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Objective: to analyze basic aspects of the management of Arapaima gigas (pirarucus) in seven
Protected Areas and to evaluate the impact of the change in the legislation of the minimum
capture size on the gross revenue of the Management Units in the State of Amazonas, Brazil.
Material and Methods: the study was carried out in nine Pirarucu Management Units (UMP),
linked to seven Protected Areas in the State of Amazonas, four of them Sustainable Development
Reserves (RDS), Extractive Reserve (RESEX), Indigenous Land (TI) and a fisheries agreement
(AP). Data collection occurred in the catches of Arapaima gigas, in the period corresponding to 4
years, and their respective weights were measured, by size classes. Results: The sum of Arapaima
gigas (pirarucus) totaled 29,245 specimens. Of this total, the majority (49%) were captured in the
third year of the survey. The quantities collected in the first year (22%) and in the second year
(28%) were similar. The weight totaled 1,572.96 tons, with 50% of this total collected in the third
year of the survey. The tonnages produced in the first and second surveys were also similar. The
gross revenue resulting from the sale of Arapaima gigas, in the period of 4 years, was R$
8,651,302.00 (eight million six hundred and fifty-one thousand three hundred and two reais), 91%
of which came from four UMP, located in the Middle Rio Solimdes region. Conclusions: the
results of this study can contribute to the improvement of participatory regulatory frameworks,
which strengthen the control instruments over the management of Arapaima gigas (pirarucu) and
the management of protected areas in the State of Amazonas, Brazil.
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unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

[Bodmer, 1994]. The Central Amazon is an example of this
fragility, exposing the difficulties of reconciling the protection

Throughout the history of environmental protection, the
conservation of tropical forests has been one of the greatest
challenges for societies on the planet, due to the delicate
balance between market demands, the need to generate goods
and services and the state of need for human populations that
reside inside and exploit their natural resources. In addition,
they are complex and fragile ecosystems with different
capacities for adaptation and resilience to climate change

of its great biological diversity, which exhibits a high level of
endemism, with the elementary needs of human life. The
preservation of the Amazon has received attention from
traditional populations in the implementation of instruments
for the sustainable use of their forest, wildlife and fishing
resources [Redford, 1987]. The sustainable management of
natural resources in the Amazon is quite complex and faces
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obstacles regarding the prevention and control system, which
has not safeguarded the necessary effectiveness on the
performance of the monitoring and inspection service, thus
contributing to the reduction of the abundance of some species,
like the Arapaima gigas (pirarucu) [Browder, 1992]. However,
traditional populations living on the banks of lakes and rivers
have been developing adaptive and participative management
strategies since the 1980s, aiming at the sustainable use of
their forest, wildlife and fishing resources [Redford, 1987]. In
the state of Amazonas, the economic management of
Arapaima gigas represents an important strategy for
environmental conservation and income generation, becoming
an alternative for the sustainable use of this fishing resource, in
the aquatic environments of this State. The political decision to
implement the Arapaima gigas management regime in
Protected Areas in the State of Amazonas represents a strategic
and promising conservation initiative [Bessa, 2010]. The
administration of management in Conservation Units (UC)
tends to be more complex, mainly in the socio-environmental
scenario of the Amazon, due to the involvement of biological,
social, economic and political dimensions [Da Silveira, 2006].
As a general rule, the management regime implemented in
Protected Areas, in the State of Amazonas, is characterized as
an adaptive and participatory process, based on the
precautionary principle in relation to stocks. However, the
relevance of the social, ecological, biological, political and
economic dimensions must be considered as determinants for
the improvement of regulatory frameworks that take into
account regional conditions [Araripe, 2013]. In this logic,
community participation requires greater integration from the
manager in the implementation of the management steps,
which must interact with the social, economic, ecological and
biological dimensions. Community-based participatory
management has generated significant contributions to
conservation. Among these contributions, we identify the
advances in the ordering of species fishing under the
management regime. Community participation has also
registered advances in participatory zoning, Arapaima gigas
counting for quota authorization and, mainly, in community
surveillance, an essential tool for the prevention and control of
management [Castello, 2004]; [Figueiredo, 2013]. It is evident
that the formulation of legal norms for the management of
Arapaima gigas, considering the current management model,
requires management bodies to allow the management of the
activity based on knowledge of the biological, economic and
social dimensions, through elaboration, execution and
monitoring of the adoption of criteria for the use of fishing
resources, according to the Amazonas State Center for
Conservation Units - CEUC. The establishment of rules
ensures not only the receptivity of the community, but above
all the adoption of good practices by the user public, so that
management on management is efficient and does not threaten
the stocks to be exploited and the biological diversity of
ecosystems [Da Silveira, 2012].

