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Net cages in fish farming: a scientometric analysis

Tanques rede em piscicultura: uma andlise cienciométrica
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Abstract: Aim: This study presents a scientometric analysis of studies on net cages
in order to determine whether these studies are considering environmental issues or only
seeking an increase in food production; Methods: The survey of articles was accomplished
using the Thomson Reuters Database (ISI Web of Knowledge), with “cage culture” and
“net cage” as keywords. We selected 238 articles that were published between 1990 and
2009; Results: There was a temporal increase in the number of articles published. These
articles focused mainly on fish production and environmental impacts; Conclusion:
The studies of net cages in fish farming mainly investigated fish production, although
environmental issues relating to this recent human activity were also important. Policy
makers should consider both sides of the coin (i.e., both the benefits and environmental
impacts of fish production) in regulation of this activity.

Keywords: aquaculture, fish production, environmental impact, cage culture,
temporal trend.

Resumo: Objetivo: O presente estudo teve como objetivo apresentar uma andlise
cienciométrica sobre os estudos de tanques rede, a fim de responder se estes estudos estao
considerando as questées ambientais ou, apenas, buscam um aumento na producio de
alimentos; Métodos: O levantamento dos artigos foi realizado na base Thomson Reuters
(ISI Web of Knowledge), sendo utilizadas “cage culture” e “net cage” como palavras-chave.
Foram selecionados 238 artigos durante o periodo de 1990 a 2009; Resultados: Houve
um incremento temporal no nimero de artigos publicados. Esses artigos enfocaram,
principalmente, na produgio pesqueira e impactos ambientais; Conclusao: Os estudos
de tanques rede abordaram, principalmente, produgio pesqueira, entretanto, as questoes
ambientais também foram importantes nesta recente atividade humana. Os decisores
politicos devem considerar ambos os lados da moeda, ou seja, beneficios e impactos
ambientais da produgio pesqueira, antes de regular esta atividade.

Palavras-chave: aquicultura, produ¢io pesqueira, impacto ambiental, cultivo em
tanque, tendéncia temporal.
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1. Introduction

The global population reached seven billion
people in October 2011 (Roberts, 2011). Thus,
the world is faced with the challenge of meeting
the rapid demand for food production as a way to
alleviate the problems of hunger among the poorest
populations, and to ensure food security. Moreover,
food production must be undertaken in ways
that are environmentally and socially sustainable
(Godfray et al., 2011).

Aquaculture is the farming of aquatic organisms,
and originated about 4,000 years ago (Beveridge
and Little, 2002). It is also considered an efficient
way to produce food, as well as being economically
important. This activity, as well as other production

activities, negatively affects the environment at
varying levels of intensity, depending on the way
in which the cultivation is practiced (extensive,
semi-intensive, or intensive). Among the methods
of intensive cultivation, fish cultivation in net
cages or ponds has become one of the most widely
practiced in recent years because it is one of the best
alternatives for reducing fishing pressure on natural
fish stocks (Marengoni, 2006) and has a hypothetical
fast return in investment (Agostinho et al., 2007).

Fish farming in net cages is an excellent
alternative for fish production in water bodies where
traditional fish farming is not viable (Schmittou,
1993). Additionally, this activity does not require
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new areas to be flooded for the construction of
traditional fishponds (Rotta and Queiroz, 2003).

Fish cultivation in net cages uses a considerable
quantity of food supply for the production of
organisms in a small area at high densities, with
consequent release of metabolites and food scraps
directly into the environment. These residuals are
potential sources of environmental impacts (Alves
and Baccarin, 2005), exposing the environment
to eutrophication processes. Other environmental
impacts may additionally occur, such as changes
in the trophic web, introduction of exotic species,
decreases in biodiversity, and the spread of diseases
(Kubtiza, 1999; Naylor et al., 2000; Guo and Li,
2003; Alves and Bacarin, 2005; Agostinho et al.,
2007; Guo et al., 2009).

The implementation and development of fish
farming in net cages in natural aquatic ecosystems
can increase global production of fish. However,
it is necessary for basic information about this
activity to be generated, with the aim of reducing
impacts on the aquatic environment and biological
communities. Thus, the present study aimed to
present a scientometric analysis of studies on net
cages, based on scientific articles that investigated
the use of net cages in fish farming, in order to
determine whether these studies are considering
environmental issues or are only seeking an increase
in food production. Thus, some guiding questions
were elaborated, as follows. i) What is the temporal
trend of scientific production of studies on net
cages? ii) What are the main types of environments
studied (inland waters or marine)? iii) What is
the main focus of the discussion (fish production,
environmental impact, technical)? iv) What are the
main journals that published the articles?

