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ABSTRACT

In the presente study, cluster analysis was performed
to classify 1080 interviews with captains of national
pelagic longline fleet (2000 to 2011), and 38 trips of
the chartered fleet (2003 to 2008), in relation to the
composition of species landed. For the national fleet 4
groups were identified: 1 - Albacores, 2 - Blue shark,
3 - Swordfish, and 4 - Dolphinfish. For the chartered
fleet 3 groups were identified: 1 - Swordfish, 2 -
Blue shark, and 3 - Albacores. The results indicated
that part of the national fleet change their strategies
according to the availability of the target species
and market demand (internal and external). A part
of the fleet from Espirito Santo state operates in the
region between December and March, exclusively to
capture dolphinfish. The chartered fleet differed from
the national one as regards the fishing areas of each
target species, mainly as regards swordfish and blue
shark. Despite the great difference in the data sets,
it is evident that both the national and the chartered
fleets operated in accordance with their peculiarities
and technological development, adopting strategies
that optimize catches and net profits per trip.

Descriptors: Longline fisheries, Fishing effort, Target
species, Fishing strategy, National and Foreign fleet,
Fleet dynamics.
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Resumo

No presente estudo, uma andlise de agrupamento
foi realizada para classificar 1080 entrevistas com
mestres da frota nacional de espinhel pelagico (2000 a
2011), e 38 embarques da frota estrangeira arrendada
(2003 a 2008), em relacdo a composicao das
espécies desembarcadas. Para a frota nacional, foram
identificados 4 grupos: 1 - Albacoras; 2 - Tubardo-
azul; 3 - Meca; e 4 - Dourado. Para a frota estrangeira
arrendada foram identificados 3 grupos: 1 - Meca; 2 -
Tubardo-azul; e 3 - Albacoras. Os resultados indicam
que parte da frota nacional altera suas estratégias de
pesca de acordo com a disponibilidade da espécie-
alvo e pela demanda do mercado (interno e externo).
Uma parcela da frota oriunda do Espirito Santo opera
na regido durante alguns meses de verdo (dezembro a
margo), exclusivamente na captura do dourado. Para
a frota estrangeira arrendada, ocorrem diferencas
principalmente nas areas de pesca para cada uma das
espécies, sendo a frota direcionada principalmente
para a captura da meca e tubardo-azul. Apesar da
grande diferenga no conjunto de dados, fica evidente
que a frota nacional e estrangeira operam de acordo
com suas particularidades e desenvolvimento
tecnologico, adotando estratégias que otimizem as
capturas e os lucros liquidos por viagem.

Descritores: Pescarias de espinhel, Esforco pesqueiro,
Espécies-alvo, Estratégia de pesca, Frota Nacional e
Estrangeira, Dindmica da frota.
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INTRODUCTION

The pelagic longline is fishing gear that uses a main
line sustained by buoys, to which are fixed secondary lines
with hooks. This fishery is primarily directed to the capture
of albacores (Thunnus alalunga, T. obesus, T. albacares),
swordfish  (Xiphias gladius) and sharks (specially
Prionace glauca) (BROTHERS et al., 1999; WATSON;
KERSTETTER, 2006), species which are of great economic
importance worldwide because of their high market value
(EVANGELISTA et al., 1998; HAZIN, 2006), for both the
flesh and, as in the case of sharks, the fins (MAZZOLENI;
SCHWINGEL, 1999; QUAGGIO et al., 2008).

In Brazil this fishery started in 1956 (PAIVA, 1961)
with the arrival of Japanese vessels at the port of Recife,
state of Pernambuco (PE), northeastern Brazil, where they
continued to fish until 1964 (MENEZES DE LIMA et
al., 2000). In southeastern Brazil, this fishery, undertaken
by national vessels based on Santos, state of Sao Paulo
(SP), started in 1958 (MAZZOLENI; SCHWINGEL,
2002). In the southern region this fishery began in 1959
with chartered Japanese vessels (HAIMOVICI, 1997).
Since then, successive changes have occurred in relation
to the flags of the fleets acting in Brazilian waters
(EVANGELISTA et al., 1998), with a gradual increase in
the number of vessels over the years (AMORIM et al.,
2002). Currently, in southeastern/southern Brazil - SE/S
(20° S to 40° S), this fishery is based primarily on the
ports of Itaipava, state of Espirito Santo (ES), Santos (SP),
Itajai, state of Santa Catarina (SC) and Rio Grande, state of
Rio Grande do Sul (RS) (SALES et al., 2008), from which
only national vessels operate. Chartered vessels have been
leased to the northeast, mainly to catch albacores.

