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Abstract Freshwater fisheries are mainly small-
scale activities and occur mostly in developing
countries. These fisheries are recognized for its
chronic lack of data and incipient knowledge when
compared to large-scale fisheries, despite its socio-
economic and food security relevance. Brazil is a good
model of small-scale freshwater fisheries country
because it shares similar characteristics and short-
comings of many other countries in South America,
Africa and Asia, where these activities prevail. This
work aims to carry out a broad and comprehensive
analysis of the approaches and limitations of Brazilian
freshwater fisheries studies through a scientometric
analysis. We conducted an exhaustive survey of
scientific platforms such as the Web of Knowledge
Thomson Reuters (ISI), Scientific Electronic Library
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Online (SciELO), Google Scholar and CNPq Lattes
Curriculum Vitae Database. We found that the plat-
forms ISI and SciELO were limited for this area of
knowledge as they recovered only 47 % of the 186
studies reviewed. Brazilian freshwater fisheries stud-
ies were published in 72 journals and were conducted
by 234 researchers, with very few specialists. On
average the data processing into scientific information
took 5 years, and half of the studies were conducted in
short time scale (less than 2 years long) mostly by
research institutions and universities. The number
studies declined since the year 2008, after the creation
of the Ministry of Fisheries and Aquiculture, which
indicate that the fallacy of disregarding scientific
knowledge may be permeating decision making
agencies as already happen in the past in Brazil. The
combination of these factors may cause slow and
inefficient decision-making and management based on
the best available science. Our results also highlighted
the importance of multidisciplinarity in the training of
human resources to work in the fishing sector.

Keywords Inland fisheries - Stock assessments -
Reservoir - River - Floodplain - Amazon
Introduction

The world human population, which exceeded 7

billion in 2011 (Bloom 2011), consumed 130.8 million
tons of fish in the same year (FAO 2012). Freshwater
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fisheries are valuable suppliers to meet the growing
demand for fish, its recorded production has increased
almost linearly since 1950 (Welcomme 2011). Inland
fisheries in developing countries are relevant both for
food security, as protein suppliers, and for poverty
prevention, as source of income and employment
(World Bank et al. 2010). About 56 million workers in
developing countries and 2 million in developed
countries work on freshwater fisheries. Of the 9 billion
dollars generated annually from the inland fisheries
catches, 8 billion dollars come from developing
countries (World Bank et al. 2010).

Fisheries of developed countries are in general,
well studied; but the small-scale fisheries in develop-
ing countries may have its importance underestimated,
since the national statistics of these countries have
gaps (Garibaldi 2012), a problem of particular concern
for inland fisheries (Welcomme 2011). In order to
better estimate the magnitude of small-scale fisheries,
the Fisheries and Agriculture Organization of the
United Nations (FAO) deviced the “Big Numbers
Project”. Its preliminary results reinforced the fact that
freshwater fisheries are greatly underreported due to
its attributes of being mostly informal and much
dispersed activities (World Fish Center and FAO
2008). Recent reviews on the state of world fisheries in
general overlook omit small-scale and freshwater
fisheries (e.g., Hilborn et al. 2003).

Deeply understanding fishing systems, especially
small-scale fisheries, is an arduous task, because they
are complex socio-ecological systems that need to be
studied from different angles in a holistic manner, due to
its multidisciplinarity (McClanahan et al. 2009). Activ-
ities involved in fisheries science can be divided into
monitoring, research and decision-making (Charles
2001). In a classic view, fisheries science is dominated
by studies of fisheries ecology. However, both studies
related to fisheries economy and the social processes
should be included and analyzed together with the
ecology of the resources (Castello 2008). Another
key factor in fisheries science is the involvement of
diverse stakeholders (Vieira et al. 2005), which include
governmental institutions, international agencies, uni-
versities, private sector, organized civil society and
fisher organizations (Charles 2001). Therefore, studies
about management and governance are also critical to
the understanding of fisheries systems (Castro and
Mcgrath 2003; Agostinho et al. 2004a; Gomes et al.
2004; Castello et al. 2009).
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In view of the complexity of fisheries systems, its
socioeconomic relevance, and the chronical overlook-
ing of small-scale fisheries in general and of freshwa-
ter fisheries in particular, there is an pressing need to
assess the what has been learnt in the field of
freshwater fisheries. Brazil is a good model to
represent the small-scale inland fisheries country,
because is one of the majors global producers of fish
originating from inland fisheries (World Bank et al.
2010) and it partially encompasses the first and fourth
largest hydrographic basins in the world (Amazon
River basin and Plata River basin, respectively, Quirds
1990). Moreover, this country presents a typical
framework of problems, such as the lack of system-
atization of national fishing statistics, which are likely
to be shared among other countries that have relevant
inland fisheries production. Although reported in
periodic bulletins, the national fisheries statistics
should be treated with caution since the national
system for collecting these data is not reliable due to
the lack of funding allotted for its functioning since the
mid-1970s (Petrere 1995). Many studies have criti-
cized the quality and quantity of fisheries data in
Brazil (Welcomme 1990; Petrere 1995; Agostinho
et al. 2007a; Junk et al. 2007), additionally, the
available fisheries data is frequently or scattered in the
scientific literature (Petrere 1989) or in unpublished
internal reports that are difficult to access (Agostinho
et al. 2007a). The precariousness of fisheries data
associated with a high level of uncertainty in this area
of knowledge (Kinas 1996) and the difficulty for
decision-making institutions to carry out monitoring
and management leads to poor utilization and over-
exploitation of some of these resources in developing
countries such as Brazil (Petrere 1986; Agostinho et al.
2007a; Mateus and Penha 2007).

In this work, we conducted a scientometric analysis
of freshwater fisheries studies in Brazil in order to
identify the following aspects: subject, funding
agency, type of environment, types of fisheries;
statistical/scientific tools, sampling coverage, tempo-
ral and spatial scale. In addition, an index was
proposed that represents the time interval from data
collection to the production of scientific information.
Our objective was to contribute to the scientometrics
of fisheries science, and also to provide information
that can alert and help decision-making institutions.
Studies using scientometric analyses have generate
bold understanding of the performance of specific
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areas of science. In Brazil, these techniques have being
used in health sciences (Pereira and Escuder 1999),
management sciences (Pereira et al. 2000), psychiatry
(Leta et al. 2001; Figueira et al. 2003) and limnology
(Melo et al. 2006).

Methodology

The theme of the analysis of this work was the studies
on freshwater fisheries in Brazil. We made an
exhaustive survey of the scientific literature. The
search was done in two steps with the objective of
obtaining an adequate representativity of these studies.
The first was finalized in August 2011 and was carried
out in the scientific platforms Thomson Reuters Web
of Knowledge (ISI), Scientific Electronic Library
Online (SciELO) and Google Scholar, while the
second was performed in the platform Lattes, which
is a Curriculum Vitae Database of the National
Council for Scientific and Technological Develop-
ment (CNPq; The National Research Council of
Brazil). The studies found were tabulated in an
electronic spreadsheet.

