The management projects implemented in the Mamiraua and Amana SDR (such as the Fisheries Management and
Community-Based Tourism) have increased incomes over the years (Table 1). Areas where pirarucu (Arapaima gigas)
fishing management projects were implemented increased the average income of families by 15% (MSDI, 2011). The
financial stability of families is represented by the purchase of domestic goods, which are usually bought in cash in the
region’s towns. The tail motor (rabeta) is the most common domestic item in the communities, with usually more than one
per household; followed by a gas stove, television, bed, and cell phone—present in more than 65% of households [11].

Despite the low income, the biggest challenge to end poverty and vulnerability in rural Amazonia is to ensure that
social policies and protection systems (Targets 1.3, 1.4, and 1.5) fully reach the region, as the basic services—Health (SDG
3), Education (SDG 4), Water and Sanitation (SDG 6), Clean Energy (SDG 7), communication, social security and income
distribution, and access to land and use of natural resources for family maintenance. These are determining factors for
reducing inequalities and poverty.

3.2 SDG 2: Zero hunger

Goal 2 aims to "End hunger, achieve food security and improved nutrition and promote sustainable agriculture”, with
targets such as: (2.1) ensure access to safe, nutritious and sufficient food all year round; (2.2) end all forms of malnutrition;
and (2.4) increase sustainable food productivity [2]. Although Brazil has left the “Hunger Map”and hunger is not the main
problem for the local riverine population, food security issues are critical in Central Amazonia. The Brazilian protected
areas, including the SDR, aim to protect the natural resources necessary for the livelihood of traditional populations [9].

Manioc is the main source of carbohydrates for the river dwellers and other traditional Amazonian peoples; most of
the manioc is planted for artisanal manioc flour production, which is an important cultural part of the local diet [15].
However, in the floodplains the harvesting period is controlled by the water level; during the flood period it is not pos-
sible to plant as the water inundates the fields, and fishing becomes harder [16].

The management of pirarucu increased the fish productivity (from 3 to 650 tons per year, between 1999 and 2017) also
in addition to the natural stocks in the region [17]. Yet, the positive impacts of this management cannot be measured by
a single indicator: the protection of the lakes also benefits many fish species, including smaller species with great food
importance to the local communities.

Wild meat is other important protein source for rural Amazonian populations; however, uncontrolled hunting may
lead to a decrease in populations of some species—such as the paca Cuniculus paca [18]. Thus, it is necessary to quantify
the target fauna [19] and establish the management of the main hunted species [20]. The regulation and management
of subsistence hunting are imperative to ensure food security to the forest inhabitants and the wildlife resources on
which they depend.

Table 1 Projects developed in the Mamiraud and Amana Sustainable Development Reserves (SDR) and their connections with the Sustain-
able Development Goals (SDGs)

Projects Sustainable development goals

Fish resources management

Uakari lodge

Technological vocational center

Social technologies

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Discover Sustainability (2021) 2:54 | https://doi.org/10.1007/543621-021-00065-4 Case Study

Increasing incomes and better access to markets has improved the standard of living of riverine people; however, this
also induced changes in dietary patterns, such as the increase in the consumption of commercial chicken and industrial-
ized food over fish or other regional products—impacting the health of those communities. Thus, the main challenge
to improve the food security in this region is to avoid malnutrition (Target 2.2) through the incentivization of small-scale
sustainable food production (2.3 and 2.4).

3.3 SDG 3: Good health and well-being

Goal 3 aims to "Ensure healthy lives and promote well-being for all at all ages", with targets such as: (3.2) end preventable
deaths under five years of age; (3.3) end epidemics and neglected tropical diseases; and (3.7) universal access to sexual
and reproductive care, family planning and education [2].

Infant mortality is an indicator related to educational, health, and sanitation policies; while this rate in the region of
Mamiraua and Amanéa SDR was almost twice the Brazilian figure in 1991, the values equaled it in 2010 [12]. In 1991 the
infant mortality rate was 86 per 1000 live births; this rate dropped to 28 per 1000 in 2011 [12]. In 2014 this rate reached 15
per 1000 in some municipalities of the region [21]; and in 2018, was further reduced to 14 per 1000 live births—being for
the first time lower than the Amazonas State rate, 17 per 1000 [11]. Together with the reduction in infant mortality there
was also a reduction in the number of children per woman; from an average of 10in 2001 [22] to five children per woman
in 2018 [11]. Those improvements were a result of the continuing health-care education, such as adequate breastfeeding,
immunization, and other sexual and reproductive information [12], by working with traditional midwives in the region.

