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Fishing is a traditional and important activity in the Amazon Basin, mainly for low-income populations.
Nevertheless, Amazonian fish diversity and abundance is threatened by several anthropogenic sources,
including deforestation, hydroelectric dams, oil and gas development, global changes and overfishing.
This article analyzes the proposal of an alternative model and discusses the predictions obtained from
various scenarios and relates them to the management of commercial fishing in the region of the middle
Negro River. The model was developed using Stella® 9.0, a software package based on system dynamics.
Two scenarios were simulated to investigate the dynamics of the fish stock: (a) scenario I: considered a
reductionin stock replacement values to half the initial values, a 50% increase in fishing effort, and variable
costs and average monthly prices of fish, and; (B) scenario II: analyzed the effect of prohibiting commercial
fishing. The planning horizon used was 120 months. Given the results achieved by the simulations, it
would be interesting for authorities in the region to have effective control over fishing access and for

Amazonian users to be aware that these natural resources, even though renewable, are susceptible to depletion.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Fresh water accounts for only 0.01% of the world’s water and
approximately 0.8% of the Earth’s surface (Gleick, 1996; Dudgeon
et al., 2006), and fresh water is home to thousands of species that
contribute to food security (Brooks et al., 2016). Globally, at least
2 billion people rely directly on freshwater, such as lakes, rivers
and wetlands, for their food supply. In many localities, particu-
larly in rural communities, fish is a major source of protein (Béné
etal., 2007; Dugan et al., 2010; Youn et al., 2014). In 2014, fisheries
catches yielded approximately 12 million tonnes (FAO, 2016), and
these fisheries support at least 21 million fishers, many of whom
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live in low-income countries and rely on these fisheries for subsis-
tence. They are often the last resort when primary income sources
fail due to economic changes and natural disasters (Lynch et al.,
2016). In addition to other important benefits, such as recreation,
cultural and even spiritual values, fisheries contribute to the diver-
sity of species and ecosystems.

Fish ecosystems are complex and difficult to analyze; however,
modeling the ecosystem can minimize some of these difficulties.
One of the benefits of modeling is that it enables a mathemati-
cal framework to be used to integrate field data with ecological
theory, allowing the problem to be understood and simulated
through the use of different scenarios. Ecosystem simulation mod-
els are used to investigate possible environmental impacts on fish
populations, and different models have been developed (Polovina,
1984; Deangelis and Cushman, 1990; Christensen and Pauly, 1992;
Salvanes et al., 1992; Walters et al., 1997; Grasso, 1998; Walters
et al., 2000; Fu et al., 2015; Storch et al., 2017). Nevertheless, the
use of ecosystem modeling is relatively new in the Amazon. Souza
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Fig. 1. Maps showing the study area; Map of South America showing Brazil; Map of the Amazonas State showing the municipality of Barcelos; Map the municipality of

Barcelos showing the Negro, Aracid and Demeni rivers.

(2003) used this approach to assess the sustainability of subsis-
tence fishing on a stretch of the Solimdes River, taking into account
the dynamics of the stock and fishing effort. Camargo and Petrere
(2004) characterized the fishers and fisheries of the Tucurui hydro-
electric reservoir and created scenarios to predict situations of
conflict over scarce resources. Souza and Freitas (2010) tested a
predator-prey model, using humans as the predator and the fish-
ing stock as the prey to evaluate fishing sustainability in the lower
stretch of the Solimdes River.

The Amazon Basin encompasses more than seven million km?,
which include an enormous and heterogeneous system of rivers,
lakes, channels and streams. This ecosystem is home to the world’s
highest diversity of fish (Reis et al., 2016). Several anthropogenic
factors, such as dam building (Kahn et al., 2014), oil and gas devel-
opment (Finer et al., 2008), overfishing (Campos et al.,, 2015),
invasive alien species (Latini and Petrere, 2004), deforestation
(Lobon-Cervia et al., 2015), and droughts caused by deforestation
and global warming (Castello et al., 2013; Freitas et al., 2013),
threaten this system.