The strategies used to capture target species are based
not only on biological and technological factors, but
also on distinct forms of operation. Preferences, skills,
perceptions and access to resources play a fundamental
role in the success of the catch and the distribution of
fishing effort (SALAS; GAERTNER, 2004). These
strategies are one of the most important factors that affect
Catch Per Unit Effort - CPUE (HE et al., 1997).

In Brazil, different strategies and fishing technology
have been employed by the pelagic longline fleet since
the beginning of its activities in the 1950s (MENEZES
DE LIMA et al., 2000). These strategies have altered
over the years in accordance with market changes and the
introduction of new equipment (HAZIN et al., 2007a).
Furthermore, these strategy shifts directly influence
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catch rates and hence the abundance of particular species
(RICKER, 1975). Because of this, the national and
chartered fleets that have operated in the SE/S region
have modified their target species over time on the
basis of resource availability and more efficient market
strategies, thus ensuring the success and development of
this activity.

Clustering methods (e.g. cluster analysis) are applied
to fishing data as a way to determine the strategies used to
capture target species. These methods categorize fishing
effort based on the proportion of species caught and
thus detect changes in strategies of capture (ROGERS;
PIKITCH, 1992; LEWY; VINTHER, 1994; HE et al.,
1997, WU; YEH, 2001; HAZIN et al., 2007a). This
method is very efficient especially in commercial fisheries
with multiple target species, on which it is not always
possible to obtain information from the behavior of the
fleets on their fishing trips (CARVALHO et al., 2010).

This study aimed to categorize the effort and fishing
strategies adopted by both national and chartered pelagic
longline fleets operating from Itajai harbor (SC) in the
SE/S region of Brazil and adjacent waters between 2000
and 2011, based on the proportions of species landed.

MATERIAL AND METHODS

The information used in this study was obtained from
two different monitoring programs conducted by the
Fisheries Study Group (GEP) of the Universidade do Vale
do Itajai - UNIVALI. Information concerning the national
longline fleet was obtained from the Fisheries Statistical
System - SIESPE, while information regarding the chartered
fleet was collected by Onboard Observers Program - PROA,
both conducted by UNIVALI through scientific technical
agreements with the federal government.

Fishing information was first organized into two
matrices considering both fleets (i.e. national and
chartered), the number of landings of each fleet monitored
(i.e., 1080 cruises of the national fleet and 38 cruises
of the chartered fleet were arranged in the rows of this
matrix - Table 1) and the proportion of species and/or
more frequent groups present in the catch of both fleets
(Table 2). These matrices were used to identify fishing
operations patterns and searches for similar target species
among different vessels in separate for both national and
chartered fleet. Thus with a view to classifying capture
patterns and operating strategies, a multivariate approach

based on hierarchical cluster analysis was conducted
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centered on Ward’s method of minimum variance (WARD,
1963). This method consists of maximizing the search
for homogeneity within groups as they are formed. The
groups are, therefore, formed by the process in which the
sum of the squares of the internal residuals is minimized
(HAIR, 2005; BORCARD et al., 2011). In such a manner
as to identify the significance of the groups formed by the
hierarchical cluster analysis, three distinct approaches
were implemented: an Analysis of Similarity (CLARKE,
1993), a Multi-response Permutation Procedure (MIELKE;
BERRY, 2001) and a Permutational Multivariate Analysis
of Variance (ANDERSON, 2001). This kind of combined
analysis, based on distinct assumptions, allows a better
understanding of the significance of the groups formed
by the cluster analysis, mainly as regards the different
sensibilities of each kind of approach used.

Table 1. Number of trips by national and chartered longline
fleets that operated between 2000 and 2011 in southeastern/
southern Brazil.