2. Methods

A survey of scientific articles focusing on use
of net cages in fish farming activity was performed
using the Thomson Reuters Database (IST Web of
Knowledge), considering the period between 1990
and 2009. The analysis was based on all the articles
that contained the terms “cage culture” and “net
cage” as a topic; we also used variations of these
terms (cage culture® and net cage®). In total, we read
1,155 articles but only selected for scientometric
analysis those which addressed the use of net cages
for fish farming and/or evaluated the impact of
this activity on other aquatic communities and the
aquatic environment. Therefore, we analysed a total
of 238 articles. Data for this analysis were collected
in April 2010.
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For each article we identified the year of
publication, the type of environment (inland waters
or marine) and the focus of discussion. The articles
were grouped into the following categories by
focus: fish production—those papers referring to fish
production; environmental impact—those discussing
any type of environmental impact derived from fish
production in net cages; technical-those related to
techniques and equipment for fish cultivation in
net cages (e.g. physical structure of the net cages);
and others—those on topics that did not fit into any
other category and that each had a small number
of scientific articles (e.g. description of new species
recorded in studies of net cages). However, the
category “others” were not used in the analyses.

The temporal trend of scientific production
of fish by farming in net cages was evaluated by a
simple regression analysis (Sokal and Rohlf; 1991),
with the number of articles being the response
variable and the publication year the explanatory
variable. The number of articles that investigated the
use of net cages for fish farming and/or evaluated the
impact of this activity on other aquatic communities
and the aquatic environment was standardized over
time by dividing the number of articles on net cages
by the total number of articles in the ISI database
in a given year and multiplying the result by 1000
(Carneiro et al., 2008).

We used Analysis of Covariance (ANCOVA)
(Gotelli and Ellison, 2004) in order to examine
whether each of the categories studied (type of
environment and focus of discussion) differed
significantly over time, where the categories
were the explanatory variables, the standardized
number of articles was the response variable, and
the publication year was the covariate. We tested
the hypothesis of parallelism before testing for
significant differences in slope. When significant
differences in slope were found (i.e., lack of
parallelism), a further “separate slopes” model was
applied; on the other hand, when non-significant
differences in slope were found, a traditional
ANCOVA design was applied. The analyses were
performed using the software Statistica version 7.1
(Statsoft, 2005).

3. Results

During the 20 years covered by the survey
(1990-2009), 238 studies investigated the use of net
cages in fish farming, and there was also a significant
increase in the number of scientific articles over time

(R*=0.60; P < 0.001) (Figure 1).
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Regarding the type of environment studied,
the greatest number of published scientific articles
considered marine environments (N = 129), while
fewer considered inland water environments
(N = 77). The rate of increase in scientific
publications did not differ between those considering
marine and inland water (homogeneity of slopes
test; F1,37 = 1.21; P = 0.270), and the number of
articles for both increased over time (ANCOVA,
F1,37 =5.83; P = 0.020) (Figure 2).

The major focus of discussion in scientific
articles was fish production, which was discussed
in a total of 102 publications. The second most

frequently discussed topic was environmental
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Figure 1. Temporal trend of the standardized number of
articles investigating the use of net cages in fish farming
(multiplied by 1000) between 1990 and 2009 in the
ISI database.
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Figure 2. Number of articles investigating the use of net
cages in fish farming between the years 1990 and 2009,
according to the type of environment. The number of
articles was standardized in relation to the total number
of articles indexed in the ISI database.
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impact, with 88 published articles, and the third
covered technical aspects, with 29. The rates of
increase in scientific publications differed among
focus of discussion (homogeneity of slopes;
1:2,54 = 3.32; P < 0.040). Thus, a “separate slopes”
model was run; it showed a significant difference
between approaches (F, ., = 3.28; P < 0.040). The
technical focus had a lower rate of increase than
impact and production focus (Figure 3).

We verified that the journal Aquaculture
presented the greatest number of studies (N = 55).
The periodic with the second largest number of
studies was Aquaculture Research, with 23 articles.
Thus, the most articles focusing on use of net cages
in fish farming activity were published in journals
on aquaculture. Many journals were included in the
category “others”, since they contained less than five
relevant articles each (Figure 4).