The Negro River is the second largest tributary of the Ama-
zonas River and is a typical blackwater river. It is known for its
high diversity and low abundance of individual fish species com-
pared with whitewater rivers (Barthem and Goulding, 2007). It
contains approximately 950 described species, of which at least
35 are endemic. Much of the wealth generated in the municipal-
ity of Barcelos used to derive from the exploitation of ornamental
fish, which accounted for over 60% of the municipality’s income
(Sobreiro and Freitas, 2008). However, this activity declined in
recent years because of factors such as competition with other
Amazonian regions and the retraction of the international mar-
ket; thus, many fishers migrated to commercial fishing. In addition,
more recently, fishers have switched to activities related to recre-
ational fishing (Silva 2003; Sobreiro and Freitas 2008; Rivas et al.,
2013). As in other regions in the Amazon basin, though fishers have
other activities, such as subsistence agriculture and the extraction
and commercialization of non-timber forest products (Sobreiro and
Freitas, 2008; Rivas et al.,2013; Inomata and Freitas, 2015a), fishing

is one of the most important economic activities for the population
of the middle Negro River, who depend on fishing for their survival.
Subsistence fishing is practiced by fishers in rural areas, primarily
for their own consumption; distribution is secondary, and usually
involves exchanges or small-scale sales.

This article analyzes the proposal of an alternative model and
discusses the predictions obtained by scenarios that may influence
the management of commercial fishing in the region of the middle
Negro River. The model integrated the dynamics of fishers, which
were influenced by economic factors, with the dynamics of the fish-
ery resources, which considered the intrinsic characteristics of the
three main groups of exploited species and the influence of the
hydrological cycle.

2. Methods
2.1. Study area

The study was carried out in the middle Negro River region and
focused on the municipality of Barcelos, which extends over an area
of 122,450.769 km? (IBGE, 2015) in the northwestern region of the
state of Amazonas (Fig. 1). The Negro River, which starts in the Junai
mountain range in Colombia, is the largest tributary of the Ama-
zon River. It is approximately 1700 km long, and its basin extends
over 715,000 km2. The Negro River eventually joins the Solimdes
River to form the Amazon River; however, throughout its course, it
drains low-lying areas and consolidated soils, which is reflected by
its speed and erosion (Sioli 1984; Cunha and Pascoaloto, 2006).

2.2. Model

2.2.1. Data collection

Models are abstractions of reality, and they are unable to involve
all the parameters in the modeled system since models sometimes
require data with long time series; this translates into high costs,
and in some situations, these data are inaccessible or nonexistent.
In the present work, the developed model consisted of real data
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Fig. 2. Model Sustainability of Commercial Fishing in Barcelos, SCF-BO, built in software Stella. Rectangles: state variables; Circles: forcing variables; Tick arrow: material

transfer and; Arrow: information variables.

that were collected using structured questionnaires applied during
interviews with commercial fishers in the municipality of Barcelos
between February 2012 and January 2013; additionally, the other
necessary parameters were collected from the literature.

The obtained information included questions on the fishing
location, number of crew members, date of departure and arrival of
the expedition, hours of fishing, caught species, fishing gear, fixed
and variable costs, price of fish, secondary data obtained from lit-
erature reviews (i.e., support capacity, fishing stock and natural
mortality rates of Characiformes, Perciformes and Siluriformes),
and information collected in January 2013 from the Barcelos Z-33
Fishers’s Association (i.e., number registered commercial fishers).

2.2.2. Construction of the model

The model was called Sustainability of Commercial Fishing in
Barcelos SCF-BO (Fig. 2) and combined the essential ecological
and economic relationships needed to simulate the fishing sys-
tem. The modeling software used was Stella v9.1.3. The model was
based on system dynamics, which combined the ecological and eco-
nomic variables that explained the dynamics of fishers and fishing
resources by using differential equations over time (Sterman, 2002;
Stave, 2002; Otto and Struben, 2004).