Year Number of Trips
National Fleet Chartered Fleet

2000 8 0
2001 63 0
2002 72 0
2003 65 2
2004 42 5
2005 77 15
2006 168 15
2007 139 0
2008 117 1
2009 116 0
2010 87 0
2011 126 0
Total 1080 38

Later, graphic compositions of the catches of species
and/or groups were constructed based on the groups
identified by the hierarchical cluster analysis for both
the national and chartered fleets studied, thus allowing
the identification of the target species in each group
previously characterized. To assess the spatial distribution
of the fishing strategies of these fleets, spatial analysis
was also conducted with regard to the groups formed
in the cluster analyses. Fishing areas were standardized
into a common research unit for both fleets (national and
chartered) assumed as spatial quadrants of 30 x 30 minutes
of resolution. This procedure allowed spatial dynamic

Table 2. Common name/groups and scientific name/
family caught by national and chartered longline fleets off
southeastern/southern Brazil (above 20°S) between 2000
and 2011.

Common name/Group  Scientific name/Family

Thunnus alalunga

Albacore Thunnus obesus
Thunnus albacares
Swordfish Xiphias gladius
Blue Shark Prionace glauca
Dolphinfish Coryphanea hippurus
Family Carcharhinidae,
Edontaspididae,
Other Sharks Mitsukurinidae, Lamnidae,

Alopiidae, Squalidae,
Triakidae, Rajidae,
Dasyatidae

Family Istiophoridae,
Other Fishes Serranidae, Scombridae,

Gempylidae

comparison of the two fleets, as well as the visualization of
fishing areas with higher and/or lower effort concentration.

The effort dynamics and operation strategies of these
fleets (e.g. number of days at sea, number of fishing days,
number and immersion time of hooks) were analyzed
through time as well as in terms of the groups observed
in the previous cluster analysis - adjusted to determine
possible strategic shifts in the fishing operations directed
to each target species.

All the analyses presented in this study were carried
out on an open source, free distribution software R 3.0.3
(R DEVELOPMENT CORE TEAM, 2014). Bathymetric
data were derived from ETOPO1 as acquired from the
databases of the National Oceanic and Atmospheric
Administration - NOAA accessed via the marmap package
available for R (PANTE; SIMON-BOUHET, 2013).

RESULTS

NATIONAL FLEET

Hierarchical cluster analysis was able to identify four
distinct groups in terms of the fishing strategies (ANOSIM
- R =0.9287, p-value = 0.0009; MRPP - A = 0.5964,
p-value = 0.0009; PERMANOVA - F = 1055, DF = 3,
p-value = 0.0009; Cophenetic correlation index = 0.856)
adopted by the national pelagic longline fleet operating in
Santa Catarina between 2000 and 2011 (Figure 1).
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Figure 1. Dendrogram of fish landings considering species composition as a proportion landed of each specie per
trip in the national pelagic longline fleet in the state of Santa Catarina between 2000 and 2011. Cluster analysis
based on Ward's method and Euclidean dissimilarity coefficient. Group 1: Albacores; Group 2: Blue shark;

Group 3: Swordfish; Group 4: Dolphinfish.

These groups were formed from the species and/
or groups of species of greatest interest for each vessel
on each fishing trip. Group 1 directed to the captures
to albacores (Thunnus obesus, T. alalunga and T.
albacares), with approximately 46% of total Group
production; Group 2 directed to the capture of the blue
shark (Prionace glauca), with approximately 67% of total
Group production; Group 3 focused on the capture of the
swordfish (Xiphias gladius), with approximately 42% of
total production; and Group 4 directed to the capture of
dolphinfish (Coryphaena hippurus), which represented
about 96% of the total Group production (Figure 2).

