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Foreword

Thirty years of Operacdo Amazonia have had an evident impact on the natural resources of the
basin. For instance, images of large patches of burning forests (a fact which otherwise would not
occur under the natural humid equatorial conditions) or the ant-hill like goldfields of Serra Pelada,
have many times been flashed on television screens across the globe.

However, as the Amazon Basin consist's primarily as the largest reservoir of fresh water on Earth,
the world beneath the water surface, hidden from the general view, has suffered an equally large
impact. At the same time, the importance of freshwater resources for the subsistance economy
have been systematically disregarded , in favour of industrialisation, trade and subsequent
incorporation into the market economy. Consequently, it took a relatively long time before the
impacts of Operagdo Amazonia on the fresh water resources became public.

At the moment, existing literature on the subject is incomplete and fragmentary, especially due to
the enormous dimensions of the basin and the lack of comparative data. Comprehensively, most of
the existing studies are not substantial concerning certain aspects of the problem, but in our
opinion the complexity of the situation demands a multi-disciplinary approach in order to
formulate a sustainable management plan for the aquatic resources of the basin.

It was for this reason that we proposed this report, in an attempt to place the subject within a
broader context - not only from the biological and social-economic point-of-view, but also from a
historical, geographical and macro-economic perspective. In fact, it is based on all the literature
we could collect over the period of one year, both in The Netherlands (ZODIAC/ LUW;
DLO-RIVO; Artis/UvVA ; IKC-NC; IUCN-NC; Zoological Museum/Uv.A; KIT ; Omegam ) and
Brazil ( INPA; Museu Goeldi; NUMA/UFPa., SIAMAZ/UFPa., IBAMA; IBGE ; ICOTE;
CODEAMA: IREAM; CPRM; FUNALI ), together with information from inteviews of local
fisherman and scientists working on the different issues.

As the subject is very broad, we have chosen to establish our focus on fish, especially commercial
species, seen its direct importance to our target-group, the riparian settlers. And although other
forms of Amazonian life, such as a variety of fish-preying birds, kaimans and freshwater dolphins,
also depend on fish stocks for their survival, these are not treated in this report. The Middie
Amazon basin was chosen as an obvious geographical delimitation, as the home-base of Fundagéo
Olho d'Agua is situated in Faro (PA), at the Medio Amazonas Paraense. As there is still some
confusion as to the exact limits of the Middle Amazon basin, we were finally forced to draw our
own functional geographical demarcation.

This report is primarly meant to provide background information to all that it may concer,
thereby filling in the gaps that in our opinion still exists, particularly related to the significance of
fisheries to the subsistance economy of the Middle Amazon basin. It is hereby not our intention to
provide new facts about the subject. Instead, we have attempted to re-evaluate the existing
literature, within the context of our field observations.

Ramon A. Gerrits and Hendrik Baas Amsterdam, April 1997
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Abstract

Antropogenic impacts on fish populations in the Amazon Basin are described and analysed below, based
on a fliterature study carried out in Brazil and The Netherlands, as well as interviews with local fisherman
and scientists. Particular attention is given to the Middle Amazon Basin, which coincides roughly with the
Manaus-Santarem hydroviary ax. In this area alone, an estimated 500,000 riparian settlers currently
depend on fisheries as an important source of dielary protein.

This assesment indicates that traditional fisheries can be regarded as a predominant sub-component of
traditional riparian agricultural systems in the Amazon basin, also in cattle ranching areas. Indirect
evidence even suggests an interdependant relation between the shifting cultivation of cassava and
traditional fisheries.

This study concludes that since the beggining of Operagdo Amazonia, thirty years ago, three major
Jactors have been deteriorating the Amazonian aquatic resources, namely : fishery pressure, mercury
pollution and destruction of habitats ( deforestation, river damming, and canalisation ).

Daily fish consumption among riparian settlers in the Middle Amazon basin is considered one of the
highest in the world. Previous underestimated fish intake rates have led to low estimates of mercury
poisoning and subsistance fisheries production, indicating that the impact on fish populations and the
respective consegences for the rural population (e.g. dwindling catches and mercury pollution) might be
worse than generally presumed up to this date.

Resumo

Impactos antropogénicos nas populagdes ichtyologicas da bacia Amazonica sdio descritas e analisadas
abaixo, baseado num estudo bibliogrdfico no Brasil e na Holanda, além de entrevistas com pescadores e
cientistas. O estudo se concentra na bacia do Médio Amazonas, tomando-se como referéncia o eixo
hidroviario Manaus-Santarém. Se estima que atualmente nestas imedia¢des 500.000 ribeirinhos
dependem da pesca como principal fonte de proteina alimentar.