A vast diversity of biological species is found in the Central Amazon; many of them are vectors of pathogens or micro-
bial species and parasites associated with human diseases—such as malaria, leishmaniasis, schistosomiasis, helminthiasis,
and Chagas disease. Deforestation and land use and environmental changes affect the dynamics of these diseases [23].
Those diseases occur in combination with a large prevalence of gastrointestinal disorders in the region [21]. Each dollar
invested in water and sanitation saves 4.3 dollars in public health; specifically in Brazil, this cost-benefit ratio is 8.93 for
investments in sanitation and 2.5 for water [24]. Thus, Clean Water and Sanitation (SDG 6) improvements help to avoid
associated health problems [25].

The low level of education (illiteracy), the common presence of poisonous animals, the long-distance from urban
centers, and the natural conditions of the forest also aggravate the good health and well-being solutions to the riverine
people [21]. Thus, the main challenge is to combat especially the water-borne and other neglected tropical diseases
(Target 3.3) that are so common and associated with this region.

3.4 SDG 4: Quality education

Goal 4 aims to "Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all’, with
targets such as: (4.3) equal access to affordable technical, vocational and higher education; (4.4) increase in the number
of people with relevant skills for employment; and (4.6) universal literacy and numeracy [2].

In rural Amazonia many children have difficulty accessing formal schools, usually having classes in mixed-age class
primary schools in or near their communities. To attend high school, many students need to travel or move to the towns
and cities in the region [12]. The decrease in the high number of children per woman over the years [11] also influenced
the increase in the number of years of education of these young women, who do not need to drop out of school due to
pregnancy.

In the last 20 years many river dwellers received training to improve employment skills, such as the case of Uakari
Lodge—a Community-Based Tourism (CBT) project in the Mamiraua SDR [26]. In the lodge locals provide services as
managers, local guides, boat drivers, janitors, maintenance workers, waiters, cleaners, and cooks. Thus, residents from
the communities in the region that work in the Uakari Lodge receive training to improve their experience with the
guests (including many foreigners), such as English language skills; food and beverage preparation; birdwatching and
photography skills; and solar energy maintenance [27].

Technological Vocational Centers (CVT) are Brazilian educational units focused on the dissemination and transfer of
scientific and technological knowledge—currently with more than 400 operating in Brazil [28]. The “Social Technologies
of Amazonian Floodplain” CVT was created in 2013, in the Central Amazon, and aims to train young people on the sus-
tainable management of natural resources in the protected areas, and to implement improvements in the quality of life
of the residents of their traditional communities (including the river dwellers). The candidate students are nominated by
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their communities or organizations, receiving a scholarship for their maintenance in the town during their studies—and
returning to their communities by the end of the program to implement their projects (Table 1).

The major challenge in this rural region is to reach universal primary and secondary (and especially university) educa-
tion to all the people (Targets 4.1, 4.2, 4.3), partly due to the logistic difficulty in this rainforest region. Promoting quality
education in the rural areas is a world challenge.

3.5 SDG 5: Gender equality

Goal 5 aims to "Achieve gender equality and empower all women and girls", with targets such as: (5.1) end all forms of
discrimination; (5.5) ensure women'’s full and effective participation and equal opportunities for leadership; and (5.A)
give women equal rights to economic resources [2].

The typical gender division of household labor has a sexual asymmetry in rural Central Amazonia; hunting and fishing
are traditionally a responsibility of men, whilst house and child care are of women—Dboth participating in agricultural
activities. Thus, in the past women had a limited labor market insertion and poor access to money, in a position of sub-
ordination and dependence on men [29].

The Fisheries Management is an artisanal, family-centered, and sustainable activity that has been historically associated
with male labor in the Central Amazon. Nowadays women have autonomy and protagonism in all stages of this fishing
activity, as well as in the Associations; the gender equity is currently registered in the Internal Rules of the Arapaima
Management Project [30]. In 1999 there was no formal participation of women in these fishing activities; in 2017 women
were active in 10 of the 12 projects, representing 38% of beneficiaries [17].