Initiatives to formulate regulatory frameworks for the
conservation of Arapaima gigas occurred initially in 1975,
with the inclusion of Arapaima gigas (pirarucu) in the list of
protected species. In 1989, the minimum size was regulated,
and in 1991 the reproductive defenses were standardized [10].
However, such measures have shown low effectiveness at the
level of control, making researchers, managers, technicians,
NGOs and fishing communities increasingly critical of the
future of conservation and expressing concerns about reducing
the abundance of Arapaima gigas in the Amazon, promoted by

illegal fishing [Castello et al., 2009; Castello, 2010]. And in
this context of analysis, the management of Arapaima gigas,
developed in Amazonas, shows weaknesses in the
implementation of important management instruments, as the
inspection has rarely been effective, allowing uncontrolled
illegal fishing. This low effectiveness is directly linked to the
reduction of budgetary and human resources [Castello et al.,
2011b]. On the other hand, the low level of integration in the
stages of implementation, analysis and evaluation of
monitoring data and other control instruments, has enabled
most of the collections of Arapaima gigas to be violating the
efficient management policy, leading to populations wild
Arapaima gigas to become over-exploited and declining in
much of the Amazon basin [Castello, 2011a]. This fact has
contributed to the fact that formulators, managers and
managers have limited access to the information necessary for
the adoption of prevention, remediation and control. This
limitation also interferes with services for the dissemination of
good practices among fishermen. Most populations, in the
wild, are now limited to community-based management areas
[Castello et al., 2011a]. The deficiency in the integration of
prevention and control actions, among managers, at the three
levels of government, has hampered the conduct of Arapaima
gigas management units and has weakened the administration
of Protected Areas, and mainly, has hampered the
maximization of efforts by co-managers on the management of
Arapaima gigas.

The deficiency in the integration of prevention and control
actions, among managers, at the three levels of government,
has hampered the management of Arapaima gigas
management units and has weakened the management of
Protected Areas, and mainly, has hampered the maximization
of efforts by co-managers, on the management of Arapaima
gigas. The low effectiveness in complying with the rules of
minimum size and reproductive closure has made fishing an
unsustainable practice, negatively impacting Arapaima gigas
populations in most of the Amazon [Bayley, 1989; Castello,
2013]. The evidence that all stages fulfill a certain function in
relation to the dimensions that involve management, in the
same way that compliance with the instruments for their
management is essential for their sustainability. On the other
hand, noncompliance with these basic rules has caused a
reduction in the density of Arapaima gigas, in lakes in the
Amazon, from being the dominant fish in fisheries, a century
ago, to be an increasingly rare fish [Castello, 2011a; Bayley,
1989]. Despite this dynamic, the Arapaima gigas remains a
symbol fish of the Amazon. Although many other fish are
important, few stand out in their importance as the Arapaima
gigas, being the fish of most interest to the riverside
populations [Crampton, 2004]. The available information
indicates that the lack of management is the main cause of the
unsustainability of Arapaima gigas fishing. The development
of the new Arapaima gigas management model in the
Mamiraua Sustainable Development Reserve (RDSM), based
on the Arapaima gigas counts, carried out by the fishermen
themselves, represents an important advance towards the
conservation of the species. But, in isolation, it is not enough
to guarantee the desired sustainability status for the exercise of
the management regime in Protected Areas in the Amazon
[Castello, 2011b]. The general objective of the study was to
analyze basic aspects of the management of Arapaima spp.
(pirarucus) in seven Protected Areas and to evaluate the impact
of the change in the legislation of the minimum capture size on
the gross income of the Management Units in the State of
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Amazonas, Brazil, and as specific objectives to verify how it
varied, between years and Management Units, the number of
specimens caught, the mass sold and the gross income
obtained from the sale and how the size structure of the
captured Arapaima gigas varied between Management Units.
The study was carried out in seven Protected Areas in the State
of Amazonas, with four Sustainable Development Reserves
(RDS), an Extractive Reserve (RESEX), an Indigenous Land
(TI) and a Fisheries Agreement (AP). The Fisheries
Agreement of this study is a territory regulated by legal norms
of the State of Amazonas, being then considered a protected
area in which the management regime is allowed.