In the ISI and Google Scholar platforms, searches
were initially made with the following terms (fresh-
water*; +; fish*; +; Brazil*), (Inland*; +; fisheries*;
+; Brazil*) and (wetland*; +; fisheries*; 4; Brazil*),
but these terms yielded many non-relevant studies.
Thus, in these platforms, the final search was carried
out with the following terms (fishery; +; Brazil; +;
fish*; —; marine; —; coastal; —; sea) combined with
the operator “or” with other terms (fisheries; +;
Brazil; +; fish*; —; marine; —; coastal; —; sea). Using
this search format, all the works found in the
exploratory phase were recovered in addition to other
relevant ones. In the SciELO platform, the search term
was “fisheries.” The order of the platforms searched
was: ISI, SciELO and, lastly, Google Scholar. The
authors of at least four studies were identified and a
search was made in their curricula in the Lattes
platform. As more studies were added to the database,
a new search of curricula was carried out, following
the same criterion. All the studies found in these
searches were inspected to verify whether they truly
addressed aspects relative to freshwater fisheries. For
studies indexed in ISI, a temporal series was con-
structed of the number of citations that they obtained.
With the purpose of finding the first study available in

the scientific literature about inland fisheries in Brazil,
the references of the earlier studies were tracked.

The tabulation of the studies included information
about the publication (year of publication, journal,
index platform, authors and their institutions of origin
and institutions providing financial or logistical sup-
port cited in the acknowledgments), the data utilized
(data collected and initial and final dates of the
collection of data), the study area (type of environment
and localization) and the statistical tools utilized.
When the investigator cited more than one institu-
tional affiliation, only the main one was considered.

The studies were categorized with respect to the
ecological level of organization (ecosystem, commu-
nity, population), or whether they emphasized human
aspect of fishing, and to the theme investigated. The
following themes were defined a priori: Stock assess-
ment; Ecology of fisheries; Human ecology; Econom-
ics; Fishery statistics; Local ecological knowledge;
Genetics; Management; Impacts of dams on fishing;
Legislation; Selectivity of fishing gears; and Socio-
economics. Most of these themes are specific, while
some are general. In the theme Ecology of fisheries we
included descriptions of fisheries landings, analysis of
fish catches according to explanatory variables such as
abiotic factors, fishery location, and fishing gear,
among others; prediction of captures; analysis of fish
discard; and characterization of the fisheries fleets. The
category Management encompasses studies related to
conflicts in fisheries, analysis of fishery agreements
and/or regimes of use; comparison of two or more
different fisheries strategies; and analyses of manage-
ment guidelines.

The studies were also classified according to the
hydrographic basin in which they were conducted. The
map of the hydrographic basin was generated from
the data obtained by the System of Hydrological
Information (HidroWeb, http://hidroweb.ana.gov.br/)
of the National Agency of Waters (Agéncia Nacional
de Aguas 2011) utilizing the ArcExplorer program.

The institutions of origin of the investigators were
categorized with respect to the type institutional in
Research Institutions (all research institutions, centers
and institutes of the Brazilian government or not,
which can be belong to universities), state and
federal universities, international agencies, agencies
of the federal, state or municipal government, private
sector and organized civil society. The institutions
cited as source of funding or logistical support were
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categorized as CNPq (the main funding agency for
research in Brazil), other government agencies (e.g.,
ministries, IBAMA—the National Environmental
Agency, in charge of enforcement and environmen-
tal licensing—, ICMBio—Nationtal Environmental
Agency, in charge of the Federal Protected Areas—
and state environmental agencies), international agen-
cies, public universities, foundations for research
support/assistance, research institutions (all research
institutions, centers and institutes of the national
government or not, which can be belong to universi-
ties), energy sector (public and private), organized
civil society and private sector. The category CNPq
was separate from the category government, because it
could mask the other governmental institutions, due to
its high participation.

Results
Search platforms and journals

Our study revealed that the publication in scientific
journals of studies on freshwater fisheries in Brazil
began in 1978, with two articles about Amazonian
fisheries (Petrere 1978a, b), followed by two addi-
tional studies in 1983 (Petrere 1983a; Petrere 1983b).
After 1983, with exception of 1987 and 1992, studies
have been published every year (Fig. 1). Searches in
the IST and SciELO platforms showed in total 450 and
289 studies, respectively, and of these, only 88
pertained to freshwater fisheries in Brazil. Nonethe-
less, 186 studies were tabulated: 59, 29, 16 and 82

were found through ISI, SciELO, Google Scholar and
Lattes, respectively. The number of citations for the 59
total studies found using the ISI platform was 386
(Fig. 1), 13 studies were cited at least 13 times,
resulting in an H index of 13.

The first two studies on fisheries, cited above, were
published in Acta Amazonica, a journal that published
studies in the area of freshwater fisheries up to the date
of this review, leading the list of journals that
published the most studies in this topic (Table 1).
However, this journal only publishes studies about the
Amazon region. The 186 studies tabulated were
published in 72 different journals, with an average of
2.5 studies published per journal; only 44 % of these
journals had more than one study published each
(Table 1). The dominant language of the publications
was English; 103 (55 %) articles were in English
versus 83 (45 %) in Portuguese.

Research institutions and funding agencies

The reviewed studies were conducted by 234 scien-
tists. Although the number of authors was high in
relation to the number of studies, nine of them
authored more than 10 studies and 173 authors
(74 %) published only one study each (Table 2). The
234 researchers were affiliated to 114 different
institutions. More than half of the studies were
completed by scientist of only four institutions: those
of UNESP-Rio Claro (Sao Paulo State University at
Rio Claro) carried out 18 % of the studies, Nupélia
(Center for Research in Limnology, Ichthyology and
Aquaculture) 13 %, UFAM (Federal University of
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Table 1 Number of articles (N) on freshwater fisheries in Brazil per journal

Journal N Journal N
Acta Amazonica 24 Neotropical Ichthyology 3
Brazilian Journal of Biology 16 Zoologia 3
Fisheries Management and Ecology 13 Brazilian Archives of Biology and Technology 2
Boletim do Instituto de Pesca 9  Brazilian Journal of Ecology 2
Fisheries Research 9  Canadian Journal of Fisheries and Aquatic Sciences 2
Acta Scientiarum Biological Sciences 5  Ciéncia e Cultura 2
Hiléia—Revista de direito ambiental da Amazonia 5  Environment Development and Sustainability 2
River Research and Applications 5  Environmental Management 2
Acta Scientiarum (formerly Revista UNIMAR; both extinct)* 5  Interciencia 2
Papers do NAEA 4 TItalian Journal of Zoology 2
Boletim do Museu Paraense Emilio Goeldi. Ciéncias Humanas 4 Journal of Applied Ichthyology 2
Novos Cadernos NAEA® 4 Pan-American Journal of Aquatic Sciences 2
IBAMA. Colecdo Meio Ambiente. Série Estudos Pesca 3 Reviews in Fish Biology and Fisheries 2
Amazoniana 3 Revista Brasileira de Ecologia 2
Aquatic Ecosystem Health & Management 3 Revista Brasileira de Engenharia de Pesca 2
Boletim do Museu Paraense Emilio Goeldi. Zoologia 3