The ecotourism in Mamiraud SDR (as the Uakari Lodge) also increased household and women’s income (with trade
and labor) and consequent women’s economic independence, autonomy, and empowerment (Table 1). Although ini-
tially playing typical social roles (such as cleaning and cooking), within a few years women were acting as tour guides
and managers [29].

Handicrafts are traditionally produced and marketed by women at Amana SDR. In addition to an economic alterna-
tive, the organization and strengthening of these groups of women artisans is a political project to empower and build
a regional, social and environmental identity and visibility of traditional lifestyles—with women as protagonists [31].

The women in the region are increasingly participating and leading labor associations and studying longer to look
for new opportunities. Nevertheless, despite the advances in women's empowerment in those activities, there are still
barriers with the routine, home and childcare activities (Target 5.4)—Ilargely associated with women’s work in these
regions for patriarchal reasons [30]. Eliminating all forms of discrimination (Target 5.7) and ensuring equal opportunities
for leadership (5.5) are constant challenges.

3.6 SDG 6: Clean water and sanitation

Goal 6 aims to "Ensure availability and sustainable management of water and sanitation for all’, with targets such as:
(6.1) safe and affordable drinking water; (6.2) achieve access to sanitation and hygiene and end open defecation; and
(6.B) support and strengthen the participation of local communities in improving water and sanitation management [2].

Paradoxically, Amazonian populations live in a region with water abundance, but have difficulty accessing potable
water [12]. Until the early 2000s, over 90% of people in riverine communities had no piped water, transporting it from
the nearest river to their homes in buckets or bottles [32].

A water supply system implemented in many riverine communities of the Central Amazon floodplain (e.g. Mamiraua
SDR) has a photovoltaic pump over a floating wooden raft and a water tank on a high timber stand; rainwater is also
commonly collected and used in these regions. Community residents participate in the entire assembly process (includ-
ing the construction of towers and rafts with local timber) and in the maintenance of the systems, appropriating the
technologies [32]. Through this system it was possible to bring piped water into households, reducing physical effort
(especially for women, who traditionally performed such work). Water supply and sanitation technologies even influence
the reduction of rural exodus in these regions [6, 33].

Open defecation (or untreated) is still common and cultural in riverine communities in Central Amazonia. Pit latrines
are the most common type of sanitation found in these rural communities—being underwater in the flood seasons;
experimental dry toilets (two-chamber) were implemented in some communities, but the technology was not appropri-
ated by these populations [33, 34].
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Despite all efforts, there is still a lack of adequate water supply and sanitation solutions for the riverine people of Cen-
tral Amazonia [32]. The flood-pulse of the floodplain creates complex conditions for adequate access to water treatment
and sanitation solutions (Targets 6.1, 6.2, and 6.3); the absence of electricity also hampers the implementation of some
technologies. Point-of-Use solutions to household water treatment are encouraged to compensate the deficiencies in
the system. However, to end open defecation (Target 6.2) it is necessary to improve public policies, sensitizing residents,
and developing adapted technology.

3.7 SDG 7: Affordable and clean energy

Goal 7 aims to "Ensure access to affordable, reliable, sustainable and modern energy for all *, with targets such as: (7.1)
universal access to modern energy; (7.2) increase in global renewable energy; and (7.A) promote access to research,
technology and investments in clean energy [2].

The traditional source of electricity in many rural communities of the Amazon is generators (fueled by diesel or gaso-
line), usually limited to an average of four hours of use per day. Conventional distribution systems in the Central Amazon
are impeded due to the environment, the remoteness of areas, and the low population density [35]. Thus, solar energy has
been recommended for this tropical region as early as in 1998 due the benefits outweighing the cost of installation [32].

Even with power limitations, home solar systems improve the standard of living of riverine people—enabling the use
of lighting, television, radio, and reducing the use of candles and kerosene lamps. Solar energy also improved schools and
allowed access to the internet in some communities [35], beyond the photovoltaic pump used in the water supply [32].

Nowadays, the riverine communities of Central Amazon are using photovoltaic panels as a power source in homes,
schools, soccer field lighting, community radios, fruit pulp processing, and ice machines (MSDI 2019b). The current main
challenge is to disseminate these technologies (Targets 7.1, 7.2, and 7.3), stimulating the local commercialization of their
components (focused on the main household uses and with appropriate cost for these populations)—bringing light to
all and replacing traditional generators.