4, Discussion

Aquaculture in net cages has developed rapidly
in the last two decades, and is undergoing changes
due to the growing demand for production
of organisms in aquatic environments in both
developed and developing countries (Tacon and
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Figure 3. Number of published articles investigating
the use of net cages in fish farming between the years
1990 and 2009, according to the focus of discussion.
‘The number of articles was standardized in relation to
the total number of articles indexed in the ISI database
(fish production = those referring to fish production;
environmental impact = those discussing any type of role
of net cages in environmental impact; technical = those
related to techniques and equipments for fish cultivation
in net cages).
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Figure 4. Journals in which the articles investigating the
use of net cages in fish farming were published between
the years 1990 and 2009, in the ISI database.

Halwart, 2007). Global production of aquatic
organisms increased by 187% between 1990 and
2001 (Zaniboni-Filho et al., 2005). The increase in
the number of scientific articles in the last 20 years
probably contributed to the increase of global
production, due to the need to research and learn
techniques to implement it.

The Brazilian government has encouraged fish
cultivation in net cages to tackle problems of hunger.
In general, this activity has been implemented in
reservoirs, and to support it the Special Secretariat
for Aquaculture and Fisheries (SEAP), then under
the umbrella of the Ministry of Agriculture and
Livestock (which has now become the Ministry of
Fisheries and Aquaculture) was created in 2003.

The reason for the increased number of
publications concerning marine environments
compared to inland waters is that the former
present advantages, including an increased body
of knowledge about the commercial cultivation of
marine fish and reduction of economic costs, due
to the availability of larger areas for installation of
net cages, the fact that the most productive waters
are in coastal regions, and the possibility of a greater
dilution of waste (Whittaker and Likens, 1973). In
addition, the choice of the marine environment for
the development of most of the net cage farming
studies may be related to aquaculture activities,
which historically started in marine environments.
Nevertheless, some inland water environments,
such as reservoirs, also present potential for net cage
farming (Abery et al., 2005), due to the availability
of a large number of reservoirs, low water velocity
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in backwater areas where the tanks are installed,
water turnover (residence time) and depth (at least
one meter above the bottom).

The large number of publications concerning
fish production is related to a trend of increasing
fish farming aimed at improving global food
security and increasing farmers’ income, ensuring
the preservation of natural fish stocks, and finally
maintaining biodiversity. In articles with this focus,
the most frequently discussed issues were those
related to nutrition, growth, survival, reproduction,
and mortality of fish. In addition, environmental
impact was another focus that was emphasized in
the scientometric analysis, considering the effects
of the process of installing and running production
in net cages on the functioning and biodiversity of
aquatic ecosystems. This fact is important because it
shows concern for environmental issues and not just
for increasing food production. Indeed, the waste
products of this activity result in degradation of the
surroundings. Everything that is not consumed or
assimilated, as well as other excretion products of
cultivated animals, contributes to environmental
eutrophication (Agostinho et al., 2007).

The risk of fish escape and introduction of exotic
species into aquatic environments also represents
an environmental impact, since these individuals
are likely to interfere in the food web of the
environment, both directly as competitors and/or
predators and indirectly through the contribution of
nutrients (excretion or predation) (Agostinho etal.,
2007). The net cages are vulnerable to escapes due
to strong winds, predators, floating objects and
vandalism, and constitute a source of introduction
of exotic species. This environmental impact is
regarded an important factor responsible for loss
of biodiversity and natural resources (Agostinho et
al., 2007). However, the Committee on Agriculture,
Livestock and Supply and the Committee of
Environment and Sustainable Development both
approve the Bill 5989/09, which encourages the
cultivation of exotic species of fish in net cages,
equating them to local native species in order to
eliminate a number of impediments in Brazilian
legislation that aim to minimize the environmental
risk of introducing exotic species (Lima Junior etal.,
2012). This Bill is still pending before the House of
Representatives and, if approved, could increase the
environmental impacts resulting from introduction
of exotic species.

The choice of aquaculture journals for
publication of articles was related to the specificity
of these journals, which publish articles related to
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the exploration, improvement and management of
all aquatic food resources. Moreover, these journals
also publish articles on the environmental impacts
of aquaculture, thus contributing to the wider
subject matter in these journals.

In conclusion, we observed a temporal trend
of an increase in the number of published articles
during the period between 1990 and 2009. In this
study, we showed that studies of net cage farming
are considering environmental issues and are not
only aimed at an increase in food production. Thus,
policy makers should consider concomitantly both
the environmental impacts and fish production
issues generated through aquaculture in net cages.
As highlighted in this study, before proposing
legislation and measures to encourage this activity,
policy makers must take into account both sides of
the coin and not only the benefits of an increase in
fish production.
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