Only the journals with 2 or more publications were listed. The journals that changed names are shown with their current name
% An Acta Scientiarum was extinct, giving rise to several distinct journals belonging to the Acta Scientiarum Collection
® Nucleo de Altos Estudos Amazdnicos (NAEA)

Table 2 Number of studies on freshwater fisheries published per scientist, proportion of studies by type of institution, institutions of
origin of the scientist and the type of institution provider of financial and/or logistic support

Human resources Financial support

Scientist N Type of institution % Institution % Type of institution %
Petrere, M. 35  Research institutions 38.7 UNESP—RC 177 CNPq 36.6
Agostinho, A. A. 18  State University 355  Nupélia 13.4  Government 344
Gomes, L. C. 18  Federal University 349 UFAM 12.9  International Agencies 30.1
Batista, V. S. 16 International Institutions 16.7 INPA 11.8 Public Universities 16.7
Ruffino, M. L. 16 Federal Government 16.1 IBAMA 9.1  Foundations of Research Support  12.9
Freitas, C. E. C. 14 Private Sector 4.3 NAEA 8.1 Research Institutions 10.8
Almeida, O. T. 12 State Government 1.6 MPEG 5.9  Energy Sector 8.1
McGrath, D. G. 12 Municipal Government 1.6 UEG 4.3 Organized Civil Society 8.1
Isaac, V. J. 10 Organized Civil Society 1.6 UFAL 4.3  Private Sector 1.1

UNESP—RC Sio Paulo State University at Rio Claro, Nupelia Center for Research in Limnology, Ichthyology and Aquaculture,
UFAM Federal University of Amazonas, INPA National Institute of Amazonian Research, IBAMA Brazilian Institute of Environment
and Renewable Natural Resources, NAEA Center for Advanced Amazonian Studies, MPEG Paraense Emilio Goeldi Museum, UEG
State University of Goias, UFAL Federal University of de Alagoas

Amazonas) 13 % and INPA (National Institute of studies, and international agencies were cited in
Amazonian Research) 12 % (Table 2). Financial and 30.1 % of the studies. The Energy Sector, which
logistic support of these studies was awarded by 121 may impose major changes in freshwater habitats due
institutions: CNPq was cited in 36.6 % of the studies, to dam construction, funded 8.1 % of the studies

other government agencies funded 34.1 % of the (Table 2).
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Geographic distribution

The Amazon is the most studied basin (103 studies,
55 %), although only 8 studies (4 %) were about the
Amazon region as a whole (Fig. 2). The second
most studied basin was the Parana basin (a grouping
of the Parana and Paraguai sub-basins), with 61
(33 %) studies (Fig. 2). The sub-basins of the Parana
and Paraguai rivers were studied in 47 (25 %) and
15 (8 %) of the articles, respectively. Only one
study covered the Plata River basin as a whole
(composed of the the Parana, Paraguai and Uruguai
rivers sub-basins). The North, Southeast, South,
Central-West and Northeast regions of Brazil were
topic of 108, 28, 27, 25 and 7 studies, respectively.
The entire country was treated in a comprehensive
analysis only in 5 studies (Fig. 2). The reservoirs
were considered as the sole systems of analysis in
39 (21 %) studies. The remaining of the studies was
in rivers (free flooding or dammed) and/or flood-
plains. Artisanal fisheries (subsistence or commer-
cial) were the studied exclusively, or in combination
with other themes, in 174 (94 %) studies, while the
rest (12, 6 %) studies focused on fishing at the
industrial (3), recreational (8) and ornamental fish-
eries (1) levels.

)// 103 iAf---M‘_ M

M_,;L

Basins:

[ Amazon
[J Northeast
[] East SHE :
1 sdo Francisco = Ul
[ Araguaia-Tocantins & {g’

[ Parana ,) . (
[ Uruguay 3 o
[] Southeast £

Temporal scale of the studies and time
for generation of scientific information

The temporal scale of the studies was defined as the
length between the first and last date of data collection,
regardless of the sampling frequency. More than half
the studies (51 %) had a temporal scale of up to
2 years, 20 % spanned less than 1 year, 9 % included
3-9 years of sampling and only 13 % were long term
studies of over 10 years (Fig. 3).

The time for generation of scientific information
was defined as the meantime between the last date of
data collection and the publication of the study, that is,
the moment when the data became accepted as
scientific information. The time for generation of
scientific information on inland fisheries was 5.2 £
3 years; 8 % of the studies took more than 10 years
(Fig. 3). In addition, seven studies did not mention the
sampling dates.

Most studies (104) were undertaken at community
level (that is were multispecific studies), followed by
population (monospecific, 48), human (focus of anal-
ysis being the fishers, 33) and ecosystem (3) levels. The
most studied species was the tambaqui Colossoma
macropomum CUVIER, 1818 (7 studies). The spotted
sorubim Pseudoplatystoma corruscans, pacu Piaractus

State N
Amazonas 62

Para 45

Parana 25
SaoPaulo 24

Mato Grosso 13

Mato Grosso do Sul 11

Minas Gerais 9

\ Bahia 5

=R Goias 5
e I / Acre 3
Sartet RioGrande do Sul 3
: Rondonia 3
Distrito Federal 2

Maranhao 2

Alagoas 1

Amapa 1

Ceara 1

Paraiba 1

Pernambuco 1

Piaui 1

RioGrande do Norte 1

Roraima 1

Santa Catarina 1

Sergipe 1

Tocantins 1

Entire Amazon 8

Brazil 5

Fig. 2 Geographical distribution of the studies according to basin and State of Brazil. The hydrographic basins were standardized

according to Agéncia Nacional de Aguas (2011)
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mesopotamicus and jarqui Semaprochilodus taeniurus
were the target of 3 studies each.