3.8 SDG 8: Decent work and economic growth

Goal 8 aims to "Promote sustained, inclusive and sustainable economic growth, full and productive employment and
decent work for all', with targets such as: (8.2) economic productivity through diversification, technological upgrading
and innovation; (8.7) eradicate forced and child labor and modern slavery; and (8.9) promote sustainable tourism that
creates jobs and promotes local culture and products [2].

The debt bondage was very common in the Central Amazon, especially during the "Rubber Boom". This system was a
closed economy of debts and barter—in a relationship of dependence and subordination. The patrons (bosses) were the
only links with the market, profiting on both ends [36]. Nowadays the inhabitants of the Central Amazon have freedom
of trade, buying and selling their products in the nearby towns and cities.

Fishing is one of the most traditional economic activities in the riverine communities in Central Amazonia (as in
Mamiraud SDR). The management of pirarucu generated revenue increases from US$ 6000 in 1999 to US$ 850,000 in
2017; and the number of fishers started from 41 in one area, to 1590 in 12 areas, 43 communities, three fishing colonies,
and one association in the same period. During this period 5,000 tons of pirarucu were produced, reaching the national
market [17].

Community-Based Tourism (CBT) supports the economy by employing people in their local livelihoods—benefiting
their quality of life, enhancing their culture, and contributing to the development and the sustainability of their com-
munities and their environment [37]. The Uakari Lodge promotes sustainable ecotourism in the Mamiraud SDR (Table 1),
with the direct involvement of local communities in the activities, as well as providing services and selling local products
[26]. This CBT case increased the income from around US$ 1500 in 1998 to around US$ 90,000 in 2011—and from 17 to
81 families involved in the same period (MSDI, 2011).

The recognition of geographical indication and designation of origin of products, such as the Uarini manioc flour [38],
adds value to traditional local products. The future designation of origin of pirarucu from Mamiraua SDR will increase
value of the product and open new markets as well. Also, the organization and valorization of local handicrafts expands
the markets and the income generation to the traditional artisans [31].

The continuous protection of the Central Amazon rainforest is of a paramount importance, as it represents the sus-
tainability of tourist attractions, socio-cultural resources, employment and the quality of life of its residents. The current
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challenge is to maintain this sustainable economic growth (Targets 8.1 and 8.2) to improve the quality of life of these
forest people.

3.9 SDG 9: Industry, innovation and infrastructure

Goal 9 aims to "Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation’,
with targets such as: (9.1) develop sustainable infrastructure; (9.2) promote inclusive and sustainable industrialization;
and (9.C) increase access to information and communications technology [2]. Beyond the difficulties to infrastructure and
industrialization that occur in rural areas, the Amazon exacerbates these problems, with a giant territory that challenges
the logistic of the production chain. Products in Central Amazonia are commonly marketed in natura (such as fish, fruits,
and wood) or processed with low-tech and without standardization—such as natural oils [39]. Such production usually
lacks adequate infrastructure support, as with the pirarucu fish [40] and manioc [41].

Quality control of fish production has been the target of several institutions, strengthening the supply chains to small
scale industrialization and market access. This led to the development of suitable solar-powered infrastructure for pro-
cessing, and good practices [42] such as ice production for fish preservation [43], and product traceability (Origens Brasil).
To facilitate wildlife exploitation (fish and caiman), floating processing structures have been developed in the Mamiraua
SDR, adapted to the reality of the local setting by using solar energy and treated rainwater.

The definition of good practices in the process of extracting oil from andiroba Carapa guianensis seeds [44], and the
development of equipment for this purpose are also advances to reduce processing time and improve product quality.
Similarly, a fruit pulp processing plant with a solar cooling system was installed at Amanéa SDR, producing more than a
ton of fruit pulp in 2018.

Despite the advancements, challenges remain in the absence of consolidated adequate infrastructure—such as elec-
tricity, communication, and logistics (Targets 9.1, 9.2, and 9.C)—in the development of a business social-oriented sector,
in the access to better markets for processed products, in the competition with products of illegal or non-sustainable
origins, and in the slow and complex licensing processes.