The spatial distribution of this fleet indicates extensive
use of the entire area over the continental shelf and slope
areas off SE/S Brazil, including international waters, with
emphasis on the Rio Grande Rise (Figure 3). The fishery
directed to albacores (Group 1), although there are some
trips to oceanic regions, demonstrates a pattern in the use
of the external continental shelf and slope waters of Sao
Paulo and Rio Grande do Sul states. The captures of blue
shark (Group 2) and swordfish (Group 3) over the outer
continental shelf and slope areas between the states of Rio
de Janeiro and Rio Grande do Sul is shown to be important,
including the oceanic region and on the Rio Grande Rise.
The fishery directed to the dolphinfish (Group 4), occurred

in more coastal regions, between Espirito Santo and
Rio Grande do Sul states. This feature is related to the
distribution area of the target species, as well as limited by
the smaller size of the vessels used. In general, the depths
of operation for the national longline fleet, considering the
4 different fisheries identified throughout the historical
series, ranged from 50 to 6000 m.

The distribution of effort in days at sea, fishing
days and total number of hooks observed over the years
showed that between 2000 and 2002 the central tendency
of these variables (median), in general, was higher than
the observed pattern in other years. From 2003 onwards,
effort patterns of this fleet were shown to be stable
(Figure 4).

The effort on days at sea, fishing days and total
number of hooks used, discriminated by fishery shows that
Groups 1, 2 and 3 presented a similar pattern of operation
in equivalent areas to capture the different resources.
However, Groups 2 and 3, in general, showed an effort
in days at sea and fishing days a little higher than that of
Group 1, because they also use oceanic areas and the Rio
Grande Rise as fishing areas. Group 4 showed a lower
effort in days at sea, certainly influenced by the autonomy
of vessels, fishing strategy and the close proximity to areas
of target species concentration (Figure 5).
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Figure 2. Proportions capture species landed by each of the groups identified in the clustering analysis. Group 1:
Albacores; Group 2: Blue shark; Group 3: Swordfish; Group 4: Dolphinfish.
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Figure 3. Density distribution of the areas visited by each group of national pelagic longline fleet between 2000
and 2011. Lines represent the isobaths of 1000, 2000, 3000 and 4000 meters. Bathymetric data were obtained
from ETOPOI, as acquired from the databases of the National Oceanic and Atmospheric Administration - NOAA
accessed via marmap package for R (PANTE & SIMON-BOUHET, 2013). Group 1: Albacores; Group 2: Blue
shark; Group 3: Swordfish; Group 4: Dolphinfish.
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Figure 5. Box-plot of total effort in days at sea, fishing days and number of hooks for each of
the groups of national pelagic longline fleet grouped for each year between 2000 and 2011.
Group 1: Albacores; Group 2: Blue shark; Group 3: Swordfish; Group 4: Dolphinfish.

Total effort in number of days at sea, fishing days
and total number of hooks used by each of the fisheries
identified between the years 2000 and 2011, showed distinct
moments of shifts in operating strategy and fleet interest
(Figure 6). In Group 3 a large increase in effort in days at
sea, fishing days and total number of hooks was observed
at the beginning of the decade (2000-2003), followed by a
sharp decrease in the following years (between 2003 and
2005). From 2005 it was possible to discern the growth of a
new fishery, directed to dolphinfish, which at the beginning
of the series presented a lesser effort than the other groups.

BRAZILIAN JOURNAL OF OCEANOGRAPHY, 63(4):407-422;2015

The reduction in the fishing effort directed to the capture of
swordfish (Group 3) resulted in the development of other
fisheries (Figure 6), and from 2005, fisheries directed to
albacores (Group 1), blue shark (Group 2) and dolphinfish
(Group 4) became more evident. Another important factor
is that, because of their high commercial value, the fishery
directed to albacores at any one time concentrated more
interest in terms of fishing effort. In general, the fishery for
albacores (Group 1) remained in fourth place on a scale of
targeting effort, unlike other fisheries of this fleet, which
alternated on a scale of attention and targeting (Figure 6).
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Figure 6. Total effort in days at sea, fishing days and number of hooks
for each of the groups of national pelagic longline fleet between 2000
and 2011. Interruptions of lines indicate no data for the period. Group
1: Albacores; Group 2: Blue shark; Group 3: Swordfish; Group 4:
Dolphinfish.

In relation to soaking time of fishing gear (Figure 7),
the fisheries directed to albacores (Group 1), blue shark
(Group 2) and swordfish (Group 3) presented a standard
average time of 12 hours. However, Group 1 showed the
greatest variation in soaking time. In Group 4 (dolphinfish),
despite the fact that data showed a standard of 7.5 hours
of immersion, a large variation was observed due to the
different operating strategies adopted by this fleet.