Subjects/themes studied

The main themes of the reviewed studies from 1978 to
1986 were Ecology of Fisheries, Fisheries statistics,
Fisheries stock assessment and Selectivity of fishing
gears (Fig. 4). In this period, fisheries studies were
dominated by the landing information and its analyses.
More than half of the studies up to 2001 were about
Fisheries ecology. This theme declined after 2002 and
reached about 30 % of the studies between 2007 and
2011 (Fig. 4). General reviews on fisheries statistics
and its methodology were published at rate of one
every 10 years. Stock assessments were published in
all periods, but notably in the first half of the 1990s.
The proportion of studies about fisheries Management
grew at the end of the 1980s and reached the peak after
2007 (Fig. 4). From 1995 to 1998, some studies

6 7 8 9 10 11 12 13 14 15 16 17
Years

focused on the impacts of river dams on fisheries, a
theme that regained interest after 2007. The human
factor was not taken into consideration until 1996,
when one publication on Human ecology came out.
Since 1997, articles regarding social and economic
questions rose to high numbers, reaching about 20 %
of the studies up to 2001 and 30 % between 2002 and
2006 (Fig. 4). More than 40 % of the studies published
from 2007 to 2011 were about the social, economic
and/or management issues (Fig. 4). In the last decade,
traditional and local ecological knowledge became the
focus of several studies. Other themes that arose
recently, although in low proportion, are those about
Fisheries legislation and Fisheries genetics (Fig. 4),
the latter consisted of only two publications in 2010.

Statistical/scientific tools utilized

The scientific tools used in the studies were categorized
into 13 types (Fig. 5). The studies that only described
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Fig. 4 Subjects treated in 16
studies of fisheries in 100% 1
freshwater aquatic 90% A ® Genetics
environments in Brazil up to
0O Ethnoknowledge
August 2011 80%
@ Legislation
70% @ Economic
60% A B Socioeconomic
Management
50% A
@ Impacts of impoundment
40% 1 O Human Ecology
30% A @ Fisheries statistic
20% A O Selectictivity
Stock Assessment
10% 1 B Fisheries Ecology
0% - T
<1986 1987-91 1992-96 1997-01 2002-06 2007-11*
Fig. 5 Scientific tools 6 124
utilized in studies of 100% 1 T
fisheries in freshwater O Simulation
aquatic environments in 90% 1 @ Others
Brazil up to August 2011 80% 4 Multivariate
70% 1 O Indices
E Mark and recapture
60% 1 O Review
50% A O Selectivity
B Fisheries Models
40% A
B Nonparametric
30% 1 @ Hypothesis Tests
20% - @ Correlation
B Linear Models
10% A
B Descriptive
0% -
<1986 1987-91 1992-96 1997-01 2002-06 2007-11*

the catch, catch per unit of effort (cpue), size distribu-
tion, relative frequencies or questionnaires results were
classified as Descriptive. Descriptive studies were the
most frequent ones, representing 21 % of all the studies
and corresponding to 17 and 55 % of the studies on
Fisheries ecology and socioeconomics (also including
those purely on economics), respectively. The second
type of tools most utilized were linear models (analysis
of variance, linear regression and analysis of covari-
ance) in 18 % of all the studies and 34 % of the studies
on Fisheries ecology. Half of the studies on Fisheries
ecology were Descriptive or utilized linear models.
The review was another very frequently used tool,
61 % Fisheries ecology and management studies were

@ Springer

reviews. In the 1990s, studies emerged that utilized
mark and recapture techniques, multivariate analyses
(PCA, CA, DCA, MDS and cluster analysis) and
indices (indices of diversity, dominance and similar-
ity), as the main tools (Fig. 5). Among the studies that
applied fisheries models, 15 (68 %) used yield per
recruit models. The Schaefer and spawning biomass
per recruit models, surplus production model and
stock-recruit relations composed the remainder of the
category Fisheries models. From 1997 to 2001, a new
tool was applied, stable isotopes (classified as others in
Fig. 5). As of 2004, studies using Simulation tech-
niques (such as Ecopath with Ecosim and risk analysis)
were published (Fig. 5). All the studies on Gear
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selectivity and Fisheries legislation made use of the fit
of selectivity curves and literature reviews, respec-
tively, as scientific tools.

Discussion

The main government agencies related to scientific
research in Brazil, CNPq and CAPES (Coordination
for the Improvement of Higher Education Personnel;
Coordenagdo de Aperfeicoamento de Pessoal de Nivel
Superior), were created in 1950 and 1951. However,
the first step towards the start of fisheries research in
the country was the creation of the Superintendency
for the Development of Fishing (SUDEPE; Superin-
tendéncia do Desenvolvimento da Pesca) by Dele-
gated Law No. 10 in 1962, which had on its mandate
the fulfillment of scientific studies in order to base the
updates of laws related to fisheries or fisheries
resources. In 1967, the Fisheries Research and Devel-
opment Program was formed in Brazil by Decree No.
60.401 and in 1968 the Decree No. 63.164 concerned
with exploration and research on Brazil’s continental
shelf, territorial seas, and continental waters. In this
last decree, research was defined as any activity
concerning filming and recording, and it was autho-
rized only by previous audience with the Brazilian
Navy (Ministerio da Marinha).

A relevant policy for the development of national
fisheries was that of fiscal incentives established by
Decree No. 221 of 1967 and in force up to 1972. Tax
deductions were made for investments in fisheries
projects, which increased substantially the fishing
capacity and lead to overfishing of some stocks
(Abdallah and Sumaila 2007). However, in SU-
DEPE’s first 10 years, the systematization of research
was unsuccessful; from 1967 to 1972 no allotment of
fiscal incentives for research and of fisheries stocks
assessment was made (Giulietti and Assumpgao
1995). In 1980, the Decree No. 85.394 included the
Fisheries Research and Development Program in
Brazil in the basic structure of SUDEPE and trans-
formed it into the Institute of Fisheries Research and
Development. Before this law, only two scientific
studies about freshwater fisheries had been conducted
in Brazil (Petrere 1978a, b), both published in Acta
Amazonica, created in 1971.

With the end of the military regime, the new
constitution of 1988 and the creation of IBAMA in

1989, the number of studies regarding Brazilian
freshwater fisheries increased. This trend was also
found for ichthyological studies of Brazilian freshwa-
ter environments Azevedo et al. (2010). Between the
creation of the Special Secretariat of Aquaculture and
Fisheries (SEAP; Secretaria Especial de Aquicultura e
Pesca) in 2003 and of the Chico Mendes Institute of
Conservation of Biodiversity (ICMBio) in 2007, the
number of studies increased again, reaching a peak of
scientific production in the years of 2007 and 2008.
However, in the year of the creation of the Ministry of
Fisheries and Aquaculture (MPA; Ministerio da Pesca
e Aquicultura), the number of studies declined, with
21, 19, 15 and 4 studies being published respectively
in the years of 2008, 2009, 2010 and 2011 (first
semester only). This trend may be an indication that
MPA is repeating the same mistakes as SUDEPE,
which focused its efforts and funding exclusively on
the increase in fisheries production and failed to
promote scientific research and decision-making
based on science. The number of studies published
increased markedly between 1994 and 1997, nearly
5 years after the creation of IBAMA, which was the
average time for generation of scientific information
that we found in this study. In contrast, the decline in
the publication of studies after 2008 coincided with the
5th anniversary of the creation of SEAP. In addition,
the shift of research focus from fisheries to aquaculture
production could have also accounted for this decrease
on inland fisheries studies. This situation of hindering
of fisheries research is worrisome and may lead to the
perpetuation of errors and bad habits of decision-
making without taking the scientific results into
account (Petrere 1989; Agostinho et al. 2004a).