O levantamento indica que a pesca tradicional pode ser considerada como um sub-componente que
predomina entre os sistemas agricolas ribeirinhos, inclusive em dreas de criagdo de gado. Evidéncia
indireta sugere até mesmo uma relagdo de dependéncia mitua entre o plantio da mandioca e a pesca
tradicional.

Se concluiu neste estudo que desde o comego da Operacio Amazénia, hd trinta anos, oS recursos
agudticos na bacia Amazonica estéio se deteriorando, principalmente devido a tres fatores ! a pressio
pesqueira, a poluiciio de mercirio e a destruigdo de habitats ( desmatamentos, barragens de rios e
canalisagdo ).

Estimativas anteriores ndo consideraram os altos niveis de consumo de peixe entre a populagdoda bacia
do Médio Amazonas, o que levou a se sub-estimar os niveis de contaminacio de merciirio vigente entre
ribeirinhos, assim como os reais niveis de produgdo da pesca de subsisténcia. Isto pode significar que o
impacto da Operagdo Amazdnia sobre os recursos pesqueiros e as suas consequencias para a populagéo
ribeirinha podem ser piores do que se presume até agora.



Schematic Overview
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Problem : Deterioration of commercial fish stocks.
Symptoms : Declining fish populations and mercury contamination.
Direct Cause : Operacao Amazonia,

e.g. : demographic explosion / urbanisation/ tecnological
innovations / improved infrastructure / cattle ranching
(deforestation) / goldwashing / hydro-electric dams.

Indirect Causes : Failing regional and national small-scale agricultural policies /
deficient management and controll of aquatic resources / external
economic influences / introduction of innaproprate agricultural
techniques / insufficient knowledge of the Amazonian naturat
environment.

Impacts on Fish stocks :

Effects for Ribeirinhos:

Consequences :

Policy Options :

Structural Measures :

Management Options :

Further research :

Intensified fisheries / mercury pollution / habitat
destruction.

Higher fishing efforts / lower catches / shifts towards other
fish species / mercury poisoning.

Conflicts over fishing grounds/ public health problems /
urbanisation / environmental degradation.

Institutional protection of the subsistance economy, in
support to traditional forms of fisheries / Diversification of
local agricultural production, as to provide sources of
income for riparian settlers / law enforcement.

Implementation of the 1992 UNCED proposals for the
sustainable development of the Amazon Basin.

Pulse fisheries / fisheries extractive reserves in all black
water rivers / introduction of small-scale aquaculture /
liberalisation of fish prices.

Appropriate agricultural systems / appropriate rural
tecnology / aquatic ecology / subsistance household
economy, especially of black water settlers.
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Figure 2: The Brazilian Amazon River




Figure 3: The Middle Amazon Basin
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Introduction 1

Introduction

The Amazon basin (figure 1) is the largest freshwater system on earth, with dimensions
comparable to that of a sea and an aquatic fauna as diverse and abundant as found living among
tropical coral reefs. Not surprisingly, fish and other aquatic animals traditionally formed the main
source of dietary protein for local inhabitants, as well as a readily accessible opportunity for
mcome.

However, changes brought with "Operacao Amazonia" - a large-scale program implemented in
the early '70's to open the Brazilian Amazon Basin (see figure 2) for resettlement projects,
together with industrial, mining and agricultural developments - led to several impacts on the
aquatic enviroment and in particular on its fish populations, with consequences for low-income
households living along the rivers. These riparian settlers, or ribeirinhos (see methodology,
below), report a depletion of commercial fish stocks, along with steadily increasing fishing efforts
over the last decades. For this, they tend to blame urban fishing fleets, frequently leading to
conflicts with commercial fisherman.

This document is an attempt to give an updated insight around a central issue : the impact of
Operacao Amazonia on fish populations in the Middle Amazon basin (see figure 3) and its
consequences for local ribeirinhos. The focus therefore remains on fish as a strategic renewable
resource, influencing the quality of life of an estimated population of 500.000 riparian settlers.

For a better conceptual understanding of the problem, the history and the dimensions of Operacao
Amazonia is briefly described in the first part of this report (part I- Backgrounds), along with the
dynamics of Amazon ichthyology. In the second part (Part II - Impacts on Fish Populations),
agents of change from Operacao Amazonia and their respective impacts upon commercial fish
populations will be discussed, hereby divided into three categories : fisheries, mercury pollution
and disruptions of aquatic habitats. The third and last part assesses the consequences for
ribeirinhos, followed by a discussion and our recommendations on the subject.
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Methodology

Although human occupation of the Amazon Basin has been in progress for thousands of years,
Operacao Amazonia was taken as framework for this study because according to Kohlhepp
(1984) it represents the largest and most expensive development-project ever implemented by a
southern nation [... ] in an attempt to colonize a region which has hitherto been considered
hostile to settlement.