KEY ASPECTS OF ARAPAIMA GIGAS (PIRARUCU)

Arapaima gigas mainly inhabit floodplains, including forests,
rivers, lakes and canals. Its geographical distribution is
generally determined by barriers, such as waterfalls with
strong currents that impede its passage. Environments with
weak or no current, such as lakes, are preferred by Arapaima
gigas, which perform lateral migrations in the lake system,
following the flood pulse [Castello, 2008a; Lowe-Mcconnell,
1964]. The Arapaima gigas is a top predator of the trophic
chain, being primarily a piscivore, generally preying on small
fish, especially detritivores or omnivores [Sanchez, 1969;
Queiroz, 2000]. However, a recent study, using nitrogen
isotopes, indicated a tendency to omnivory. Arapaima gigas
grows fast and reproduces relatively early [Arantes et al.,
2010]. In environments where there is no fishing or where the
minimum catch size is respected, the Arapaima gigas grows
up to 88 cm in length in its first year of life, 123 cm in the
second year, 154 cm in the third year, 174 in the fourth year,
and 188 in its fifth year of life [Arantes et al., 2010]. In the
Solimdes River, the female of the Arapaima gigas reaches
sexual maturity from 157 cm in total length and at the age of
three [Arantes et al., 2010]. In the Tocantins River, the first
maturation of the Arapaima gigas is reached in the range of
145-154 cm and 115-124 cm of female and male CT,
respectively [Godinho et al., 2005]. However, Arantes et al
[Arantes et al., 2010] showed that the selectivity of fishing
with harpoon and mesh net tends to decrease the speed of
growth of the Arapaima gigas population, due to the removal
of larger individuals that grew faster, among those of the same
cohort. Thus, the growth of Arapaima gigas is also affected by
fishing practices and equipment. During the dry season,
Arapaima gigas form couples, and when the level of rivers
rises, couples build nests on the banks of the flooded forest
that surrounds the environments of the channel lakes [Castello,
2008a; Castello, 2008b]. The Arapaima gigas couple deposits,
fertilizes, and takes care of the eggs until they hatch. There are
indications that the genus can make multiple spawning in the
same year [Luling, 1964; Neves, 1995]. The male takes care of
his offspring, and migrates to the flooded forests that offer an
environment rich in food. Insects and small shrimp are
preferred food for young Arapaima gigas [Sénchez, 1969;
Queiroz, 2000]. The Arapaima gigas population can recover
quickly from overexploitation largely due to parental care,
rapid sexual growth and maturation. Studies carried out on five
Arapaima gigas populations that were overexploited and
started to be fished under management indicated increases in
abundance at an average rate of 25% per year [Arantes, 2006].
The empirical model developed by Castelo et al. [2004] on
population dynamics estimated that well-managed populations
of Arapaima gigas can yield about 1.5 kg/ha of whole fish
caught annually.

However, this estimate is five times greater than the 0.3 kg / ha
floodplain estimate, which was obtained based on the
observation of historical series of production data. This
indicates the need to better understand the productive capacity
of the Arapaima gigas populations, as they may vary in
different parts of the Amazon basin [Sanchez, 1969]. Using
genetics tools, Hrbek et al. [2005] estimated that the
population of Arapaima gigas in an area of approximately
100,000 km2 in the Amazon basin would be 300,000
individuals. Population census carried out in the Mamiraua
Reserve showed the existence of at least 50,000 individuals in
an area of approximately 1,000 km? where the Arapaima
gigas populations are being well managed [Arantes et al.,
2006]. On the other hand, Castello et al. [2011a], proposed a
classification of the density of Arapaima gigas, by type of
management, and estimated that, currently, the population in
the floodplain ecosystem is around 800,000 individuals over 1
m of TC. However, it is difficult to extrapolate data from
existing population censuses to large areas because the
densities of Arapaima gigas, can vary widely (0 to 200
individuals / ha), depending on management.