The integration technique used in the modeling process was
Runge-Kutta 4, whichis one of the recommended methods for mod-
els in which the generation of oscillations is predicted. Due to the
flood pulse, the unit of time chosen was the month. The total time
horizon was 120 months, and the DT was set to 0.25 since this bet-
ter represents variations as a function of time for the flood pulse
(see Appendix A in Supplementary material for the explanation of
model equations).

2.2.3. Variables
2.2.3.1. State variables. Fishing stock: the exploitation rate in
relation to the estimated biomass and the carrying capacity (Silva-
Janior et al., 2017).

Production: the captured value (kg) between February 2012 and
January 2013 (Inomata and Freitas, 2015b).

Fishers: the number of commercial fishers registered in the
Barcelos Z-33 Fishers’s Association in January 2013.

2.2.3.2. Forcing variables. Carrying capacity: value obtained by
Silva-Janior et al. (2017) that estimated the stock size of some
commercial Amazonian species based on catch and effort data. The
authors used a probabilistic approach based on the work devel-
oped by Mao (2007), which estimated the lower limits of the size
of a given stock. The calculations were implemented through a
script called EPSCE (estimating population size with catch and
effort data), which was developed and implemented in the R pack-
age. The script was submitted for validation using a set of data
generated by a simulation process where the size of the popula-
tion was a known value. Afterwards, the model was applied to the
catch data related to weight and effort for the main commercial
fish species of the Amazon; according to the data generated during
the ProVarzea/IBAMA project between 2001 and 2004, information
was collected from sixteen ports of landing along the Solimdes and
Amazonas rivers (Ruffino et al., 2002, 2005, 2006; Thomé-Souza
et al., 2007).

Hydrological cycle: used the trigonometric function of the sine
wave, with a period of flood and a period of dry, which always
oscillated with the same amplitude (i.e., 9.54 m during the flood and
2.52 m during the dry season) over a period of 12 months. Monthly
data on the water level in the Negro River (measured at the Barcelos



S.0. Inomata et al. / Ecological Modelling 368 (2018) 312-320 315

HYDROLDGIC  CHARACIFORME HYDROLOGIC HYDROLOGIC
AL CYCLE 3 L Oyt PERCFORMES L cvoe - SLURIFORMES
250 0040
3158 00%
satiorerioniee 37% 002
CHARACIF PERCIFOR e 0 SILURIFOR
ORMES MES 5073 024 MES
571 0020
6343 0017
et e 6987 0012
: 7625 0009
T R ) 8251 0006 . :
oo ] 8902 0004 oo H
9540 000
B 2520 350 B sm | s | B s ] 50 |
HYDROLOGICAL__CYCLE Data Points [12 HYDROLOGICAL__CYCLE Data Points: HYDROLOGICAL__CYCLE Data Paints:
Edit Output [ Edit Output I:| Edit Output: |:|
To Equation Delete Graph Cancel To Equation Delete Graph Cancel To Equation Delete Graph Cancel

Fig. 3. Graph functions that define the relationship between the natural mortality rates of Characiformes, Perciformes and Siluriformes and the hydrological cycle.

hydrological station) were provided by the National Water Agency
(ANA).
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Replacement rate: established according to the hydrological
cycleinan attempt to simulate the reproductive cycle of most target
species in the region, following the approach developed by Souza
and Freitas (2010). The maximum replacement (100%) coincided
with the flood peak.