With regard to indexing platforms, it should be
pointed out that the ISI platform does not contain the
majority of the studies in the fisheries area found in our
analysis, where only 31 % the studies were recovered.
This finding can be attributed to the relevance of
national scientific communication which, depending
on the scientific subject, can be more expressive than
international communication (Meneghini et al. 2006).
These authors also pointed out the importance of the
SciELO platform for the recovery of regional studies
for Brazilian science (Meneghini et al. 2006). Our
study also demonstrated the importance of the Lattes
platform as an alternative way of searching when
performing scienciometric studies. This platform is
one of the cleanest databanks of research scientists in
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existence (Lane 2010) and a suitable tool for analyzing
Brazilian scientific productivity (Leite et al. 2011). As
already noted by other authors, the utilization of ISI
indicators to evaluate scientific projects and the
performance of the researchers by the agencies
stimulating research should be viewed with caution
(Meneghini et al. 2006), since it does not adequately
include national scientific communications, of partic-
ular importance for some subjects, such as Brazilian
freshwater fisheries.

Scientific studies in the area of fisheries are
published in a much dispersed manner and of difficult
access, as previously pointed out by Petrere (1989).
This fact demonstrates the need for journals that meet
the demand of this area of knowledge, bringing
together multidisciplinary studies, especially those
with fisheries as the main theme, which was also
pointed out by Castello (2008). However, it is
important to note that this work was about studies
published in scientific journals and did not consider
other relevant sources of information on inland
fisheries publications such as books (e.g., Okada
et al. 1996; Ruffino 2005; Agostinho et al. 2007a),
FAO reports (e.g., Petrere and Agostinho 1993;
Agostinho et al. 1994; Quir6s 2004) and COMASE
documents (Coordinating Committee of Environmen-
tal Activities of the Energy Sector; Comité’ Coorden-
ador das Atividades de Meio Ambiente do Setor
Eletrico; Comase 1994).

Many researchers published studies on freshwater
fisheries in Brazil, of those 74 % published only one
article. This showed that the majority of the authors
are not dedicated exclusively to fisheries science. Few
research scientists published more than 10 studies,
which indicate the lack of specialists in the area.
Perhaps this is the result of the small number of
graduate programs with the main emphasis on fisher-
ies. CAPES, which is the solely regulator of high
education in Brazil, recognizes seven graduate pro-
grams in Brazil that may allow for fisheries studies in
general (marine and freshwater; Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior
2011). Brazilian scientific productivity is correlated
with the quantity of master’s and doctoral scholar-
ships, which emphasizes the importance of invest-
ments in capacity building (Leta et al. 1998).
Moreover, Brazilian scientific productivity is more
influenced by human factors than by equipment and
other material facilities (Fonseca et al. 1997).
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The researchers who published the most scientific
studies about inland fisheries had diverse academic
training; only one was an undergraduate on Fisheries
Engineering. In addition, it was observed that the
requisites of an open competition for positions at
the Ministry of Fisheries and Aquiculture restricted
the required training to undergraduate in engineering
(MPA Announcement 001/2010, May 11, 2010). The
Research Institutions were the main institutional
representatives of the research scientists, particularly
Nupélia, INPA, Center for Advanced Amazonian
Studies (NAEA) and Emilio Goeldi Paraense
Museum. These institutions do not have fisheries as
the main research theme but are those that produce the
most knowledge in the area, demonstrating the
importance multidisciplinarity in fisheries science.
Public universities also stand out, because they
represent the institutions of some of the few specialists
in the subject. Also, those specialists did not belong to
academic departments exclusive for fisheries. The
majority of the Brazilian scientific community is
affiliated with public universities (Leite et al. 2011).
At the institutional level, the influence of the interna-
tional community should be emphasized, mainly by
the financial support of the studies.

In our review, the first study conducted outside the
Amazon basin was in the Cuiaba River (Pantanal) and
indicated the dependence of the system river-flood-
plain on the seasonal hydrological cycle for mainte-
nance of the structure of the assemblages of fishes,
especially the migratory fishes, and anticipated the
likely impacts that the Manso Reservoir could have on
the system (Ferraz de Lima 1986). In 1989, the second
study not exclusive for the Amazon basin was
published, which was a review of the fisheries in
Brazilian rivers (Petrere 1989). In this study, the
formation of reservoirs was again indicated as one of
the main threats to freshwater fisheries. Therefore, it is
possible to infer that the reason for initiating studies on
fisheries in other localities was the damming of rivers
(for hydropower generation), because of their enor-
mous environmental impact especially due to the
resultant change in the hydrological flood of the river,
the main forcing function of fluvial system (Junk et al.
1989). These damming generate changes in the
structure of the ichthyological community which,
besides an environmental impact, causes a large social
impact, because artisanal fisheries are affected by the
substitution of migratory species of high commercial
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value by species of low value (Hoeinghaus et al.
2009). In the second half of the 1990s, the impacts of
the formation of the reservoirs began to be studied
(e.g., Ribeiro et al. 1995; Petrere 1996; Silvano and
Begossi 1998). The emergence of these studies can be
associated with the fact that COMASE organized a
work group, composed of diverse group of scientists,
in order to systematize knowledge of the Energy
Sector and provide elements to establish directives on
aquatic fauna management, through the Seminar on
Aquatic Fauna and Brazilian Energy Sector, initiated
in 1993 (COMASE 1994).