3.10 SDG 10: Reduced inequality

Goal 10 aims to "Reduce inequality within and among countries’, with targets such as: (10.2) empower and promote the
social, economic and political inclusion; (10.3) ensure equal opportunities and end discrimination; and (10.B) encourage
official development assistance and financial flows [2].

As previously mentioned, Brazilian SDR aim to promote biodiversity conservation, while ensuring the conditions
for improving the quality of life of traditional populations [9]. Many projects raised national and international funds to
improve the health, welfare, and income of the Amazonian riverine people that live in reserves, such as the Mamiraua
and Amané SDR.

Currently, each community from Mamiraua and Amana SDR has an organizational structure and political associations
for decision making [45]. These organized groups build and implement their own rules to occupation, management, divi-
sion of extraction quotas and profit, or even the application of penalties. Profits from CBT in the SDR are shared among
the involved communities—considering the participation, ecotourism activities, and the rules of natural resources [46].

In the fisheries management initiatives, the sharing of the quotas is carried out by fishers'associations and obey criteria
collectively defined in assembly meetings. Initially, the quota is divided equally among the participants; however, those
who performed the most activities on behalf of the system (accountants, management, wardens) earn an additional
percentage, and those who breached the rules are penalized by reducing their quotas [47].

Over the years, civil society organizations have helped associations to gain access to public policies, such as closed
season insurance and the definition of minimum prices for fishing. Despite the achievements, many challenges still exist
in economic (Target 10.1) and political (70.4) inclusion realms in this region.

3.11 SDG 11: Sustainable cities and communities

Goal 11 aims to "Make cities and human settlements inclusive, safe, resilient and sustainable", with targets such as: (11.1)
ensure access to adequate, safe and affordable housing and basic services; (11.4) strengthen efforts to protect and safe-
guard the natural heritage; and (11.C) support sustainable and resilient buildings utilizing local materials [2].
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The riverine people typically live in wooden houses near the rivers, in communities usually without roads connecting
them. In the floodplain these residences are stilt-houses or floating-houses commonly built by the inhabitants themselves
with regional wood, in a sustainable way; the traditional thatched roofs have been replaced with corrugated fiber cement
or aluminum sheets over time, because they are safer (avoiding animals and insects) and more durable [12].

Until few years ago, those houses had no power, no water supply system, and no sanitation improvements; energy
was limited to generators, water was taken directly from rivers, and open defecation was a common practice. Currently,
domestic solar systems (SDG 7), as well as water and sanitation facilities (SDG 6), are becoming more common in Central
Amazonian communities [12, 32, 34].

Despite the typical sustainable lifestyle of the riverine people, the biggest challenge in this region is the distance from
the urban centers (Target 11.2 and 11.6)—making the access to some technologies (such as solar panels) or materials (to
water supply and sanitation systems) difficult. The transport in the rural areas of Central Amazon is limited to boats; so,
it increases the prices of those non-local materials and hinders a quickly spread throughout the communities. Also, the
dissemination of the tested technologies in this region is still a constant challenge.

3.12 SDG 12: Responsible consumption and production

Goal 12 aims to "Ensure sustainable consumption and production patterns’, with targets such as: (12.2) achieve the sus-
tainable management and efficient use of natural resources; (12.5) reduce waste generation; and (12.A) support scientific
and technological capacity for sustainable consumption and production [2].

To this day manioc flour and fish remain the staple diet of Amazonia’s riverine population [48], and are the main
sources of carbohydrates and protein respectively. Moreover, wild meat is also important, particularly during fishing
lean seasons [16, 49]. A central component of the manioc production in this region is fire [50], which can escape from
cultivation areas and cause large-scale forest fires. Furthermore, overharvesting to feed the increasing food demand has
resulted in declines in aquatic [51] and terrestrial [52] wildlife populations across the Amazon.

Deforestation from small-scale agriculture is insignificant in comparison to that of large-scale cattle ranching and
soya production, yet the impact of escaped fires can be huge, particularly in the context of climate change and the
associated dry conditions. Agroforestry systems have been evaluated in the Amana SDR (upland) to reduce the impacts
of this management, while maintaining local production [15]. In good production practices for Uarini manioc flour, the
use of pesticides is prohibited and agroecology practices are encouraged [38]. However, the lack of use of fire to clear
the fields is still a cultural barrier for this population [15].