The mortality can be divided into two main groups, i.e., natural
deaths and deaths that result from fishing. Natural mortality may
be divided into three main categories: natural causes, such as old
age or disease; fish killed by predators; and finally, fish that starve
due to a lack of available food. This final category is considered to
be one of the most difficult parameters to estimate for fish stocks
(Quinn and Deriso, 1999). Therefore, we used the natural mortality
estimates that were reported from three sources in the literature: 1)
the natural mortality rates of Characiformes were estimated from
the study of [saac and Ruffino (1996); 2) the natural mortality rates
of Perciformes were established according to Campos’ data (2013);
and 3) the natural mortality rates of Siluriformes were determined
based on the work of Ruffino and Isaac (1999). The three orders
were chosen to comprise the model because they were the most
exploited orders in the study area (Inomata and Freitas, 2015b). All
utilized literature estimated natural mortality using Pauly’s (1980)
empirical relationship.

A graphical function was performed for each order, and all
orders were influenced by the hydrological cycle; thus, it was
assumed that the highest rates of natural mortality occur during
the dry period (Fig. 3). This has been associated with the physical
retraction of the environment, which confines the fish in the open
areas of lakes and facilitates predation.

Fishing effort: average monthly value based on the estimation of
Inomata and Freitas (2015b), which used the calculation proposed
by Petrere (1978), and indicated the best unit for fishing in the
Amazon region was the number of fishers in a crew multiplied by
the number of fishing days.

Price: average monthly value of fish, as reported by the fishers
during the interviews.

Revenue: fishing revenue (R) was estimated as the number of
fish caught (Q) multiplied by the average sale price of the fish (P),
or R=Q*P.

Profit: defined as the total revenue minus the total costs and
was estimated by deducting fixed and variable costs from income
during a given period, i.e., P=R — (Cf+ Cv). The fixed costs consisted
of the maintenance costs associated with the vessel, engine and
fishing gear; the depreciation of the vessel and engine; and the

fishers’ association fees. The variable costs consisted of the costs of
fuel, ice and provisions for the fishing trips (Inomata and Freitas,
2015a).

2.2.3.3. Material transfer. Replacement: was represented by the
logistic equation of Verhulst (1838).

N(n::nva)( _-5%9)

where N =size of fish population; r=innate capacity for population
increase; K= carrying capacity; and t=model running time.

Catch: total number of fish that are caught. Catch was estimated
using the product of the total number of fishers and the fishing
effort; this was considered the attack rate on the fish stock.

Sale: it was assumed that everything that was produced was
sold.

Inflow and outflow of fishers: it was assumed that both the
entry and exit of fishers from fishing activities was directly related
to the hydrological cycle, the main regulating force of the entire
ecosystem (Junk et al., 1989), which directly influences the suc-
cess of the catches and results in seasonal peaks (Freitas and Rivas,
2006). In Barcelos, during the dry season, commercial fishers are
dedicated exclusively to fishing activities. During the flood season,
some fishers reduce their journeys or engage in other complemen-
tary activities, such as ornamental fishing and activities related to
agriculture (Inomata and Freitas, 2015b).

2.2.4. Construction of scenarios

To simulate different scenarios, a set of differential equations
was maintained, and changes were restricted to the input values
of specific rates or derived relationships. Two scenarios were sim-
ulated using the SCF-BO model, and these scenarios considered the
following changes in system characteristics:

(A)ScenarioI: simulated areduction in stock replacement values
to half of the initial values. This represents an atypical situation and
assumes that climate change destabilizes the aquatic environment
and directly affects the replacement of the fishing stock. Fishers
have a tendency to increase fishing effort when there is a decrease
in fish; this practice increases production costs and, consequently,
the price of fish. Therefore, in addition to the decrease in stock
replacement, a 50% increase in the fishing effort, variable costs and
average monthly price of fish were also simulated in this scenario.

(B) Scenario II: simulated and analyzed the effect of a total ban
on commercial fishing. This scenario assumed all fishers fished only
for subsistence.