The results of this research corroborated the claim
that the Amazon basin is the most studied one (Petrere
1995). This basin was the target of important fisheries
monitoring programs of initiated by Petrere (1978a, b)
and by the IARA and ProVarzea projects (Isaac and
Ruffino 2000; Ruffino 2008). This region also relies on
distinguished research institutions such as INPA
(Azevedo et al. 2010), Federal University of Amazo-
nas, NAEA and Emilio Goeldi Paraense Museum. The
Parana River basin was the second most studied one
(Fig. 2). The sub-basin of the Parana River is the best
studied in South America according to Petrere (1995),
due to Nupélia and its agreement with [taipu Binac-
ional. The fisheries monitoring system in Itaipu
reservoir by Nupélia started in 1987 and it has
assembled a time series of almost 25 years of data,
one of the longest in Brazil (Okada et al. 2005).
Another well-studied environment in this sub-basin is
the floodplain of the upper Parana River, which
through various partnerships between Nupélia, FIN-
EP, CNPq and Multidisciplinary Environment Study
Group (GEMA—Grupo de Estudos Multidisciplin-
ares do Ambiente), has been monitored since 1986
(Agostinho et al. 2004b). In the case of the sub-basin
of the Paraguai River, there were initiatives of
fisheries monitoring such as the Fisheries Control
System of Mato Grosso do Sul, in place between 1994
and 2003 and the Fisheries Control and Monitoring
System of Mato Grosso started in 2006 (Catella et al.
2008). The Tocantins River basin, through a partner-
ship between Brazil and France (CNPq and OR-
STOM), had a project overseen by INPA, between
1980 and 1988, for the monitoring of the lower
Tocantins and Central Amazonia (Mérona 1990). The
Northeast basin was investigated by a single study,
despite the large quantity of data collected by DNOCS
since 1950 (Gurgel and Fernando 1994). While these

initiatives of fisheries monitoring relied on the part-
nership between several national and international
institutions, the mandate to manage the National
System of Fisheries Statistics has been shifted around
several agencies over the years such as the Brazilian
Institute of Geography and Statistics (IBGE), IBAMA
and currently MPA. This situation has contributed to
the loss of this information’s credibility (Petrere 1995;
Freire and Oliveira 2007).

Despite the existence of programs for long term
fisheries monitoring, most of the studies have a short
time scale, which hinders conclusions about the
dynamics of fisheries stocks. The short term of the
studies combined with the lack of standardization of
the data collection, especially data on fisheries effort,
prevents quantitative comparisons between studies
(Agostinho et al. 2007a). After data collection further
analyses need to be done in order to translate the data
into scientific information in which to base the
decision-making (Charles 2001). However, the long
time spend for the transformation of the data into
scientific information is worrisome. We showed that
the scientific information is made available, on
average, more than 5 years later after the conclusion
of the study, which prevents the development of
management policies based on the scientific results.
These facts taken together contribute to turn the
decision-making and management slow, inefficient,
and mainly ineffective processes.

The only industrial freshwater fishery in the country
targets the “piramutaba” catfish (Brachyplatystoma
vaillantii) at the mouth of the Amazon River (Petrere
1995). Industrial fisheries are characterized by their
enhanced capacity for concentrated fishing in a
monospecific strategy. Although this fishery focuses
on a specific stock, there is large amount of discard,
including individuals smaller than 40 cm are not used
(Bayley and Petrere 1989). Studies on population
dynamics and stock assessment would be appropriate
in this strategy (Coates et al. 2004), but no scientific
study with these aims in the scope of this review was
found.

The dominant fisheries strategy in Brazil is multi-
specific fishery (Petrere 1995). Many authors contest
the utilization of monospecific models and conclude
that multispecific models respond better to this situ-
ation (Bayley and Petrere 1989; Mérona 1995; Coates
et al. 2004). However, in predominant multispecific
fishing, the efforts of fisheries are concentrated on
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species of high commercial value, which over the
years have been overfished (Petrere 1986; Agostinho
etal. 2007b; Junk et al. 2007; Mateus and Penha 2007).
Therefore, it is necessary to make multispecific
evaluations, but the assessments of the most socio-
economically important stocks must be realized too, to
carry out a combined management (Bayley and Petrere
1989). Another option is the ecosystem approach,
which though recently has contributed to the manage-
ment of Brazilian freshwater fisheries, where three
studies on this subject are included in this review (e.g.,
Angelini et al. 2006a, b).

The high complexity of Brazilian freshwater fish-
eries is related to the large fish and habitat diversity
(Agostinho et al. 2007b), wide range of stakeholders
(Vieira et al. 2005) and the multiplicity of fisheries’
strategies (Bayley and Petrere 1989). National fishing
is dominated by artisanal/subsistence or food fisheries,
but industrial, recreational and ornamental fisheries
also needed to be studies and managed, which requires
adequate scientific literature. Unfortunately, this study
demonstrated that the quantity of research for these
fishery sectors is far from satisfactory (Carvalho and
Medeiros 2005; Pelicice and Agostinho 2005; Frédou
et al. 2010).

Conclusion

The multidisciplinarity of inland fisheries was con-
firmed by the diversity of journals utilized as paths for
scientific dissemination, the large number of authors
with few studies published, the low proportion of
specialists, the wide diversity of subjects studied, and
the variety of scientific tools utilized. The multidis-
ciplinarity should be the focus of training and capacity
building of human resources to work in fisheries,
regardless whether on the scientific, decision-making,
administrative, legislative and/or production sector.
The ISI and SciELO platforms appeared to be
limited for determining the main scientific publica-
tions on the subject of inland fisheries. The scientific
studies are published in a much dispersed way, and
they are in general of difficult access, showing the
need for journals that meet the demand of this area of
knowledge, bringing together multidisciplinary stud-
ies, with fisheries as the main theme. However, it was
observed that there is plenty of information on inland
fisheries and that the subjects of studies are evolving
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and diversifying in order to meet the needs of the area.
The problem seems to be more related to the
availability of these studies.

The scientific studies on freshwater fisheries in
Brazil are mostly of reduced time scale and take a long
time to transformation the data into scientific infor-
mation (publication). The number of studies decreased
after 2008, when the Ministry of Fisheries and
Aquaculture was created, indicating that this new
agency may be repeating the errors of the past of not
basing the decision-making on relevant scientific
information. All these factors combined can turn the
decision-making and fisheries management slow and
mainly inefficient processes. The scenario found in
Brazil may also represent the reality of many other
countries in South America, Africa and Asia, where
inland fisheries represents an activity of great
relevance.

Acknowledgments We thank the Coordination for the
Improvement of Higher Education Personnel (CAPES;
Coordenagdo de Aperfeicoamento de Pessoal de Nivel
Superior) for financial support, Luiz Carlos Gomes and
Horacio Ferreira Jdlio Jr. for reviewing the paper, José
Augusto Ferraz de Lima for providing unpublished reports.