In this report we will therefore refer to the term 'Operacao Amazonia' as a set of institutional
measures which opened the basin for an unprecedented human colonization, with an equally large
impact on the enviroment. Since it represented a new phase in the exploration and exploitation of
the natural resources of the basin, the onslaught of this mega-project provided a knittid 30 year
time-scale for our work, along with which the developmental impacts on fish populations could be
assessed over a longer term.

Furthermore, the implementation of Operacao Amazonia shaped the current conjuncture of the
Brazilian Amazon basin, whereas the adopted development-model - based on unlimited
exploitation of the natural resources - is still widely applicated today. The administrative
structures which were created under the auspices of Operacao Amazonia also remain largely
intact. Hence, any instruments for institutional and cultural changes, necessary towards a more
sustainable development of the Brazilian Amazon basin, should consider this historical context as
the omnipresent background of the current occupational process.

The Middle Amazon basin (see figure 3) was taken as geographical delimitation of our study
because it is considered a homogene area, economically destinctive from the Jower and upper
courses of the Amazon river. According to the here adopted definition, the Middle Amazon
Region stretches from Santarem, at the right margin of the Tapajos rivers - until manaus, at the
left bank of the Negro river. It comprehends the floodplains on both margins of the Amazon river,
together with the northern clearwater tributaries originating in the Guyana shield, while it
excludes the Tapajos, Madeira and Negro basins because of their different geological origins. This
division roughly coincides with the junction of two subregions, namely, Northwest Para (PA), or
Medio Amazonas Paraense (IBGE 1983, IDESP 1994), joined together with the region described
as Central Amazonas (AM), or Centro Amazonense (IBGE 1991).

Although the definition above crosses the boundaries of the states Para (PA) and Amazonas
(AM), showing therefore no political continuity, the homogenity of the region is based mainly on
the economic activity around the fluvial ax Manaus-Santarem. This waterway, with an extension
of aproximatly 700 km, is essential to the local economy as it provides the main access to the
hinterlands of the region. Manaus (AM) is hereby the foremost reference of the ax, outweighing
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Figure 4 : Approach to the analysis of interactions.

Operacao
Amazonia

Environment

A: Fish Populations
B: Rural Population (Ribeirinhos)
C: Urban population

B + C : Human Component

the Santarem-pole (PA) in economic importance. Furthermore, as Northwest Para is sparsely
populated and in fact situated closer to Manaus (AM) than to the state capital Belem , there are
stronger cultural interactions with the more densely populated Centro Amazonense, especially in
the rural areas of Northwest Para, where the state government is almost absent. Hence, this
cultural homogeinity, together with an economic dependancy on the Manaus-Santarem ax,
determine the profile of our target-group within the geographical context.

As there are no major roads crossing the Middle Amazon basin, the majority of the rural
population is formed by riparian settlers, or ribeirinhos. By definition, they all live along a
waterbody, subsisting on the fish resources simply because it was always there. Even local
cowboys, for instance, whom have more access to beef, subsist mainly on fish, especially in the
abundant floodplains. The term ribeirinhos therefore includes a variety of ethnic groups, fishing
techniques and scales of market-orientation. It is also a very mobile group, as extended
households in the Middle Amazon traditionally present compositions that are dynamic and
subjected to regular rotations. As such, many of this extended rural households may even dispose
of shelter in towns, as is customary throughout the Region. Ribeirinhos may also either live in
floodplain areas, along clearwater tributaries - or in both places, depending on the season. They
may practice subsistence agriculture, hunting, gathering, or cattle husbandry. In fact, the only
aspect this target-group has in common is that they represent low-income extended households
living along the margins of inland waterbodies and whose members fish regularly for their
provision of dietary protein. The term riparian settler, or ribeirirho, is therefore not absolute, as
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any settler who moves into an urban center is not considered anymore as a2 member of this group.
On the other hand, anyone who moves from an urban center to live under subsistance conditions
along the margins of a inland waterbody of the Amazon basin can, from that moment, also be
considered a ribeirinho.

In contrast to the fisherman based in large urban centers of the Middle Amazon basin (namely;
Manaus, Parintins, Oriximina, Obidos and Santarem), to riparian settlers fish represents not just a
commercial item, but an essential commodity, for withouth it there are few alternatives for
survival in the interior wetlands. Therefore, seen from the rural perspective, we consider the fish
resources as one of the most important strategic assets of the Middie Amazon, assuming that any
detrimental impact will also produce immediate effects for ribeirirhos.