Community-based management has seen some of the greatest successes for the recovery of wildlife populations in
the Amazon [53, 54]. Following great past social and ecological successes with fisheries management [17], the region
is working on developing management programmes for caiman and terrestrial wildlife; the pilot management of wild
black caiman Melanosuchus niger was undertaken in March 2020, with 28 animals, resulting in 600 kg of meat sold in
the town of Tefé.

To develop these management schemes it is necessary to determine sustainable hunting rates through researching
fundamental biology such as generation lengths [20], develop safe meat preparation processes, encourage participa-
tory mapping and management area zonation, conduct biological population monitoring [55], and train the riverine
people in the practicalities of terrestrial wildlife management, which aims to support local food security [56]. There is a
potential for participatory research (Target 12.A) with local populations in formulating well-informed decisions for the
conservation of natural resources and economic alternatives focused on the conservation of human-natural systems [57].

The riverine people from the Amazon Rainforest used to live sustainable lifestyles. Despite this, an adequate manage-
ment of the non-organic wastes (Target 12.5)—especially those derived from the goods bought in the city’s markets—is
a constant challenge due the absence of waste public services in the rural areas.

3.13 SDG 13: Climate action
Goal 13 aims to "Take urgent action to combat climate change and its impacts", with targets such as: (13.1) strengthen
resilience and adaptive capacity to climate-related hazards; (13.3) improve education, awareness-raising and human

capacity on climate change adaptation; and (13.B) promote mechanisms for raising capacity for effective climate change
[2].
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Records indicate changes in the Amazon River discharges over the last decades, associated with El Nifio and La Nifa
anomalies and climate change [58]. To anticipate changes in floodplain water levels in the Mamiraua SDR, monitoring
has been developed since the early 1990s [59].

Although the riverine residences in the Amazon floodplain are typically well adapted to the water flood pulses (stilt-
houses or floating-houses), climate change may increase the water level and the natural erosion of the banks — locally
called terras caidas ("fallen lands"). These landscape events often force the displacement of settlements to new areas
[6]. Stilt-houses are currently about 1.5 m high, and may become higher in the future if those populations choose not to
move to other areas. Floating-houses have benefits under water level fluctuation conditions, but also a higher cost to
construct [12]. Yet, some technologies applied in the riverine communities of the floodplains are currently adapted to
the flood pulses, such as the water supply photovoltaic pumps over floating wooden rafts [32].

The riverine communities are dependent on rivers for their livelihoods; thus, they would be impacted by changes in
the rainfall patterns or water levels. Some of these Amazonian communities already report perceptions of climate change;
this fact can influence local farming practices, such as their agricultural calendars are based on hydrological seasons
[60]. Climate change would also threaten mammal species of the Amazon floodplain, such as the Black-headed squirrel
monkey (Saimiri vanzolinii), an endemic species which whole distribution is within Mamiraud SDR [61]; this primate will
need to adapt to sudden changes in their habitat or migrate to other areas—otherwise could be extinct [62].

Climate action is a world challenge. The Central Amazon rainforest is one of the most protected areas, especially within
the reserves, such as Mamiraua and Amana SDR. The main challenge there is to help people living in those areas to adapt
to the changes (Targets 13.3 and 13.B).

3.14 SDG 14: Life below water

Goal 14 aims to "Conserve and sustainably use the oceans, seas and marine resources’, with targets as: (14.2) sustainably
manage and protect ecosystems; (14.4) regulate harvesting and end overfishing, illegal and destructive fishing practices
and implement science-based management plans, in order to restore fish stocks; and (14.A) increase scientific knowledge
and research capacity [2]. Although Central Amazonia has no borders with the sea, it may be considered a water world
due to the Solimdes River basin. The influence it exerts over environment, biota and people due to its overwhelming
volume (annual water level variation over 12 m) and sediment load is highly significant.

Amazonia has a rich ichthyofauna with around 2,700 fish species listed [63] and new species being described every
year, with up to 8,000 estimated. Despite this wealth, less than 10% (200 species) of the listed species are commercial-
ized—with 6 to 12 species representing more than 80% of fish landings to the main ports of the region [64]; this has
resulted in overfishing of some species, such as the tambaqui (Colossoma macropomum) [511.