CHARTERED FLEET

The hierarchical cluster analysis showed the presence
of three distinct fisheries (ANOSIM - R = s0.6187,
p-value = 0.0009; MRPP - A = 0.2898, p-value = 0.0009;
PERMANOVA - F = 18636, DF = 2, p-value = 0.0009;
Cophenetic correlation index = 0.647) for the chartered
pelagic longline fleet that operated in SE/S Brazil and was
monitored by onboard observers from PROA between
2003 and 2008 (Figure 8). These groups were formed on

the basis of the species and/or groups of species of the
greatest interest for each vessel on each fishing trip, Group
1 being directed to capture the swordfish (Xiphias gladius),
with approximately 68% of the total Group production;
Group 2 directed to capture the blue shark (Prionace
glauca), with around 41% of the total production of the
Group; and the Group 3 focused on albacores (Thunnus
obesus, T. alalunga and T. albacares) with approximately
50% of total production in the Group (Figure 9).

Although the monitored number of cruises of this fleet
is lower than the national fleet, spatial data distribution
(Figure 10) showed patterns distinct from those of the
national fleet, indicating a greater use of more oceanic
areas, as in the case of the Vitoria-Trindade Chain, when
fleet intended to capture the swordfish (Figure 10 - Group
1). The fishery directed to blue shark (Group 2) was
otherwise concentrated in the outer areas of the continental
slope and the Rio Grande Rise (Figure 10 - Group 2). In
the case of the fishery directed to albacores (Group 3), the
effort was focused only on the shelf break, off the states of
Santa Catarina and Rio Grande do Sul (Figure 10 - Group
3). In general, the depths of operation of this fleet ranged
from 630 to 5300 meters.

In relation to effort in days at sea, fishing days and total
number of hooks used, no consistent pattern was observed
over the years (Figure 11), mainly due to the variation in the
number of operating vessels and the search for target species.
It should be noted that the variation in the number of vessels
operating in this region over the years is directly linked to
the prior authorization from the federal government required
to fish. Moreover, in 2008 only one vessel operated in the
region, with an effort in days at sea, fishing and total number
of hooks performed well above the previous years.

The analysis of fishing effort distribution by fishery
(Groups) (e.g. days at sea, fishing days and total number of
hooks used) revealed two distinct strategies in patterns of
fleet operation, one directed to the capture of the swordfish
(Group 1), with relatively larger overall effort employed
than that adopted for other fisheries (Groups 2 and 3). In
the case of fisheries directed to the capture of the blue
shark (Group 2) and albacores (Group 3), fishing patterns
were very similar (Figure 12).

Observing the total effort of this fleet in each fishery
(e.g. days at sea, fishing days and total number of hooks
used), there was considerable fluctuation over the years
(Figure 13), possibly affected by the continual incoming
and outgoing of vessels. The effort in terms of the total
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Figure 7. Histogram of soak time of hooks for each groups of national pelagic longline fleet
during the study period (2000-2011). Group 1: Albacores; Group 2: Blue shark; Group 3:
Swordfish; Group 4: Dolphinfish.
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landed of each specie per trip in chartered pelagic longline fleet in the state of Santa Catarina
between 2003 and 2008. Cluster analysis based on Ward's method and Euclidean dissimilarity
coefficient. Group 1: Swordfish; Group 2: Blue shark; Group 3: Albacores.
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Figure 10. Density distribution of the areas visited by each of the
groups of the chartered pelagic longline fleet between the years
2003 and 2008. Lines represent the isobath of 1000, 2000, 3000 and
4000 meters. Bathymetric data were obtained from ETOPOI, as
acquired from the databases of the National Oceanic and Atmospheric
Administration - NOAA and accessed via marmap package for R
(PANTE & SIMON-BOUHET, 2013). Group 1: Swordfish; Group 2:
Blue shark; Group 3: Albacores.