In the 19th and early 20th centuries, the Arapaima gigas
(pirarucu) was responsible for the most important fishing in
the Amazon [Verissimo, 1895]. Arapaima gigas populations
are believed to be following a general downward trend in the
Amazon Basin. Since the 1950s, the catch and the size of the
individuals caught began to decrease [Issac, 1993]. Catch data
are available and analyzed for very few regions and all data
showed a predominance of juveniles, a common sign of over-
fishing [Castello, 2010]. The most complete and long-term
data series is for dry and salted Arapaima gigas landed in
Manaus, Amazonas State, Brazil [Castello, 2010]. However,
most Arapaima gigas catches are not recorded [Castello et al.,
2009]; [Lowe-Mcconnell, 1964]; [Viana et al., 2007] due to
the lack of monitoring efforts and the decentralized nature of
fishing in the Amazon. The only existing analysis of the
population trend of Arapaima gigas was carried out by
researchers Queiroz and Sardinha in 1999, and the results
suggested a population decline. Exceptions to this trend of
population decline exist in areas where communities practice
management and conservation efforts. Several riverside
communities are currently developing Arapaima gigas
conservation initiatives [Castello et al., 2009]; [Castello,
2011b]; [Mcgrath et al., 1993]. Arapaima gigas has different
conservation status, and from 1975 it became part of the list of
protected species of the Convention on International Trade in
Species of Wild Fauna and Flora in Danger of Extinction —
CITES [Viana et al., 2007]. Also on the IUCN Red List of
species threatened with biological extinction - World
Conservation Monitoring Center. In this study, fishing was
analyzed in nine management units located in seven Protected
Areas in the State of Amazonas. The regulation of the
minimum capture size of 150 cm in force since 1989 was also
evaluated [Viana et al., 2007] and the recent researches that
are guiding a proposal by IDSM researchers to increase this
size regarding the change in specific legislation.

MATERIAL AND METHODS

The study was carried out in nine Pirarucu Management Units
(UMP), linked to seven Protected Areas in the State of
Amazonas, of these, four are Sustainable Development
Reserves (RDS), an Extractive Reserve (RESEX), an
Indigenous Land (TI) and a Fisheries Agreement (AP).
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The Fisheries Agreement of this study is a territory regulated
by legal norms of the State of Amazonas, being then
considered a protected area in which the management regime
is allowed. Namely, the protected areas were as follows: RDS
Amana, RDS Mamiraua, RDS Piagagu-Purus, RDS Uacari,
RESEX Meédio Jurua, TI Acapuri and Ilha da Paciéncia
Fishing Agreement. The UMP's: Marad, Fonte Boa and Focal
Area, are part of the Mamiraua Reserve. The management
units evaluated in this study were distributed over the
Solimdes, Jurua, Japurd and Purus rivers (Table 1). Data
collection occurred in the catches of Arapaima gigas, in the
period corresponding to 4 years and their respective weights,
by size classes.

RESULTS AND DISCUSSION

The sum of all Arapaima spp. (pirarucus) evaluated in this
study totaled 29,245 specimens. Of this total, the majority
(49%) were captured in the third year of the survey. The
quantities collected in the first year (22%) and in the second
year (28%) were similar. The data for the 460 specimens of
Arapaima gigas, collected in 2014, came only from the regions
of Alto Solimdes (Indigenous Land Acapuri) and Ilha da
Paciéncia. Most of the specimens (32%) were captured at the
Arapaima gigas (Pirarucu) Management Unit (UMP) in
Marad, followed by Fonte Boa (25%), Mamiraud Sustainable
Development Reserve (RDS) (21%) and Amand RDS (14%).
In the other UMP's, the amount of Arapaima gigas collected
was < 3.2% of the total. The total weight of all Arapaima
gigas totaled 1,572.96 tons, with 50% of this total collected in
the third year of the survey. The tonnages produced in the first
and second of the survey were also similar. In the fourth year
of the survey, 1.4 tons came from the Acapuri de Cima /
Kokama Fishing Agreement, on the Ilha da Paciéncia, in Alto
Solimdes.