These effects will be illustrated in this report by an analysis of impacts upon commercial fish
species, which are considered as the interfase of the collective fish resources and the human
component of the biosphere. It was the analysis of interactions between these two components
and the fysical enviroment (see figure 4) which finally determined our conclusions and
recommendations.

Since there is a lack of comparative data to quantify the impacts of Operacao Amazonia on the
fish resources of the Middle Amazon basin, this study undertakes primarily a qualitative approach
on the subject. It is based on an analysis of data from available literature, besides personnal
interviews with local experts. The latter concerns some of the scientists working on the different
subjects (both in Europe as in Amazonia), as well as fisherman from the Litigated Area between
the states of Para (AM) and Amazonas (AM), in particular from the municipality of Faro (PA).
Most data was collected from August 1995 until June 1996. It was added with regular personnal
observations made at the Nhamunda and Trombetas basins since the mid-1970's.
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Chapter 1. Amazon Ichtyology

1.1 Hydrology

The Amazonian drainage basin spreads over 7 million km? of equatorial rainforest, discharging an
average of 175.000 m%/s or 5.400.000.000.000 m3 of fresh water per year into the Atlantic
Ocean, representing 16-20% of the total global fluvial discharge. Rains feed the streams and the
forests, with half of the rainfall originating from evapotranspiration. This shows the important role
of the forest in the Amazonian climate.

The river originates in the geologically new mountains of the Andes, whereas its erosion produces
the turnidity that produced the typical white colour of this mighty river. Formerly, before the
elavation of the Andes some 10 milions years ago, the proto-Amazon river used to flow from East
to West, discharging into the Pacific Ocean. Due to the former geological event, the western
course was subsequently blocked, forming an inner Ocean, which strongly influenced the shape of
the current river and the composition of its aquatic inhabitants.

The water temperature in the rivers is rather constant, at around 29 C. The enormous flow of
water is pushed through the riverbed, which lies in the depression between the Brasil - and
Guyana shields. The "white" waters Amazonian river can be classified as carbonated, showing a
decreasing content of nutrients as it gets mixed with "black" water tributaries.

The rivers of the Middle Amazon basin drain from the Guayana Shield and are, without
exception, classified as black water or clear water rivers. This subdivision is mainly based on
acidity and coloration, although differences between black-and clear water rivers are not.always
obvious, as this also depends on seasonal variations. Therefore, in this report both will be called
black water tivers, in contrast to the white water Andean rivers. The names of the main black
water rivers in the middle Amazone from west to east are called; Preto da Eva, Urubu, Canacar,
the Uatuma with the Jatapu, Nhamunda and the Trombetas with the Cumina (se¢ figure 3). The
Eastern boundary of the Middie Amazon Basin, as defined in this report, is formed by the
Cuminapanema.

As rainwater (in average 2100 mm/yr) drains from the Guyana shield, it is quickly discharged into
the rivers by a network of innumerous igarapés (forest streams) with 4 total lenght of 10 times
longer than the Amazon river itself. These igarapés contain clear water with leaves on the bottom,
which give origin to the typical coloration of the rivers. As the water reaches the border of the
Cambrian shield, it crosses great falls and rapids. Finding its way through the paleosoic rocks, the
rivers generally meander, thereby forming oxbow-lakes. Further downstream, the rivers cut
through a tertaire sedimentated Amazonian low-land with adjacent lakes with an unclear origin,
rimmed by flooded forest in a landscape of erodated terraces. Nearing the mouth of the river,
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huge mouth-bay riverlakes are formed; called ria-lakes. These lakes have beautiful sandy beaches
and are shaped as a result of the glacial period, when water level was 100 m lower. A good
example is the lago de Faro with a length of 60 km being the ria of the Nhamunda river.

The middle section of the Amazon river has an extension of aproximatly 700 km, from Manaus to
Santarem, riverbed and its floodplains (vdrzea) are 20 to 100km wide. The higher situated land,
covered by perenial forests, is called zerra firme, in contrast to the varzeas. The border of the
varzeas are rimmed by the extension of the black water rivers, as these do not mix with the white
water Amazon.

Along the Amazon river sandy dykes are formed with flat clay plains behind. These plains are cut
by a labyrint of channels (igarapes, paranas and furos) and lakés (lagos). The water regime of the
varzea depends on the annual fluctuation in waterlevel, which reaches a difference of around 9 -15
m each year, continuously changing the landscape as the waters advances and recedes (see figure

5).