number of hooks is directly related to the strategy adopted
by each vessel in its various fisheries. For the blue shark
(Group 2), there was a small decrease in effort in days at
sea and fishing days between the years 2003 and 2004,
but an increased effort occurred in number of hooks used.
This pattern continued until 2005, when the total number
of hooks achieved a peak. Despite the decrease in the
number of vessels, the remaining vessels increased their
effort in days at sea, fishing days and total number of
hooks. For Group 1 (swordfish), there was initially a great
effort in days at sea (approximately 65 days) and fishing
days (approximately 55 days). An increasing effort in days
at sea was later observed, with a decrease in fishing effort
on fishing days and consequently the number of hooks
used, due to the distance to the fishing grounds (Trindade
and Martin Vaz Archipelago). Between the years 2005 and
2006 a big drop in the total effort occurred. On the other
hand, a further increase in effort in days at sea and fishing
days occurred between 2006 and 2008, accompanied by a
large increase in effort in the total number of hooks.

Group 3 (albacores) maintained a certain stability
in the patterns of effort in days at sea and fishing days
between the years of 2005 and 2006. Additionally, it was
possible to distinguish a gradual increase in effort in the
total number of hooks used, a characteristic that may be
associated with the good catch rates obtained for the target
species of this fishery.

Considering the soak time over the years (Figure 14),
the data showed low variation due to the change of target
species. In general, the immersion pattern of hooks ranged
between 10 and 13 hours.
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DISCUSSION

According to CADDY and GRIFFITHS (1996),
most of the fish production of the country takes place
within 200 miles of the coast (territorial waters). In SE/S
Brazil, trawling fleets, seines, traps, gillnets and longlines
are the resources used by the industrial fishing activity
(CERGOLE et al., 2005).

National pelagic longline fleet used different areas,
ranging from the northeast region to international waters,
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but always kept within the region between 20°S (Vitoria-
Trindade Chain) and 35°S (Maldonado, Uruguay) as
their main area of activity (MENEZES DE LIMA et al.,
2000). Apart form that, distant oceanic areas (e.g. the
Rio Grande Rise) are used intensely during the summer
months (December to March) when ocean conditions are
more favorable (MAYER; ANDRADE, 2003; GIFFONI
et al., 2008; MOURATO et al., 2011). In general, national
pelagic longline fleet based on the port of Itajai (SC) use
all the SE/S regions as their main fishing area.
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Figure 13. Total effort in days at sea, fishing days and number of
hooks for each of the groups of chartered pelagic longline fleet
between the years of 2003 and 2008. Group 1: Swordfish; Group 2:
Blue shark; Group 3: Albacores.

The composition of species landed by national fleet
over the period studied corroborates the data given in
other studies in the region (MENEZES DE LIMA et al.,
2000; SCHWINGEL; MAZZOLENI, 2004; SALES et al.,
2010; MOURATO et al., 2011). This composition reflects
the interest of each vessel on each fishing trip in particular
target species. Groups 1 (albacores), 2 (blue shark) and 3
(swordfish) are basically landed by the same vessels that
alter their fishing strategies and areas according mainly
to the availability of the resource and the market value
(national and international) of each species (MENEZES
DE LIMA et al., 2000; HAZIN et al., 2007a). During
summer months, a different fleet moves from the region
of Itaipava (Espirito Santo) to seek dolphinfish (Group
4) from the port of Itajai (DALLAGNOLO; ANDRADE,
2008). These latter authors reported that during 2005, this
fleet accounted for 70% of all dolphinfish landed, with
approximately 96% of this landing occurring during a
three-month period (December, January and February).

Frequency

2
3

o 2 ) - 2
5 10 15 20 5 5 10 15 20
Soak time (hours)

Figure 14. Histogram of soak time of hooks for each of the groups
of chartered pelagic longline fleet between 2003 and 2008. Group 1:
Swordfish; Group 2: Blue shark; Group 3: Albacores.