The gross revenue resulting from the sale of Arapaima gigas,
in the period of 4 years, was R$ 8,651,302.00 (eight million
six hundred and fifty-one thousand three hundred and two
reais), 91% of which came from four UMP, located in the
Middle Rio Solimdes region. The sample of 29,245 specimens
of Arapaima gigas evaluated in this research did not include
all Arapaima gigas legally collected in the 22 Pirarucu
Management Units (UMP) in Amazonas, between the first and
the third year of research. However, it is believed that the
conclusions emerging from the results of this study will also be
directly applicable in the other UMP in the state of Amazonas.
Mainly because the UMP's that were evaluated are distributed
over basically all the major rivers in the state where Arapaima
gigas management occurs, including the Solimdes, Jurua,
Japura and Purus rivers. In particular, data were obtained from
Alto, Médio and Baixo Rio Solimd&es. It is worth mentioning,
even though the data evaluated in 2014, came exclusively from the
UMP Terra Indigena Apucari / Alto Solimdes and from Ilha da
Paciéncia / Baixo Solimdes.

And, although the total of Arapaima gigas collected in these
two units represent only 1.4% of the total of analyzed
specimens, it was decided to include these UMP very much for
their value and strategic symbolism, because it is an
Indigenous Land (TI) and the Fisheries Agreement for the
management of Arapaima gigas, closer to the capital Manaus.
Fisheries of Arapaima gigas in these two UMPs is also
biologically important, since the fourth year of the research

was the first year of obtaining an extraction quota in these
areas. As for the other seven UMP evaluated, it is also worth
noting that they represent the areas with the longest
management time, the highest relative production and the best
community social organization, including the strong
contribution of civil society entities, which in practice, act as
co-manager. Fishery statistics are important sources of data for
assessing the conservation status of populations of target
species, or of the stock available for sale. In the specific case
of this study, information about the sizes of the collected
Arapaima gigas included only individuals of TC = 150 cm.
Therefore, these statistics are suitable primarily for the
assessment of stocks.

Structure of the Sizes of Arapaima spp. (pirarucus)
Collected: The number of Arapaima gigas collected in the
Middle Solimdes Region, comprising three UMP located in
the RDS Mamiraud, was 22,741 specimens, corresponding
to 78% of the total number of individuals we analyzed in
this study. The highest frequency of individuals (N =
14,850) occurred in the range of total length classes (CCT)
from 164 to 189 cm, corresponding to 65% of the
specimens evaluated in this region. In this same region, the
relative frequency of occurrence (RF) was = 10% in four
CCTs, ranging from 169 to 184 cm. In Baixo Japura (RDS
Amana), RR was = 10% only in CCTs 159, 164 and 174 cm.
In turn, in the Middle Jurua (RDS Uacari, RESEX Médio
Jurud), the RR of each CCT was always < 8%. On the Lower
Purus River (RDS Piagagu-Purus), the RR was = 10% in six
classes of TC, within which the average was 12.1 + 1.2. In
Alto Solimdes (TI Acapuri), RR was = 13% in only three
categories and < 10% in the other TCCs. Finally, in Baixo
Solimdes (Ilha da Paciéncia - Fisheries Agreement), the RR
was = 10% in four CCT, of which in two of them the value
was 21%. In the other TCCs in this region, RR was < 8%.
Evaluating only the collection of Arapaima gigas from CT >
200 cm (CCT = 204 cm), the highest RF (32%) was
captured in the Middle Jurud, while in the regions of Baixo
Japurd and the Middle Solimdes the RF of these larger
specimens was much lower, with 12 and 11%, respectively.
In turn, the FR of these larger Arapaima gigas was 10% in
Alto Solimdes, 6% in Baixo Solimdes and only 4% in Baixo
Purus. Number of Arapaima spp. (pirarucus) (N), and the
respective percentage (% N), total weight sold in tonnage (T),
and the respective percentage (% T), collected per
Management Unit. Gross amount, in reais (R$), obtained from
annual sales. RDS = Sustainable Development Reserve.
RESEX = Extractive Reserve. TI = Indigenous Land. AP =
Fisheries Agreement.

Minimum Capture Size: According to Decree n° 1534
IBAMA / DF of 12/20/1989 the current minimum total capture
length (MTC) is 150 cm. In the consensus among the
participants of several technical meetings held mainly in 2014
in Manaus and Tefé, within the scope of the Pirarucu
Management Committee linked to the State Fisheries Council
(CONEPA), changing the CTM to 155 cm would be easy to
approve for the purpose of formulation new regulatory
framework. In turn, the suggestion with the greatest potential
for negative impact on the management economy was
proposed by Lopes and Queiroz. These authors, based on a
gonad study, recommended increasing the minimum total
collection size for males to 174 cm and for females to 165 cm.
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UNIDADES DE MANEJO DE PIRARUCU (UMP)

k1

ESTADO DO AMAZONAS
ULHO 2018}

Table 1: Catch and weight data of Arapaima spp. (pirarucus), in the management units analyzed