3. Results
In January 2013, there were 281 commercial fishers registered

in the Barcelos Z-33 Fishers’s Association; however, only 160 fish-
ers caught edible fish, and 121 were ornamental fishers. Primary
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Table 1

Descriptive parameters of the SCF-BO model and the different values and units used; Input data; Form; Unit; Value (minimum and maximum); Reference.
Input data Form Unit Value Min Max Reference
Fishing stock state variable Kg 41295284 - - Silva-Janior et al. (2017)
Production state variable Kg 56000 - - Inomata and Freitas (2015b)
Fishers state variable no individuals 160 - - Inomata and Freitas (2015a)
Carrying capacity forcing variable Kg 599843280 - - Silva-Janior et al. (2017)
Hydrological cycle forcing variable M - 2.52 9.54 ANA (2013)?
Replacement rate forcing variable % - 0.000 1.000 Souza and Freitas (2010)
Natural mortality rate Characiformes forcing variable - - 0.001 0.037 Isaac and Ruffino (1996)
Natural mortality rate Perciformes forcing variable - - 0.001 0.040 Campos (2013)
Natural mortality rate Siluriformes forcing variable - - 0.001 0.039 Ruffino and Isaac (1999)

Fishing effort forcing variable

real (R$)

Price forcing variable
Fixed costs® forcing variable real (RS$)
Variables costs forcing variable real (R$)

- 30.0 68.6 Inomata and Freitas (2015b)
275 4.50 Inomata and Freitas (2015b)
Inomata and Freitas (2015a)
Inomata and Freitas (2015a)

431.22

- 561.50 4272.00

2 Information provided to the authors by the National Water Agency (ANA) in February 2013.

b Average costs in Reais (R$). Prices charged in January 2013.

Table 2

List of minimum and maximum values of the fish stock (kg), production (kg) and profit (R$) of the model, including current trends of the system (BaU), scenario I and scenario

1L

Fishing Stock (kg) Production (kg) Profit (R$)

Minimum Maximum Minimum Maximum Minimum Maximum
BaUu 4.13e +007 5.961e +008 21783.53 881392.73 88235.48 3.353e +006
Scenario [ 4.13e+007 5.805e +008 34542.40 1.763e +006 234258.48 1.342e+007
Scenario II 4.13e+007 5.964e +008 - - - -

data were collected from 161 fishing expeditions, and 125 fishers
were interviewed, representing 44.5% of the registered population
of commercial fishers. The data used in the model feed are listed in
Table 1.

The dynamics of the model with the current trends of the sys-
tem (BaU) demonstrated the fish stock had a minimum value of
4.13e+007 and a maximum value of 5.961e + 008. Production had
a minimum value of 21783.53 and a maximum value of 881392.73,
and the activity had a minimum profit of R$ 88235.48 and a maxi-
mum profit of R$ 3.353 +006 (Table 2).

When comparing scenario I with BaU, this simulation showed
that the fishing stock decreased (Fig. 4A). However, the production
and profit increased (Fig. 4B and C), with minimum and maximum
production values of 34542.40 kg and 1.763e + 006 kg, respectively,
and minimum and maximum profit values of R$ 234258.48 and R$
1.342e +007, respectively (Table 2).

In scenario II, the effect of prohibiting commercial fishing was
analyzed; therefore, economic variables were excluded. In this sim-
ulation, the dynamics of the fishing stock were similar to BaU
(Fig. 4A); however, there was a small increase in the maximum
value (Table 2).

3.1. Sensitivity analysis

To explore how the model responded to changes in input vari-
ables, a sensitivity analysis was performed. The values of the
variables were changed several times, using higher uncertainties
each time. After the analysis, it was possible to verify the robustness
of the model since it presented the same general behavior.

The variables on support capacity, fish stock and number of
fishers were modified. The results showed that (A) the fish stock
decreased considerably with 35% and 70% reductions in the initial
carrying capacity value; (B) the fish stock slightly decreased after
the 35% and 70% changes in the simulated value in BaU; and (C)
production and profit followed the same pattern after increasing
the initial value of the number of fishers by 200 and 400% (Fig. 5).