The increased urban demand for fish in the 1970s created a fishing pressure on the floodplains and caused a decline
of some species stocks [36]. Participatory fisheries management has promoted (since 1999) an increase of wild stocks of
pirarucu of the order of 68 times in the Central Amazon managed areas. This management provided price control and
better access to markets for the fishers, increasing income by almost 270 times over the years [17].

Four of the five genera of Amazonian aquatic mammals (manatees, pink and tucuxi dolphins, giant otters) are under
some level of threat [65, 66], with Neotropical otters requiring further research. After the end of the commercial hunt-
ing period, manatees (Trichechus inunguis) are still culled throughout the region on a subsistence level [67]. Current
threats include entanglement of manatee calves in fishing gear, which has generated a number in excess of 100 animals
in legal captivity. In the Amana SDR an innovative community-based rehabilitation center in a natural setting within a
protected area was implemented, with the release of twelve animals in the shortest period possible back into the wild.
Accidental gillnetting is also the major issue with river dolphins (Inia and Sotalia) at this time, so awareness and research
activities are being implemented. The recovery of giant river otter populations was first documented in the Amana SDR
[68] and reports of conflicts with fishers are currently common in Amazonas state [69]. Contrary to some other species
of freshwater wildlife, aquatic mammals’ biological attributes (slow reproduction, small number of offspring, delayed
reproduction, long life span) mean that they cannot undergo commercial management; conservation of these species
require custodial management with full protection.

Past uncontrolled extensive exploitation also drastically reduced the wild populations of caimans (Melanosuchus
niger and Caiman crocodilus) and river turtles (Podocnemis sextuberculata, P. unifilis, P. expansa) in Central Amazon. The
prohibition of commercial trade allowed caiman populations to slowly recover [70], enabling harvesting management by
riverine communities. The protection of river turtle nests has been taking place in some mid-Solimées riverine beaches
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for more than 20 years; this was an initiative proposed by the riverine communities to recover their populations, impor-
tantin their diet [71].

Currently the Central Amazon has many protected areas and management programs, as in the Mamiraua and Amana
SDR.The main challenge now is to maintain this protection and combat illegal and unregulated fishing (Target 14.4 and
14.6); either by economic benefits (74.7) and/or better access to markets (74.B) for those species that support it. The
increasing pollution by microplastics is also a challenge in the Amazon region; its presence has already been confirmed
in several species of Amazonian fish commonly consumed by the local population [72]. Plastic ingestion was already
reported as the probable cause of death of an Amazonian manatee [73].

3.15 SDG 15: Life on land

Goal 15 aims to "Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests,
combat desertification, and halt and reverse land degradation and halt biodiversity loss", with targets such as: (15.2)
promote the implementation of sustainable management; (15.5) reduce the degradation of natural habitats, halt the
loss of biodiversity, and protect and prevent the extinction of threatened species; and (15.C) combat poaching and traf-
ficking of protected species, including by increasing the capacity of local communities to pursue sustainable livelihood
opportunities [2].

The Brazilian Amazon holds a significant biodiversity, and has 28% of its territory designated as protected areas [8].
Amazonia is the Brazilian biome with the most mammal species (399), and 58% are strictly Amazonian. Among these
399 species, there are 146 Chiroptera, 92 Primates, and 18 Carnivora [74].

Eleven primate species from five families live within the boundaries of the Mamiraud SDR [62]. The black-headed
squirrel monkey constitutes an example of extreme endemism, with one of the smallest geographic distributions of
all Neotropical primates—around 870 km? [61]; thus, it is listed as Vulnerable on national and international threatened
species lists [65, 66].

Twenty-one medium and large sized terrestrial mammals were recorded in the area of Mamiraud and Amana SDR—
among the 51 species registered in the entire Amazon; the presence of these species demonstrates the effectiveness of
wildlife conservation in large protected areas [75], as nine of these are considered Vulnerable on national and interna-
tional threatened species lists [65, 66].

One of the mammal species registered in the Amanéa SDR (non-flooded upland area) is the paca; despite being con-
sidered as Least Concern [65], its populations are decreasing due to the uncontrolled hunting by the riverine people for
subsistence consumption [18]. Thus, management programs of this species have been considered, with the participation
of local communities, to maintain the livelihoods of the riverine people [20].