Region Management Unit N % N T %T RS

Médio Solimdes Marad (RDS Mamiraud) 9250 31,7 503,848 32,0 2.771.164,00
Fonte Boa (RDS Mamiraua) 7243 24,7 390,275 24,8 2.146.512,50
Area Focal (RDS ~ Mamiraud) 6248 21,5 331,755 21,1 1.824.652,50

Baixo Japura RDS Amana 4053 13,8 203,329 12,9 1.118.309,50

Baixo Purus RDS Piagagu-Purus 897 32 48,395 3,1 266.172,50

Meédio Jurua RDS Uacari 532 1,8 36,005 23 198.027,50
RESEX Médio Jurua 513 1,7 34,401 2,2 189.205,50

Alto Solimdes TI Acapuri 399 1,2 19,161 1,2 105.385,50

Baixo Solimdes Ilha da Paciéncia — AP 110 0,4 5,795 0,4 3.1872,50
TOTAL 29.245 100 1.572,964 100 8.651.302,00

Number of Arapaima spp. (pirarucus) (N), and the respective percentage (% N), total weight sold in tonnage (T), and the respective percentage (% T),
collected per Management Unit. Gross amount, in reais (R$), obtained from annual sales. RDS = Sustainable Development Reserve. RESEX = Extractive

Reserve. TI = Indigenous Land. AP = Fisheries Agreement.

Table 2: Arapaima spp. (pirarucus), catch data, per year, and their respective total weight and gross value

Year N %N T %T R$

Ist year 6440 22,0 338,323 21,5 1.860.776,50
2nd year 8144 27,8 428,348 27,2 2.355.914,00
3rd year 14201 48,6 783,956 49,8 4.311.758,00
4th year 460 1,6 22,337 1,4 122853,50
Total 29.245 100 1.572,964 100 8.651.302,00

Table 2. The number of Arapaima spp. (pirarucus), (N), and the respective percentage (% N), total weight in tonnage (T), and the respective percentage
(% T), collected in nine Management Units in the State of Amazonas. Gross amount, in reais (R$), obtained from annual sales.

However, as the external sexual dimorphism of Arapaima
gigas is not as evident as previously predicted [Lopes, 2009],
the approximate average value of 170 cm would be the most
feasible in terms of legislation. However, according to the
partial consensus among the participants of technical meetings
held in 2014 in Manaus and Tefé, within the Pirarucu
Management Committee linked to the State Fisheries Council
(CONEPA), the 160 to 174 cm CTM would be difficult to
approve due to the negative impact on the income of the
Management Units. In the option of lesser impact, referring to
changing the minimum total length (TC) of collection from the
current 150 c¢cm to 155 cm, it would imply the exclusion of
1,636 specimens and the failure to obtain R$ 298.642,64 by
the communities managing the nine UMP that were evaluated.
In this possibility, the financial loss of the UMP would have
varied from 2.3 to 9.8% (average = 5,97, SD = 2,75.

However, if the value of 170 cm is used, representing the
average of the minimum reproductive CT values recently
released for females (165 cm) and males (174 cm) by IDSM,
13,517 specimens of Arapaima gigas (pirarucus) and loss of
amount of R$ 3,539,494.05. In this case, the loss between the
UMP would vary from 28.2 to 67.3% (average = 49,33, SD =
12,27.

Conclusion

It is concluded that, despite mainly including data from only
three years of management, it showed that production can vary
greatly between years, with 49% of Arapaima gigas being
collected only in the third year of the research. While the
production of 1st and 2nd year of research was similar. The
interpretation of the factors that may have generated the
concentration of production in the 3rd year of research is
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complex, as it may reflect management on the actions
dispensed in the various stages of management or of an
environmental nature. In terms of actions, one can highlight
the consistency of interinstitutional action or better community
organization. Environmentally speaking, one of the factors that
directly affect the production of Arapaima gigas would be the
flood pulse, as the water level in rivers can consistently affect
the accessibility of Arapaima gigas meters to different habitats,
influencing the quota to be authorized, as it represents up to
30% of the total Arapaima gigas with TC > 150 cm counted.
However, what was observed in the research is that the
greatest influence of the flood pulse occurs during the capture
of Arapaima gigas, because in years of initial floods it is
common for UMP to fail to execute the authorized quota.
Evaluating the production in spatial terms, it was found that 78%
of Arapaima gigas were collected in only three UMP located in
the Mamiraua Sustainable Development Reserve. This high
production of Arapaima gigas can be explained by the fact that
RDS Mamiraua is a pioneer in the management practice of
Arapaima gigas, having produced most of the research on
management in management. Among the UMP located in the
Mamiraua Reserve, the UMP Maraa stood out, where 32% of
these Arapaima gigas were collected. However, the largest
production of Arapaima gigas in Maraa was in the 2nd year of
research (54%), and not in the 3rd year.