References

Abdallah PR, Sumaila UR (2007) An historical account of
Brazilian public policy on fisheries subsidies. Mar Policy
31:444-450

Agéncia Nacional de Aguas (2011) HidroWeb: Sistema de
Informagdes Hidroldgicas. http://hidroweb.ana.gov.br.
Accessed 20 Sept 2011

Agostinho AA, Okada EK, Gregoris J (1994) Caracteristicas
econOmicas e sociais das atividades pesqueiras no reser-
vatorio de Itaipu. In: FAO (ed) Simposio regional sobre
manejo de La pesca em embalses em America Latina.
FAO, Havana, pp 1-104

Agostinho AA, Gomes LC, Latini JD (2004a) Fisheries man-
agement in Brazilian reservoirs: lessons from/for South
America. Interciencia 29(6):334-338

Agostinho AA, Gomes LC, Verissimo S, Okada EK (2004b)
Flood regime, dam regulation and fish in the Upper Parana
River: effects on assemblage attributes, reproduction and
recruitment. Rev Fish Biol Fish 14:11-19

Agostinho AA, Gomes LC, Pelicice FM (2007a) Ecologia e
Manejo de Recursos Pesqueiros em Reservatérios do
Brasil. EDUEM, Maringa

Agostinho AA, Pelicice FM, Petry AC, Gomes LC, Jilio HF Jr
(2007b) Fish diversity in the upper Parana River basin:
habitats, fisheries, management and conservation. Aquat
Ecosyst Health Manage 10(2):174-186


http://hidroweb.ana.gov.br

Rev Fish Biol Fisheries (2013) 23:113-126

125

Angelini R, Agostinho AA, Gomes LC (2006a) Modeling
energy flow in a large neotropical reservoir: a tool do
evaluate fishing and stability. Neotropical Ichthyol 4(2):
253-260

Angelini R, Fabré NN, Silva RL Jr (2006b) Trophic analysis and
fishing simulation of the biggest Amazonian catfish. Afr J
Agric Res 1(5):151-158

Azevedo PG, Mesquita FO, Young RJ (2010) Fishing for gaps
in science: a bibliographic analysis of Brazilian fresh-
water ichthyology from 1986 to 2005. J Fish Biol 76:
2177-2193

Bayley PB, Petrere M (1989) Amazon fisheries: assessment
methods, current status and management options. In:
Dodge DP (ed) Proceedings of the international large river
symposium, vol 106. Canadian Special Publication of
Fisheries and Aquatic Sciences, Canada, pp 385-398

Bloom DE (2011) 7 billion and counting. Sci 333:562-569

Carvalho AR, Medeiros ER (2005) Levantamento socioeco-
nomico e da composiciio de espécies entre os turistas que
praticam a pesca recreativa no Rio Araguaia, regido de
Aruani (GO). Health Environ J 6(2):23-31

Castello L (2008) Re-pensando o estudo e o manejo da pesca no
Brasil. Panan J Aquat Sci 3(1):17-22

Castello L, Viana JP, Watkins G, Pinedo-Vasquez M, Luzadis
VA (2009) Lessons from integrating fishers of arapaima in
small-scale fisheries management at the Mamiraua
Reserve, Amazon. Environ Manage 43:197-209

Castro F, Mcgrath DG (2003) Moving toward sustainability in
the local management of floodplain lake fisheries in the
Brazilian Amazon. Hum Organ 62(2):123-133

Catella AC, Mascarenhas RO, Albuquerque SP, Albuquerque
FF, Theodoro ERM (2008) Sistemas de estatisticas
pesqueiras no Pantanal, Brasil: aspectos técnicos e politi-
cos. Panan J Aquat Sci 3(3):174-192

Charles AT (2001) Sustainable fishery systems. Blackwell
Science, Oxford

Coates D, Boivin T, Darwal WRT, Friend R, Hirsch P, Poulsen
AF et al (2004) Information, knowledge and policy. In:
Welcomme RL, Petr T (eds) Proceedings of the second
international symposium on the management of large riv-
ers for fisheries, vol 1. Food and Agriculture Organization
of the United Nations & The Mekong River Commission,
Bangkok, pp 93-120

Comase (1994) Semindrio sobre fauna aquatica e o setor elétrico
brasileiro. Reunides tematicas preparatorias. Caderno 1:
Fundamentos. Eletrobras, Rio de Janeiro

Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior
(2011) Cursos Recomendados e Reconhecidos. http://www.
capes.gov.br/cursos-recomendados. Accessed 20 Sept 2011

FAO, World Fish Center (2008) Small-scale capture fisheries—a
global overview with emphasis on developing countries. A
preliminary report of the Big Numbers Project, World Bank

FAO (2012) The state of world fisheries and aquaculture 2012.
FAO, Rome

Ferraz de Lima JA (1986) A pesca no pantanal de Mato Grosso
(rio Cuiaba: importancia dos peixes migradores). Acta
Amazonica 16:87-94

Figueira I, Jacques R, Leta J (2003) A comparison between
domestic and international publications in Brazilian psy-
chiatry. Scientometrics 56:317-327

Fonseca L, Velloso S, Wofchuk S, De Meis L (1997) The
importance of human relationships in scientific produc-
tivity. Scientometrics 39(2):159-171

Frédou FL, Almeida O, Rivero S, Mourdo K, Barbosa C,
Thompson R (2010) Aspectos econdmicos da pesca
industrial no Para: entraves e perspectivas. Pap NAEA
265:3-28

Freire KMF, Oliveira TLS (2007) Reconstructing catches of
marine commercial fisheries for Brazil. In: Zeller D, Pauly
D (eds) Reconstruction of marine fisheries catches for key
countries and regions (1950-2005). Fisheries Centre
Research Reports, vol 15, issue no 2, pp 61-68

Garibaldi L (2012) The FAO global capture production data-
base: a six-decade effort to catch the trend. Mar Policy
36:760-768

Giulietti N, Assumpcdo R (1995) Industria pesqueira no Brasil.
Agric Sao Paulo 42(2):95-127

Gomes LC, Fernandes R, Luiz EA (2004) Development of
reservoir fisheries management in Brazil based on impor-
ted paradigms. Acta Sci Biol Sci 26(3):309-315

Gurgel JJS, Fernando CH (1994) Fisheries in semi-arid north-
east Brazil with special reference to the role of tilapias. Int
Rev Gesamten Hydrobiol 79(1):77-94

Hilborn R, Branch TA, Ernst B, Magnusson A, Minte-Vera CV,
Scheuerell MD, Valero JL. (2003) State of the World’s
fisheries. Annu Rev Environ Resour 28:359-399

Hoeinghaus DJ, Agostinho AA, Gomes LC, Pelicice FM, Okada
EK, Latini JD et al (2009) Effects of river impoundment on
ecosystem services of large tropical rivers: embodied
energy and market value of artisanal fisheries. Conserv
Biol 23(5):1222-1231

Isaac VJ, Ruffino ML (2000) A estatistica pesqueira no baixo
amazonas: experiencia do projeto Iara. In: IBAMA (ed)
Colecdo Meio Ambiente. Série Estudos Pesca, vol 22.
IBAMA, Brasilia, pp 202-223

Junk WJ, Bayley PB, Sparks RE (1989) The flood pulse concept
in river-floodplain systems. In: Dodge DP (ed) Proceedings
of the international large river symposium, vol 106.
Canadian Special Publication of Fisheries and Aquatic
Sciences, Canada, pp 110-127