4. Discussion

The insertion of the hydrological cycle as a forcing variable was
essential to make the simulations more realistic; this is because
the biological cycles of Amazonian fish are strongly dependent on
hydrological events (Junk et al., 1989), mainly during the flood sea-
son when most species reproduce (Fernandes, 1997). The highest
level of productivity occurs during the dry season. At the moment,
fish are more concentrated and vulnerable to fishing gear. The link
between river level oscillations and fishery productivity is a widely
recognized process in the Amazon Basin (Junk et al., 1989; Ruffino
and Isaac 1994; Isaac et al., 2016).

Inrecent years, Amazonia has suffered from atypical oscillations
at the river level, with the occurrence of extreme droughts and
floods (Franga et al., 2005; Ambrizzi et al., 2007; Marengo, 2007).
These changes have been attributed to the effects of climate change
(Marengo et al., 2011) and may interfere with the life cycle of the
fish, the fishery, and consequently, the fishers and riverine fish that
survive fishing activities (Allison et al., 2009).

The simulations showed that the commercial fishing carried out
in the municipality of Barcelos may possibly be sustainable. If, how-
ever, the fish population declined as simulated in scenario I, fishers
would experience lower profits. To maintain the same profit, they
would have to increase their fishing effort without control and lim-
its; thus, the operational costs per unit of fish would progressively
increase, and this would affect even more of the biological cycle of
natural replenishment for the most exploited species, resulting in
overfishing and compromising economic performance.

Even if some fishers realized the danger of overfishing, there is
no guarantee that their competitors would perceive the same dan-
ger. Individual short-term profits motivate many fishers. They do
not care about the resource involved. If each fisherman acts individ-
ually to maximize profit, the total effective cost can easily surpass
the sustainable limit and, thus, create the risk of overfishing, which
harms the interest of all fishers in a process known as the “tragedy
of the commons” (Hardin, 1968).

Furthermore, fishers face the growing threat of scarcer resources
that are more vulnerable to damage, making them likely to seek
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out technological innovations that will maximize their catch; cer-
tainly, the search for technological innovations is common when
some means of production becomes scarce. The region of the mid-
dle Negro River as well as the entire Amazon is undergoing a process
of intensification in the use of fish resources; this intensification is
caused by technological innovations, loss of control over areas and
resources, population growth, migration and urbanization (Silva,
2011). According to Berkes (1999), these events can lead to the
loss of traditional knowledge, the breakdown of traditional social
and economic systems, the loss of control over areas and resources
by local communities, and changes in the worldview caused by
urbanization.

Scenario Il was the most appropriate for the sustainable use of
fishery resources since commercial fishing was prohibited. How-
ever, in this case, there would be a great impact on the way of life
of fishers, since the high proportion of fishers (56.9%) with com-
mercial fishing as their exclusive economic activity suggests that

this activity is traditional in the region. This impact could result in
commercial fishers targeting catches in more distant areas, migrat-
ing to areas with a more plentiful supply of fish or even taking up
other activities.

The possibility of migrating to more distant areas was only a
supposition of what may occur, as commercial fishers from Barcelos
have already reported the need to fish larger areas to capture the
same quantity of fish they used to catch in the past. Moreover, this is
already occurring in other regions studied in the Amazon (Petrere,
1978; Barthem et al., 1997). However, the geographical component
was not part of the model.

As for fishers migrating to other activities, such as ornamental
fishing and sport fishing, this migration would lead to the intensifi-
cation of conflicts between the different users; conflict would likely
start once the resources became scarce, which would generate
greater pressure on the selection of users. Most likely, more spe-
cialized fishers would exclude others from the activity, which could
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cause declines in the target species or even deplete the resource as
a whole.