Almost 74% of the 92 Brazilian mammals described over the last 20 years are currently considered to be restricted to
Brazil, and 53% have restricted ranges; most of them are from Amazonia, and many species have yet to be found [74].
Thus, protecting all this biodiversity is the main challenge in this region—requiring resources and incentives to its con-
servation and management (Targets 14.A and 15.B).

3.16 SDG 16: Peace and justice strong institutions

Goal 16 aims to "Promote peaceful and inclusive societies for sustainable development, provide access to justice for all
and build effective, accountable and inclusive institutions at all levels", with targets such as: (16.7) ensure inclusive and
participatory decision-making at all levels; (16.10) ensure public access to information, and protect fundamental free-
doms; and (16.B) promote and enforce non-discriminatory laws and policies for sustainable development [2].

The SDR concept [9] was a novelty when created (in 1996), since protected areas traditionally remove the people who
live within them. Despite the permission for people to live inside the reserve, in the first SDR the residents initially did
not have any type of official documentation that regularized their presence in the territory, nor that guaranteed them
the right to be there and to explore the resources found there [10].

At the inception of the SDR, some areas supposedly belonged to some self-appointed "owners" of the lands [10]; how-
ever, in the Brazilian environmental law, the areas around the rivers are considered as Union Heritage sites. This rural land
insecurity is being solved with the Concession of Right of Use, issued for the possession of families in a small portion of
the territory where the dwelling is located. Nevertheless, in these SDR there are home domain territories (house, garden,
farm) and community domain territories [10]. Thus, these deeds need to be adapted to this reality.
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The community participation model was chosen by the residents of the Mamiraua SDR for the management of the
reserve, through general assemblies and associations meetings [10]. The members and participants are strengthened
through cooperation (local and international) and knowledge training in many areas. The pending land tenure regulari-
zation and the management difficulties are still major challenges.

SDR have existed in Brazil for almost 25 years, reaching more than one generation of riverine people in Central Amazon.
Nonetheless, fundamental freedoms and policies (Targets 16.10 and 16.B) are a continued challenge.

3.17 SDG 17: Partnerships to achieve the goals

Goal 17 aims to "Strengthen the means of implementation and revitalize the global partnership for sustainable develop-
ment", with targets such as: (17.7) promote the development, transfer, dissemination and diffusion of environmentally
sound technologies; (17.16) enhance global partnership to support the achievement of the sustainable development
goals; and (17.17) promote effective public, public-private and civil society partnerships [2].

Many social organizations raise funds from national and international sources to invest in research and extension
projects in the Central Amazon region. Those projects involve water and sanitation (SDG 6), social technologies (SDG
7), community-based tourism (SDG 8), wildlife conservation (SDG 14), forest management (SDG 15), and corresponding
areas. These projects act in multisectoral partnerships with universities, institutes, foundations—connecting scientific
and technical knowledge with the traditional knowledge of river dwellers and the forest people (Table 1).

The projects developed in Central Amazon are linked, directly or indirectly, with all of the Sustainable Development
Goals (SDG); these results have improved the lives of thousands of riverine people that live in the midst of the Amazon
Rainforest—while allowing wildlife conservation. The effects are immeasurable; and funding is required to continue this
development. Thus, the main challenge is to maintain cooperation with science, technology, innovation, and knowledge
sharing (Target 17.6) and dissemination of environmentally sound technologies (77.7) through multi-stakeholder part-
nerships (17.16 and 17.17).

4 Conclusions

The seventeen Sustainable Development Goals have a clear connection with the Sustainable Development Reserves in
Central Amazon.

Despite the many achievements conquered over the years, there are many challenges yet to reach; and while striv-
ing to achieve the goals from the 2030 Agenda, new challenges will emerge. The current main challenges to reach the
Sustainable Development Goals in the Mamiraua and Amana Sustainable Development Reserves, in Central Amazon,
are connecting to the reality of rural areas.

Yet, the Amazon Rainforest is a water world, creating even more complex conditions to spread sustainable develop-
ment. The Amazonian riverine people have a traditional sustainable livelihood; thus, it is important to find the balance to
the improvement of their welfare. Unfortunately, the COVID-19 pandemic will create even greater difficulties to achieve
the objectives and targets on time in this region.
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