During the high water-level season, which lasts approximately from march to august, the varzea is
innundated, filling and expanding the lakes, paranas and furos towards one waterbody. This -
ann,u#i yele is essential for the food web and reproduction strategies of fish species, as they are
ad t0 tapid colonisation of innundated land during rising waters, when new habitats become
available. In fact, the whole human, faunistic and floristic riverine life is synchronized according to
the rainy seasons and the resulting pulse floods, both in the Amazon river and its floodplains as in
the black water tributaries.

Figure 5 - Cross section through the Amazon river (from Sioli 1984)[35]
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1.2. Fish fauna

The Amazon fish fauna is the most diverge of all global fresh water systems, with more than
1,400 recorded fish species and a total estimated at around 2,000 [34]. This high fish species.
diversity can in part be explained by the enormous size of the Amazon basin, considered as one
huge continuous hydrological system, with many important fish species migrating between the
Amazon (white water) floodplains and (black water) tributaries.

Besides the geographical dimensions involved, the diversity of the Amazonian ichtyologic fauna
also reflects a long pluriform natural history, with former connections to most parts of Latin
America and its bordering oceans. With the exception of the cyprinids, alt main (Gondwanian)
freshwater fish taxa are represented in the ichtyological fauna, with some marine representatives
like the ray (Chondrichthyes), hearings(clupeiformes) and other truely marine origin well adapted
to the Amazon. The Inia dolphin (/nia geoffrensis) has close relations with extinct pacific species,
showing the Amazonian relationship with the pacific before the uprise of the Andes.

The fish fauna is dominated by three orders (see appendix I), of which species c.q. genera have
radiated more recently [24]. When the marine Amazonian lake existed during the interglacial
periods isolating the different fish populations, thereby favouring speciation within true freshwater
groups.The major group is the order of Characiformes, containing about half of the species. The
phylogeny is still not clear with many famous species(groups). The order Siluriformes (catfishes
locally called Barges) is the second largest group, with 12-14 families and most are nocturnal and
piscivorous. The order Perciformes is the third group, with 5 families, with the Cichidae as most
important. A characteristic of Amazon ichtyology is also the high proportion of pescivore fish
species within the community, consisting up to 35 % of the total biomass [4][5]. In appendix I, a
list is given with the main genera of the Amazonian fish fauna, while some examples of
Amazonian fish species are illustrated in figure 6.

Both taxanomy as philogeny of many important groups are still partly unclear and many new small
fish species are yet to be described, especially those living in remote igarapés [24]. Only more
recently, investigations have been done to provide a rudimentary understanding of the bmlogy of
Amazon fish. Based on these, a list of autoecological data of some commercial fish species is
presented in appendix II. For more information on the history of ichtyological research in the
Amazon basin, see Junk (1984)[34]. For a broader understanding of ecological aspects of
Amazon ichtyology, we would like to refer to [23] [24] [34] [35] [52] [541.

For the purpose of this report the yearly seasonal cycle of hydrologic events will be briefly treated
below, as the ever changing aquatic environment, ruled by the flood pulse, largely determines the
feeding habits and migration patterns of Amazonian fish fauna. In figure 7, for instance, we see
that the high water period is the main growth-and feeding season for the fish, whereas in the low
water season there is a strong reduction of fish biomass, which is heavily predated by dolphins,
caimans, birds and man.




Fig. 6.1(a). South American freshwater fishes 1. (A) Potamotrygon
stingray (30 cm, Elasmobranch); (B) Lepidosiren lungfish (50 cm,
Dipnoi); (C} Anableps foureyefish (15 cm, Anablepidac); (D)
Osteoglossum (50 cm, Osteoglossidae); (E) Electrophorus electric eel
(60 cm, Electrophoridae); {F) Cofomesus pufferfish (Tetraodontidae);
(G) Cichlasoma (10 cm, Cichlidae); (H) Cichia (40 cm, Cichlidae); (I)
Crenicichla (25 cm, Cichlidae); (J) Hoplosternum (15 cm,
Callichthyidae; (K) Ancistrus (15 cm, Loricarildae), (L) Megalodoras
(70 cm, Doradidac); (M) Hypostomus (15 cm, Loricariidae); (N)
Pimelodus (30 cm, Pimelodidae); (O) Arapaima (150 cm,
Osteoglossidae); (P) Pseudoplatystoma (120 cm, Pimelodidae); (Q)
Vandellia (4 cm, Trichomycteridae).