Freitas and Rivas (2006) and Sobreiro and Freitas (2008)
reported that the overlapping of fishing areas in the middle Negro
River region and the different ways in which users take ownership
of these areas has led to the emergence of conflicts between differ-
ent users. The growth of sport fishing has created conflict among
subsistence fishers, ornamental fishers and, above all, commercial
fishers. The conflict between subsistence fishers and ornamental
fishers is minimized by the fact that the latter can act as guides
or boat pilots for sport fishers. The conflict between subsistence
fishers and commercial fishers results from the different under-
standings of the target species, i.e., the peacock bass (Cichla spp.).
These species are one of the main groups of species exploited by
commercial fishing (Inomata and Freitas, 2015b), and Cichla spp. are
one of the main groups of target species for sport fishing in the mid-
dle Negro River (Freitas and Rivas, 2006). According to Silva (2011),
the increased pressure on fishery resources in this region, whether
through sport or commercial fishing, is perceived as a threat to
natural fish stocks.

Fishing is an extremely competitive activity. While there are fish
stocks, there will be competition between different users due to the
lack of property rights governing the use of fish resources (Castello,
2007). Each fisherman will capture as many fish as possible, espe-
cially the most profitable species. Murray-Jones and Steffe (2000)
and Warner (2000) reported that such conflicts can be resolved or
at least reduced through agreements between the involved parties
and the creation of a management plan.

The simulations in the present study resulted in predictions that
did not lead to the collapse of the fishery. However, this informa-
tion is important, since a limit to the sustainability of the stock can
be established from the unsustainable probabilities of exploiting
a resource (Aubone, 2004). As fish are an essential source of ani-
mal protein and an important source of income in the region, it is
important that the fisheries be monitored more closely by users
and fishing activity managers. This monitoring is especially impor-
tant in the Negro River basin because, despite the great diversity of
fish species, the basin has low biomass stocks of individual species
compared to whitewater rivers (Barthem and Goulding, 2007).

It would be interesting if, as a management measure for the
region, there was an effective control method to limit the access to
fisheries. According to Castello (2007), to maintain fish production
at a sustainable limit, control measures that reduce pressure on fish
stocks and help manage resources are essential. These measures
would be more related to the administration of human dynamics
than to the control of the resource itself. Given the growing threat
natural resource scarcity caused by the use of conventional eco-
nomic systems where natural resources are considered unlimited, it
is important that all those engaged in fishing activities in the region
participate directly in the formulation of management measures
and objectives, help develop rules, make changes and adaptations
that may be necessary, and, above all, contribute to the application
of management (Bell and Morse, 2008).

Public policies should also include environmental education
strategies. These strategies would inform users that the fishery
resources, even though they are renewable, are also subject to
depletion; additionally, the public should know that the charac-
teristics of the environment can influence the fishery. When an
individual is not critically aware of the negative impacts an activ-
ity has in relation to the intensive use of resources, he does not
have the capacity to evaluate the losses from a social, economic or
environmental point of view (Castello, 2007), nor does he have the
dimension to realize how certain actions may actually counteract
his own assets and those of future generations. In this way, control
actions that promote the participation of those involved in fishing
practices and promote the access to knowledge on environmental

conservation that is based on respect for regional specificities are
necessary.

5. Conclusion

The ecosystem model described here integrates ecological and
economic variables and appears to be a promising tool for testing
hypotheses and formulating and monitoring management sce-
narios related to possible changes in the exploitation of fishery
resources. However, it must be emphasized that the elaborated
model is only a proposal of an alternative model for the evalua-
tion and management of the fishery and is not meant to replace the
classic models or traditional practices in which users are trained to
implement a participatory system.

The results reported should be evaluated carefully since the
information was collected over only one year; however, this infor-
mation can be used as a point of reference in time. Therefore, it is
recommended that data be collected continuously in this region to
produce a time series, enabling validation of the model so that it can
be used as an analysis and management tool. Furthermore, for the
model to meet regional needs, field studies that collect information
on the population dynamics of Amazonian fishes are essential.
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