Junk WJ, Soares MGM, Bayley PB (2007) Freshwater fishes of
the Amazon River basin: their biodiversity, fisheries, and
habitats. Aquat Ecosyst Health Manage 10(2):153-173

Kinas PG (1996) Bayesian fishery stock assessment and deci-
sion making using adaptive importance sampling. Can J
Fish Aquat Sci 53:414-423

Lane J (2010) Let’s make science metrics more scientific.
Nature 464(25):488-489

Leite P, Mugnaini R, Leta J (2011) A new indicator for inter-
national visibility: exploring Brazilian scientific commu-
nity. Scientometrics 88:311-319

Leta J, Lannes D, De Meis L (1998) Human resources and
scientific productivity in Brazil. Scientometrics 41(3):313—
324

Leta J, Jacques R, Figueira I, De Meis L (2001) Central internal
visibility of Brazilian psychiatric publications from 1981 to
1995. Scientometrics 50:241-254

Mateus LAF, Penha JMF (2007) Avaliacdo dos estoques
pesqueiros de quatro espécies de grandes bagres (Siluri-
formes, Pimelodidae) na bacia do rio Cuiaba, Pantanal

@ Springer


http://www.capes.gov.br/cursos-recomendados
http://www.capes.gov.br/cursos-recomendados

126

Rev Fish Biol Fisheries (2013) 23:113-126

norte, Brasil, utilizando alguns Pontos de Referéncia Bi-
oldgicos. Revista Brasileira Zoologia 24(1):144-150

McClanahan TR, Castilla JC, White AT, Defeo O (2009)
Healing small-scale fisheries by facilitating complex sécio-
ecological systems. Rev Fish Biol Fish 19:33-47

Melo AS, Bini LM, Carvalho P (2006) Brazilian articles in
international journals on limnology. Scientometrics 67(2):
187-199

Meneghini R, Mugnaini R, Packer AL (2006) International
versus national oriented Brazilian scientific journals. A
scientometric analysis based on SciELO and JCR-ISI dat-
abases. Scientometrics 69(3):529-538

Mérona B (1990) Amazon fisheries: general characteristics
based on two case-studies. Interciencia 15(6):461-468

Meérona B (1995) Ecologia da pesca e manejo pesqueiro na
regido amazodnica. Bol Mus Para Emilio Goeldi Antrop
11(2):167-183

Okada EK, Agostinho AA, Petrere M (1996) Catch and effort
data and the management of the commercial fisheries of
Itaipu reservoir in the upper Parana River, Brazil. In: Cowx
IG (ed) Stock assessment in inland fisheries. Fishing News
Book, Oxford, pp 154-161

Okada EK, Agostinho AA, Gomes LC (2005) Spatial and
temporal gradients in artisanal fisheries of a large Neo-
tropical reservoir, the Itaipu Reservoir, Brazil. Can J Fish
Aquat Sci 62:714-724

Pelicice FM, Agostinho AA (2005) Perspectives on ornamental
fisheries in the upper Parana River floodplain, Brazil. Fish
Res 72:109-119

Pereira JCR, Escuder MML (1999) The scenario of Brazilian
health sciences in the period of 1981 to 1995. Sciento-
metrics 45:95-105

Pereira JCR, Fischer AL, Escuder MML (2000) Driving factors
of high performance in Brazilian Management Sciences for
the 1981-1995 period. Scientometrics 49:307-319

Petrere M (1978a) Pesca e esforco de pesca no Estado do
Amazonas. [—Esfor¢o e captura por unidade de esforgo.
Acta Amazonica 8(3):439-454

Petrere M (1978b) Pesca e esfor¢co de pesca no Estado do
Amazonas. II—locais, aparelhos de captura e estatisticas
de desembarque. Acta Amazonica 8(Suplemento 2):5-54

Petrere M (1983a) Relationships among catches, fishing effort
and river morphology for eight rivers in Amazonas State
(Brazil), during 1976-1978. Amazoniana 8:281-296

@ Springer

Petrere M (1983b) Yield per recruit of the Tambaqui, Colos-
soma macropomum Cuvier, in the Amazonas State, Brazil.
J Fish Biol 22:133-144

Petrere M (1986) Amazon fisheries. —variations in the relative
abundance of Tambaqui (Colossoma macropomum CU-
VIER, 1818) based on catch and effort data of the gill-net
fisheries. Amazoniana 1X(4):527-547

Petrere M (1989) River fisheries in Brazil: a review. Regul
Rivers Res Manage 4:1-16

Petrere M (1995) A pesca de agua doce no brasil. Cienc Hoje
19(110):28-33

Petrere M (1996) Fisheries in large tropical reservoirs in South
America. Lakes Reserv 2:111-133

Petrere M, Agostinho AA (1993) La pesca en el tramo brasilefio
del rio Parana. FAO Informe de Pesca 490:50-72

Quirés R (1990) The Parana River basin development and the
changes in the lower basin fisheries. Interciencia 15(6):
442-451

Quirés R (2004) The Plata River Basin: international basin
development and riverine fisheries. In: Welcomme RL,
Petr T (eds) Proceedings of the second international sym-
posium on the management of large rivers for fisheries, vol
1. Food and Agriculture Organization of the United Nations
& The Mekong River Commission, Bangkok, pp 253-271

Ribeiro MCLB, Petrere M, Juras AA (1995) Ecological integrity
and fisheries ecology of the Araguaia-Tocantins river
basin, Brazil. Regul Rivers Res Manage 11:325-350

Ruffino ML (2005) Gestdo do Uso dos Recursos Pesqueiros na
Amazonia. IBAMA, Manaus

Ruffino ML (2008) Sistema integrado de estatistica pesqueira
para a Amazonia. Panan J Aquat Sci 3(3):193-204

Silvano RAM, Begossi A (1998) The artisanal fishery of the
River Piracicaba (Sao Paulo, Brazil): fish landing compo-
sition and environmental alterations. Ital J Zool 65:527-531

Vieira PF, Berkes F, Seixas CS (2005) Gestao integrada e par-
ticipativa de recursos naturais: conceitos, métodos e ex-
periéncias. SECCO/APED, Floriandpolis

Welcomme RL (1990) Status of fisheries in South American
rivers. Interciencia 15(6):337-345

Welcomme RL (2011) An overview of global catch statistics for
inland fish. ICES J Mar Sci 68(8):1751-1756

World Bank, FAO, Worldfish Center (2010) The hidden har-
vests: the global contribution of capture fisheries. World
Bank, Washington



	Scientometric analysis of freshwater fisheries in Brazil: repeating past errors?
	Abstract
	Introduction
	Methodology
	Results
	Search platforms and journals
	Research institutions and funding agencies
	Geographic distribution
	Temporal scale of the studies and time for generation of scientific information
	Subjects/themes studied
	Statistical/scientific tools utilized

	Discussion
	Conclusion
	Acknowledgments
	References