Fig. 6.1(b). South American freshwater fishes 1L, illustrating the
adaptive radiations in characoid fishes. (A) Gasteropelecus (6 cm); (B)
Tetragonopterus (12 em); (C) Brycon (50 cm); (D) Leporinus (30 cm);
(E) Anostomus (12 cm); (F) Characidium (4 em); (G) Poecilobrycon (4
cm); (H) Metynnis (12 cm); (1) Colossoma (50 cm); (J) Serrasalimus (30
em); (K) Prochilodus (40 cm}; (L) Boulengerella (45 cm); (M)
Acestrorhynchus (20 em); (N) Hoplias (30 cm); (O) Hoplerythrinus (25
cm); (P) Hydrolycus (60 cm); (Q) Salminus (50 cm).

Figure 6 -Some illustrated examples of Amazoinian fish species (After Lowe-McConnel)[41]
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Figure 7 - Seasonal cycle of events (After Lowe-McConnel)[41].

During rising water level the fish colonises the innudated land and the expanding lakes, while
terrestial plants and insects become readily available. In the floodplains ( varzeas), the
decomposition of plants accellerates the primary production, subsequently the secondary
production in the water and the direct consumption (detritus) by fish. Because of the high
Biological Oxygen Demand (BOD) during this period, many Amazonian fish species are adapted
to low Dissolved Oxygen (DO) concentrations.

There are two types of fish migrations that can de distinguished : spawning migration, when fishes
migrate to spawning grounds, and dispersal migration, when they migrate to feeding grounds.
There is no general synchronisation pattern discerned among Amazonian fish species, and these
kind of migrations may occur during both descending or rising water levels.

The abundant fish production of the basin is mainly due to the presence of the Amazon
floodplains, where nutrient-rich alluvial sediment is deposited during the flood pulses. Bayley
(1989, 1995)[4.5], based on an ecological study of different sites within the Amazon basin
estimated the total biomass production at the varzeas at 280 Kg/ha, or.around 5 times the
standing biomass. Theoretically, taken over the whole basin, the Amazonian floodplains would
thereby be able to produce a total of about 1 million ton of fish per year. However, Bayley himself
assumes that only 2,7 % can be harvested in the form of fisheries. The rest of the biomass would
consist of recruitment generations, very small fish (<25 cm) and other fish not suited for
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consumption. This figure also takes into account natural predation and starvation rates. Bayley
therefore establishes a theoretical sustainable yield of 5 t/Km2/yr, or 34% (14,4 ton/km2) of the
proportion of the standing biomass with an individual size larger or equal to 25cm. Welcomme
(1979)[62], based on fishery vields from African floodplains, empirically estimated the sustainable
yield of the Amazonian floodplains to be around 40 -60 Kg /ha , reaching more or less the same
conclusion.

Figure 8 - view from a flooded forest (igapo) near Faro (PA).

In black water rivers, during the highwater season the most important biotope for fish is formed -
by igapd (flooded forests - see figure 8). These ciliary forests provide not only shelter for the fish
against dolphins (Sotalia fluviatilis and Inia geofrensis) and seine fisheries, but also forms the
most essential source of allochtonous nutrients for the ichtyological food web in blackwater
environments. Namely, many Amazonian fish species are adapted at eating leaf litter, fruit, séeds
and arthropodes that fall from the trees during the floods [23][24]. This external supply of energy
fuels the food web, contributing to the local fish diversity. The igapé fish fauna is thus
characterized by its large diversity of species, high spatial organisation and low population size,
set within a highly unstable dynamic system [29].

1.3. Current ichtyological research

Until now, there is still much to be studied on Amazonian fish, especially when compared to the
ichtyological knowledge available in northern industrialised countries. The vast area, its isolation,
the lack of financial and scientific resources and the uniqueness (complexity) of the ecosystem
inhibit a good understanding of the fish and its environment. Hereby, there are three types of
knowledge contributing directly to the current research of fish population
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- fisheries research (landing statistics, catch/effort analysis, etc.)
- biological research (ecological knowledge of the species and its interrelationships)
- expierence (mainly from local inhabitans whom dependend of fish)

1.3.1. Fisheries research

Most research has been done on commercially interesting fish species, mainly in the Middle
Amazon basin. By monitoring the fish stocks and its prodcuction, scientists would (in theory) be
able to determine an optimum exploitation level.

The most simple way of doing this is to check the local market and weight of the total catch.
Petrere (1982; 1989) [47]]6] has done a lot of work on this issue, mainly at the fish landings in
Manaus. This kind of quantitative statistical analysis is generally combined with interviews of
fisherman, as to provide the relation between production (catch) and the amount of effort invested
(catch/effort analysis). Combined with biological parameters, such as natural mortality and
recruitment rates of the different fish species, the impact of fisheries could then be derived.