For the chartered fleet, despite the lower number of
vessels and trips monitored, the greater concentration of
effort in specific regions was evident. Group 1 (swordfish)
operated primarily on the Vitéria-Trindade Chain referred
to one trip made by a vessel in 2008, totaling 104 fishing
days. Because of this great effort, cluster analysis separated
a group for this species. The region of the Vitoria-Trindade
Chain is an important area for longline fishing, the presence
of foreign vessels, both legalized and clandestine, being
constantly reported there (WU; YEH, 2001; PINHEIRO
et al., 2010). In Group 2 (blue shark), there was an overlap
in the area used by the national fleet, but effort was more
concentrated in the region of the shelf break off Santa
Catarina and Rio Grande do Sul states. According to
MAYER and ANDRADE (2005), this region presents catch
rates during the year, which together with the aggregated
value due to the fin trade, compensate for the lower market
values than those of swordfish and albacores. In Group
3 (albacores) there was an overlapping area with Group
2 (blue shark), but with considerably less effort. This
indicates that, when Group 3 operated in SE/S Brazil the
efforts expended were not exclusively concentrated on the
capture of albacores. An effort concentrated on albacores
was observed in the northeast, between latitudes 1°N and
20°S (HAZIN et al., 2007b).

In Brazil, chartered fleet have historically contributed
to the rise of catches of tuna and related species, thus
ensuring from the ICCAT (International Commission for
the Conservation of Atlantic Tunas) the permanence of or
increased catch quotas for each signatory country. This
explains why most of the foreign ships operating in the
northeast region (UOZUMI; NAKANO, 1994; TEIXEIRA
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et al., 2002) were extremely rich in qualitative terms in the
tuna species (WU; YEH, 2001; ROCHA et al., 2001). The
part of the chartered fleet fishing in the SE/S region sought
to capture swordfish and blue shark, precisely because of
their high international price and the aggregated value
of their fins (AMORIM; ARFELLI, 1984). According
to CARVALHO et al. (2010), since 2001 the national
fleet have gradually assimilated the technology for the
capture of swordfish, which, allied to favorable market
conditions (both national and international) have served as
extra incentive to direct efforts to catch this species. The
participation of properly leased foreign vessels operating
in Brazilian waters has been of fundamental importance
both in the expansion of ICCAT quotas as also in the
development of the national fleet.

Each of the groups of national and chartered fleets
formed demonstrates that the strategies used by the
group end up serving to catch species of other groups.
Previous studies have shown strong correlations between
catches of swordfish with blue shark, and albacore with
blue shark, which probably occur because of similarities
in the feeding habits and habitat use of these species
(CARVALHO et al., 2010, MOURATO et al., 2011). Due
to the strategies employed by Group 4 (dolphinfish) of the
national fleet (e.g. small depth of submergence of the hook
- CAMPOS et al., 1993), there has been a high degree of
specialization, resulting in an almost monospecific capture
(DALLAGNOLO; ANDRADE, 2008). This specificity
was not evidenced in the monitoring program carried
out at the port of Itaipava, where there is great variation
in the number of species landed (KLIPPEL et al., 2005;
MARTINS et al., 2005) arising from the use of different
fishing techniques (e.g. bottom longline, pelagic longline
for swordfish, hand line and others).

Grouped data regarding effort on days at sea and fishing
days of the national fleet demonstrate that, although there
was an increase between 2000 and 2002, followed by a
subsequent decrease, the figures remained stable over the
following years, confirming the results obtained by MAYER
and ANDRADE (2003). In relation to the total effort in
number of hooks, a fluctuation over the years, related to
the continuous incoming and outgoing of vessels each year,
corroborates the conclusions of MENEZES DE LIMA et
al. (2000) reported in a monitoring study of longline fleet
effort between 1972 and 1997. As for the port of Itajai, these
data confirmed the tendency found by UNIVALI/CTTMar
(2010), where stability occurred between the years of 2000
and 2005, with a subsequent increase to the year 2009.

Fiedler et al.: Spatio-temporal distribution in longline fisheries

For the chartered fleet, the change in effort is to be
explained by the fluctuation in the number of vessels
that operated in the region during the period studied.
MENEZES DE LIMA et al. (2000) reported this
fluctuation as responsible for the variation found in total
effort in the 1980s and 90s. This fluctuation is associated
with the little interest of companies in the region due to
the leasing programs offered by the Federal Government,
since the costs are high (TEIXEIRA et al., 2002). The
effort expended by the national fleet showed that there
were differences among the 4 groups identified. The
main difference concerns the effort on days at sea, which
is directly related to the fishing area and the vessels
autonomy. Because the fishing grounds of Group 4
(dolphinfish) are closer to the coast (DALLAGNOLO;
ANDRADE, 2008; MARTINS; DOXSEY, 2006) and the
vessels used are smaller (MARTINS et al., 2005), there is
a smaller effort in days at sea. However, the total number
of hooks used was similar to the other groups’, which is
certainly related to the strategy adopted - that of using
more than one set on a single day (DALLAGNOLO;
ANDRADE, 2008; BUGONI et al., 2008).