During the preliminary analysis of the nature of the data, it was
decided to exclude information from 1,563 specimens of
Arapaima gigas. This exclusion was necessary since it
detected some discrepancies in terms of size and/or mass
information when compared to the total population of data
analyzed. Even excluding these hundreds of Arapaima gigas,
the volume of Arapaima gigas meat produced by the nine
UMP totaled 1,573 tons, and considering the average value of
RS 5.50 per kilogram of Arapaima gigas in the form of a cigar,
resulted in a gross revenue of R$ 8,651,302.00 [34]. Dividing
this amount by the three-year interval, the resulting amount is
RS 2,884,000.00/year. This amount of resources is significant
for the arcas assessed. Without considering other species
captured in the UMPs and by-products, such as the skin of
Arapaima gigas. Part of the liquidity resulting from the annual
production of Arapaima gigas managed contributed to the cost
of some management steps, such as zoning, population census,
monitoring and surveillance. Contributing significantly to the
management of protected areas in Amazonas. The analysis
performed on structures the size of Arapaima gigas) indicated
two basic patterns. In the Middle Solimdes there was a higher
collection pressure (47%) in only four of the 22 classes of total
length (CCT) evaluated. This greater collection -effort
concentrated in a few CCTs was also seen in Alto and Baixo
Solimdes. While in the other UMP, the collection effort was
diluted in more CCT, especially in the case of Médio Jurua,
encompassing RDS Uacari and RESEX M¢dio Jurua. Despite
the relatively smaller number (N = 1045) of Arapaima gigas
evaluated for the Middle Jurua, the scenario found in this
region may be the most promising in the long term, since the
collection pressure in the two UMPs is distributed in a all sizes
available legally homogeneous and therefore did not focus the
economic effort on just a few sizes. Future studies should
evaluate this aspect in more detail, considering a larger series
of data, in an attempt to indicate trends of which of these
management patterns would be more sustainable in the long
run. In the bibliographic review, there was no great concern
from the authors regarding the protection of larger individuals
from Arapaima gigas.

The exclusion of these larger individuals could be strategic in
protecting the gene pool. Because these older individuals have
high longevity, know the habitats better and probably have a
greater capacity to not be killed. These genetic and/or
behavioral characteristics can ensure the sustainability of
management, especially in less productive environments. The
most detailed analysis of the Médio Solimdes Region showed
differences in the size structures between the three UMP that
make up this region. These differences occurred despite these
three UMP being located within the Mamiraud RDS, and
probably sharing the same population of Arapaima gigas, or
very similar populations, given the spatial proximity between
them. This finding reinforces one of the recommendations for
the good management of Amazonian fauna, that is, that
scientific generalizations from research in a certain area should
be carefully extrapolated to other areas, even if these are
geographically close and have apparently similar
environmental characteristics. The main management
instruments that ordered Arapaima gigas fishing in the State of
Amazonas were the institute with a minimum capture size of
150 cm in total length, reproductive closure and extensive
management regulation in Conservation Units for Sustainable
Use. More recently, the regulation of Fisheries Agreements has
expanded the management of Arapaima gigas also to these
protected areas, considering the social, environmental,
economic and cultural dimensions. Currently, there is also the
management of Arapaima gigas in indigenous lands in
Amazonas, coordinated by FUNAL