Especially in Northwestern industrialised countries, mathematical models are used to describe the
biological dynamics of a single fish species, based on which fisheries quotas are subsequently
established.For tropical waters, a multi-species mathematical model is generally used, adapted
from the classical Schaefer (1956)[5] single-species model. This multi-species model, developed
by Pauly (1982)[46] does not make a distinction between different species, but instead treats the
total fish biomass as a whole.

About the multy-species model, Petrere (1982) [47] concludes: Pauly's formula [... ] implies that
the stock of Tambaqui is largely underexploitated. [... ] Although the fishing effort for the
Tambagqui consistently decreased through 1976 to 1978, no pattern emerges from the catch per
trip [...]. [When] overexploitation has been taken to be fishing at a level which exceeds the
maxium yield per recruit; this is termed growth overfishing (Cushing, 1976). However, the yield
per recruit analysis does not include a stock and recruitment relationship (ignoring the constant
assumption) and it is impossible to say whether high values of F would result in low yields due to
recruitment overfishing. We therefore conclude that this kind of analysis is not suited to describe
the impact of Amazonian fisheries on the stocks.

We thus face the problem of 2 model where its aims are not suited for its purpose. Moreover,
even in temperate water systems, where there is more thorough biological knowledge of the fish
fauna, single model fisheries has proved its limitations, because it does not take into account an
array of unknown ecological factors which apparently still influence the performance of fish
populations. Other quantitative fisheries research, as for instance by the release of labeled fish,
have been applied in the Amazon basin, but also did not prove succesful.
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Qualitative research, on the other hand, is based on the assumption that fish on the markets can be
regarded as a representative sample of the total fish populations. By taking the length and weight
of fish on the market, conclusions might be drawn on the growth and the reproduction ability of
the fish population. Also assumptions on (growth-) overfishing can be deduced from this data.
This would mean roughly that when the size of the market fish reaches in average under the
mature size, overfishing is occuring. This is a cheap and simple method, which can be combined
with catch and effort models. Isaac and Ruffino (in press), for instance, have used this method
succesfully to establish the overfishing of tambaqui (Colossoma macropomum) in the
surroundings of Santarem [33] (see also 1.4. definitions of overfishing).

1.3.2. Biologtcal research

Biological knowledge is in itself important to be able to estimate the potential fish production in a
determined type of waters. Based on ecological principals of trophical leveis (the food or energy
conversion from producers to consumers within an ecological system) , calculation on primary
production (the conversion of energy from the sunradiation into biomass) in a given area can be
related to an overall fish production estimation. The results can then be compared with different
fish yields (c.q. productions) around the tropical world and the different waters within the basin
itself [4][41][62].

1.3.3. Experience

Fisherman generally have a very good understanding of the taxanomy and the behavior. of the fish,
which is essential for their succes. Since thier knowledge is local and not expressed in scientific
terms (if at all), this source of information is, because of many reasons, hard to explore.
Interviews, observations and participating research are hereby applied.

Also, based on sociological research, fish consumption figures can be translated into fisheries
production estimates. For Amazon fisheries, this is practically the only method to calculate the
probable yields. Nevertheless, experience of the ribierinhos (like their observations of the decline
of their fish) can not be ignored. It is even considered essential, given the current lack of
knowledge on fisheries research in the Amazon basin.

1.4. Definitions of overfishing

The richness and stability of the Amazonian fish community is a delicate equilibrium, being
sensitive for disruption. As Lowe-McConnell (1987)[41] states ; once disrupted, the very complex
web of interrelationships will recover very slowly, or not at all if irrevocable damage has been
done. Since the existing fisheries statistics and the ecologicat knowledge on Amazon fish is
minimal, traditional managment options for sustainable fisheries, such as imposing quotas, can
little rely on mathematical models to set standards and limits. Moreover, control will always pose
a problem for such a large and isolated area (see 2.8). Until recently, most of the Amazonian fish
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fauna was in fact "protected" by the difficult access of most fishing grounds, but improvement of
the infrastructure over the last 30 years have led to a more intensified fisheries [4 ][34], while
controll remained deficient. ‘

According to Pauly 1982 [46], three types of overfishing can be distinquished :

a)

b)

a) growth overfishing
b) recruitement overfishing
¢) ecological overfishing

Growth overfishing : when mostly immature fish (that is, not yet taking part in
reproduction) of a certain species is caught. This is the most commonly observed kind of
overfishing, where traditionally big specimens of a fish species tend to disappear first.

Recruitment overfishing occur when the parent stock within a certain fish population is

_ strongly reduced, such that not enough young specimens are produced within the

population to maintain itself.