The similarity in the effort for chartered fleet between
Group 2 (blue shark) and 3 (albacores) is to be explained
by the performance of vessels in the same fishing area.
On the other hand, Group 1 (swordfish) that operates
farther from shore (Vitoria-Trindade Chain) had a greater
effort. The activity of this group in the Trindade and
Martin Vaz Archipelago region can be explained by the
occurrence of the mature individual swordfish (HAZIN;
HERZINI, 2008) present in this region, due to high food
concentrations (ZAVALA-CAMIM, 1982), which ensures
the income despite the increased effort involved.

The fluctuation of the effort made by national fleet
over the years has reflected the operational dynamics
of this activity. Groups 1 (albacores), 2 (blue shark)
and 3 (swordfish) operate throughout the year, but with
significant variations (UNIVALI/CTTMar, 2010), as
do the conditions of national and international markets
(HAZIN et al.,, 2007a). In Group 4 (dolphinfish),
which operates mainly during the summer months
(DALLAGNOLO; ANDRADE, 2008), a gradual
increase in effort observed as from 2001 could be related
to the migration of vessels arising from the collapse of
shrimp and grey triggerfish (Balistes capriscus) fisheries
on the coast of Espirito Santo (MARTINS; DOXSEY,
2000). For chartered fleet the fluctuation of the effort is
directly related to the incoming and outgoing of vessels
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in the region. In addition, many vessels initially made a
survey of the pelagic resources of the region, in order to
assess the feasibility of operating there.

The soak time is an important variable for the pelagic
longline fishery, because it directly affects capture efficiency
(LOKKEBORG, 1990). Due to saturation of the equipment
with time occurs the loss of bait (WARD; MYERS, 2007),
reducing its attractive power (LOKKEBORG, 1990), or
increasing the possibility of fishes” escaping. For national
fleet, the average soak time for Groups 1 (albacores), 2
(blue shark) and 3 (swordfish) is approximately 12 hours.
However, a greater variation of this time (3-15 hours),
certainly related to the time taken by the search for albacores,
is motivated by the growing trade in fresh tuna. BIGELOW
et al. (2006) in a study conducted in Hawaii also showed
that the soak time is increased when the vessels attempt to
capture swordfish (between 11 and 28 hours), and albacores
(between 13 and 31 hours). A study of the longline fleet
based on Sao Paulo state, found a mean soak time of 20
hours (MOURATO et al., 2011), which is much higher than
that recorded in this study. This difference is related to the
different strategies adopted by the two fleets (SP and SC) for
the capture of the same resources. In Group 4 (dolphinfish)
the average soak time was 7.5 hours, differently from
DALLAGNOLO and ANDRADE’S (2008) finding of an
average 9.4 hours. This difference could be explained both
by changes in fishing strategy, which undertakes multiple
sets on the same day as by the great variation in soak time
adopted by the fleet, which often “check” the longline that
remain in the water for several hours. For chartered fleet
the standard time for the three groups varied between
10 and 13 hours. Different studies have reported a great
variability of soak time worldwide, varying from 3 to 22
hours (LOKKEBORG:; PINA, 1997, DONOSO; DUTON,
2010; CARRUTHERS et al., 2011). However, this present
study showed a small variation in soak time, revealing that
the fleet operated with well-defined catch strategies.

Despite an overlapping of the fishing areas covered
by national and chartered fleets, particularities in fishing
strategy, the use of specific regions, and the technology
used make them distinct. Currently, national fleet have
added the necessary knowledge (technological and of
behavior of the species) to obtain good yields in different
seasons. Nevertheless, studies on the biology of the
species are needed to assist in the management of these
resources and to ensure the maintenance of the activity.
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