This fact contributed to the protection of the integrity of these
areas and the food security of indigenous peoples. In terms of
legislation, the management of Arapaima gigas sustainable
fisheries in Amazonas is based on reproductive defenses,
minimum catch sizes, zoning of areas, fishing equipment,
quotas and internal regulations. Among these management
tools, the minimum capture size proved to be very important
for the management of Arapaima gigas in the Brazilian
Amazon. The study also ratified this importance in economic
terms, as it found that even the smallest changes in legislation
on the minimum catch size (from 150 cm to 155 cm of TC)
would have a significant negative impact on the management
economy of most of the nine UMP evaluated. Especially in the
case of the Indigenous Land Acapuri, located in Alto
Solimdes, where the impact of this change would imply the
loss of almost 10% of the gross revenue obtained in the
management of the 4th year of research. The change of only 5
cm would also affect the management practiced in the UMP
Baixo Japurda / RDS Amana, Fonte Boa and RESEX Médio
Jurua, with loss of gross revenue, in the period of 3 years,
varying from 8.0 to 8.3%. This approach has shown that any
changes in legislation that affect the management of the
Amazon community base, must be taken with great caution
and responsibility. It is worth mentioning that this change (of 5
cm) was readily accepted when presented in deliberative
meetings involving managers, scientists, fishermen, traders
and other actors involved at the base of the Arapaima gigas
management chain in the State of Amazonas. It was found that
the minimum capture size of Arapaima gigas was established
at the federal level 25 years ago as a control instrument. At
that time, the lack of robust scientific information led decision
makers to regulate that 150 cm of CT would be the minimum
size of the first reproduction (maturity) for both sexes of
Arapaima gigas. However, further research has shown
different values for this important parameter of the population
dynamics of the species, indicating that the biology and
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reproductive ecology of Arapaima gigas are complex and can
vary across the Amazon. Recent research, at the gonadal level,
has indicated that the minimum maturation size (L50) of
Arapaima gigas populations can vary according to the
management regime (respect or not to the minimum capture
size of 150 cm) and population density. The minimum
maturation size (regardless of sex) was reached at 157 cm in
the managed populations, where the minimum capture size
(150 cm) was respected and, therefore, where the population
density was relatively higher. It was also demonstrated that, in
the absence of respect for the minimum size of the catches
(illegal fishing), the maturity of Arapaima gigas was only
reached at 164 cm in total length and in places of low density.
It was also observed that other studies evaluated the sexes
separately for the first time, and concluded that the minimum
maturation size in Arapaima gigas is even greater, reaching
165 cm of TC in females and 174 c¢cm in males, these measures
are being proposed and recommended by some researchers.
However, this study concluded that, however appropriate it
may be to adopt these measures for the future of sustainable
management of Arapaima gigas, if these recommendations had
been legally adopted in recent years, the economic impact on
gross management income would have been quite marked.
Because the increase in the minimum catch size to 165 cm
would result in the loss of gross income of 14 to 35% (average
= 25.4%, SD = 7.0) by the assessed UMP. And if this size
were 175 cm, the losses would vary from 28 to 67% (average
=49.3, SD = 12.25). In turn, considering the value of 170 cm
as the average minimum capture size, as the sexes are
indistinguishable at the time of capture, the economic impact
on gross income would still be high, having varied from 19 to
51% among the UMP (average = 37.3, SD = 9.9). In this
situation, the financial impact would be greater than 34% in
seven of the nine UMP that were assessed.

In three of them, the loss in gross income would vary between
45 and 51%. The greatest loss of gross income would have
occurred in the production of the 4th year of research in the
Indigenous Land Acapuri and Ilha da Paciéncia. It is worth
mentioning that these UMPs deserve special attention, given
their peculiarities and conditions of good management, since
indigenous lands represent one of the best expectations for the
expansion of the Arapaima gigas management scale in the
State of Amazonas. In turn, the symbolism of Ilha da Paciéncia
represents the fact that it is the closest UMP to the capital
Manaus, and therefore subject to the most varied forms of
anthropic pressure. Finally, the approach carried out in this
study showed some of the weaknesses in the management of
community-based Arapaima gigas, carried out inside and
outside the Conservation Units in the State of Amazonas.
Among these peculiarities, it was evident that production was
centered in the Médio Solimdes region and that the most recent
UMP in the activity would be the most affected by the change
in the minimum catch size legislation. Highlighting that any
changes, in the rule of management of Arapaima gigas, even
the apparently most trivial ones, need analysis and
participatory discussion in the decision-making process and
that the contribution of traditional and scientific knowledge
must be the reference of the management of Arapaima gigas
for this to be increasingly sustainable.
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