Ecological overfishing is based on observed changes in composition of species within the
whole fish community. This has been recorded for instance in the Guif of Thailand, where
the catch of small fish species predominates ("trash fish"), while the ecological role of
invertebrates has increased. Not only has the species composition changed, but also a
higher proportion of smaller species are now being caught, while the average size of fish
within the species has also declined. Hereby, a shift towards a predominantly "sardine and
worm" community can occure, with poor and irregular fisheries yields as a result.
Curiously, the total production under these conditions can even increase when compared
to the original multi-species situation.
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Chapter 2. Operacao Amazonia

2.1. Brief history

Until the begining of the 1960's, with the completion of the Belem-Brasilia highway (not asfalted
until 1973), the Brazilian Amazon basin was relatively isolated from the rest of the country, with
its delta providing the main access. Hereby, the challenge of the almost uninhabited and
economically unexploited Amazon basin (representing 60% of the national territory) has
repeatedly induced Brazilian politicians and planners to try to formulate development models and
exploitation strategies for this region.

When the military came into power in 1964, there was an urge to incorporate the basin into the
economy of the more settled areas of Brazil. With the purpose of stimulating national economic
growth and to reaffirm Brazilian sovereinity over 5 million km2 of tropical lowland (representing
around 60% of the national territory), the ambitious "Amazonian Operation" was concieved. As a
result, in 1966 SUDAM (Superintendencia do Desenvolvimento da Amazonia) was created to
re-organize the planning of the region, after the mainly abortive attempts of SPVEA -
Superintendencia do Plano de Valorisacao Economica da Amazonia, and to implement the
government's new specific economic objectives for the basin [37].

Carried out along the lines of a military exercise, the strategy of Operacao Amazonia consisted
basically in the opening of a series of transversal roads (2 south-north and 2 east-west axes)
crossing the region with a total stretch of more than 10.000 km. Along these axes the natural
resources would be exploited by organised settlers and subsequently transported by trucks to
processing and market centres. Private investment was incentivated through the provision of
funds and tax-reduction facilities for mining, industrial and cattle-breeding enterprises.

To make this possible, the government had to improve the local infrastructure (expansion of river
ports and inland waterway transport, air transport, railways and telecomunications), while the
energy needed for industrial and urban centres would be provided by taking advantage of the
hydroelectric potential of the basin.

The first directives for the large-scale colonisation of Amazonia along development axes were
hereby articulated in a five-year plan, the PIN (Plano Integracao Nacional or National Integration
Plan). An important measure within these directives, INCRA (Instituto Nacional de Colonisacao e
Reforma Agraria) would ressettle landless migrants from the drought-strikken Northeast of Brazil
in a 20 Km-wide stroke along the by then partially completed east-west ax, the Transamazonica’.
In the meantime, the so-called RADAM project would assess the economic potential of the basin's
natural resources, by means of aerial photography and other interpretation methods requiring a
great deal of technical expenditure [37].

L The other East-west ax, the Perimetral Norte, planned along the Northern border of the national frontier,
was never completed, although it still figures on the national agenda,
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However, as soon as it became clear that the PIN agrarian settlement targets were unrealistic due
to inappropriate agricultural practices and many organisational problems, from 1975 on - with the
advent of the Il Plano Nacional de Desenvolvimento (or I PND - SUDAM), the regional
planning strategies in Amazonia have been concentrated upon a development pole concept,
inspired by the ideas of Perroux (1955)[in 28]. This second Development Plan incentivated the
creation of localized pockets of either large-scale mining or cattle-raising activities (with the
possibility of industrial processing) spread throughout the basin. Called "Grandes Projetos de
Impacito", or Development Poles, they could be devised according to the new information
provided by the results of RADAM surveys during PIN. Since then, planners regarded the
"trickle-down" effect emanating from these large-scale projects as the foremost
development-mechanism for the basin .

The Middle Amazon basin was tagged as one of the areas with priority in the SUDAM 1972 -
1974 Regional Development Plan, combining state and private efforts to integrate this region (see
figure 9). As part of the state action, the two South-North axes of Operacao Amazonia where to
reach the area from Cuiaba (BR-163 : Cuiaba-Santarem, 1.789 km) and Porto Velho (BR-310 :
Porto Velho- Manaus, 870 km). Both were completed, whereas only the latter is totally asfalted,
forming currently the main rodoviary artery for the Middle Amazon basin.

Figure 9 - Spatial organisation of public and private development projects in the Amazon Region - Amazonia
Legal (from Kohlhepp 1984)[37].
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