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Introduction
The most recent review of Brazilian deep‐water fisheries is by Perez et al (2009b). Until the
early 1990s deep‐water fishing was essentially scientific or restricted to hand‐line
operations over slope grounds and seamounts targeting various rockfish species (Paiva et
al., 1996; Peres & Haimovici, 1998). In addition, Soviet trawlers explored the Martin Vaz
(20‐21°S, 36‐39°W) and Rio Grande Rise (28°‐35°S, 20°‐38°W) seamounts in the 1980s (Clark
et al., 2007). Despite a few government efforts to map the ocean floor and assess potential
resources, commercial fishing beyond the continental shelf break (100‐250 m) until the
1990s was generally considered unproductive and uneconomical (Haimovici et al., 1994;
Haimovici, 2007). The development of deep‐water fisheries was mainly in the southeastern
and southern sectors of the Brazilian coast (19°‐34°S) (see Figure 1) and was motivated by
the overfishing of the main coastal resources and a government led vessel‐chartering
program. Around 2000‐2001, foreign‐chartered longliners, gillnetters, potters, and trawlers
started to operate in Brazilian waters, leading the occupation of the upper slope (250‐500
m), mostly targeting monkfish (Lophyus gastrophysus), Argentine hake (Merluccius hubbsi),
Brazilian codling (Urophycis mystacea), wreckfish (Polyprion americanus), Argentine short‐fin
squid (Illex argentinus), red crab (Chaceon notialis), and royal crab (Chaceon ramosae).
Between 2004 and 2007, chartered trawlers established a valuable fishery on deep‐water
shrimps (family Aristeidae), heavily exploiting the lower slope (500‐1000 m). However,
despite intensive data collection, the availability of timely stock assessments, and a formal
participatory process for the discussion of management plans, deep‐water stocks are
already considered to be overexploited due to limitations of governance (Perez et al,
2009b). The purpose of this present review is to describe development of these fisheries
and their monitoring and management, in order to inform the DEEPFISHMAN Project
regarding the development of a monitoring, assessment and management framework for
deep‐water fisheries in the NE Atlantic.

Description of the deep‐water fishing grounds off Brazil
The continental margin off the Brazilian coast can be subdivided into five sectors:
northern, northeastern, central, southeastern, and southern (Figure 1).

Figure 1. Continental margin off Brazil, SW Atlantic. a) northern and northeastern sectors, b)
central, southeastern, and southern sectors (from Rossi‐Wongtschowski et al., 2006). Dots represent
fishing hauls conducted by the chartered trawlers. (see description of deep‐water fisheries below).
Chartered gillnetters, potters, and longliners operate in the same slope areas as those occupied by
trawlers (see the lower map) but are not represented for clarity.

Deep‐water fishing activities have concentrated on the slope grounds of the south‐eastern
and southern sectors. This area is highly undulated and morphologically characterized by
the occurrence of several seaward protrusions and submarine canyons between 100 and
1000 m depth (Figueiredo Jr. & Madureira, 2004). The slope floor is generally covered by
mud, but there are areas where nodules of calcareous algae and beach rocks concentrate,
predominantly north of 26°S. In addition, deep‐water coral reefs have been mapped along
the lower slope of southeastern sector (20°‐24°S), some of them hundreds of meters long,
tens of meters wide, and up to 15 to 20 m high (Pires, 2007).
Seamounts have been of secondary importance for deep‐water fishing activity off the
Brazilian coast. These structures ascend from the slope and ocean basin floor throughout
the Brazilian EEZ (Rossi‐Wongtschowski et al., 2006). Particularly dense and accessible
seamount concentrations are found in the central and northeastern sectors, most notably as
part of the Ceará Plateau, Fernando de Noronha Chain, and Vitória‐Trindade Chain.
Hand‐line fishing and trawling have been reported on seamounts of these chains
(Fonteles‐Filho & Ferreira, 1987; Martins et al., 2005; Clark et al., 2007). In 1982‐1984 and
2000‐2002, Soviet/Russian vessels also reported trawling on seamounts of the Rio Grande
Rise area, outside the Brazilian EEZ (Clark et al., 2007).

Description of the deep‐water fisheries off Brazil
At the end of the 1990s, a new government led scientific program was established to assess
fishing potential in the Brazilian EEZ (REVIZEE Program; Anon, 2006). Commercial
fishing by Brazilian vessels had already expanding to the outer continental shelf and slope,
largely as a result of the over‐exploitation and subsequent decline in catch‐rates in fisheries
on the inner shelf (Perez et al., 2001). To enhance this development, the Brazilian fishing
authorities in 1998 introduced a foreign vessel‐chartering program. This program allowed
national companies to operate in Brazilian waters using technologically efficient foreign
vessels specialized in oceanic and deep‐water fisheries, featuring on board fish handling,
processing, packing, and freezing (Wahrlich et al, 2004). This program identified the
existence of exploitable resources and international marketing opportunities mainly in the
EU and Asia (Soares & Scheidt, 2005), and from 2000 onwards an unprecedented
commercial exploration began of fishing grounds 200 to 1000 m deep (Perez et al., 2003).
Deep‐water fisheries off Brazil comprise hook‐and‐line (operated as handlines, longlines,
bottom gillnets, pots, and bottom trawls (Perez et al., 2003). The national fleet participated
in the occupation of deep areas with longliners and trawlers. Chartered vessels operated
with these gears but also introduced the use of deep‐water gillnets and traps in the
Brazilian EEZ (Perez et al., 2003; Wahrlich et al., 2004). Chartered fishing operations
intensified from 2000 onwards, gradually diminishing between 2004 and 2007 as many
foreign vessels moved away from the Brazilian EEZ.
Handline fishing off Brazil was first a coastal activity in the central sector, specifically off
the southern coast of Bahia State and the Abrolhos Archipelago (17°25ʹ‐18°10ʹS, 38°33ʹ‐
39°37ʹW). In the 1970s, the fleet expanded activity towards the slope grounds of the
southeastern and southern coasts (200‐600 m depth) and changed its technology to vertical
longlines and finally to bottom set horizontal long‐line (Peres & Haimovici, 1998). By the
end of the 1990s, handline and long‐line fleets were operating on slope grounds to the
north and south of 29°S, respectively. Handliners targeted the tilefish (Lopholatilus villarii),
snowy grouper (Epinephelus niveatus), sandperch (Pseudopercis numida), and catfish

(Genidens barbus); whereas the longliners targeted mainly the wreckfish , but also produced
important catches of Brazilian codling, red porgy (Pagrus pagrus), and pink cusk‐eel
(Genypterus brasiliensis) (Ávila‐da‐Silva & Arantes, 2007; Haimovici et al., 2007). Four
chartered longline vessels operated off the southern sector of the Brazilian EEZ, three in
2000 and one in 2001, all targeting wreckfish concentrations south of 30°S and between 159
and 800 m. These trips also landed important catches of pink cusk‐eel, the school shark
(Galeorhinus galeus), and tilefish (Perez et al., 2003).
The deep‐water gillnet fishery started in 2001 with two vessels and increased to a
maximum of ten in 2002, most of them originating from Spain (Wahrlich et al., 2004).
Fishing took place on the upper slope grounds, between 200 and 500 m depth along the
entire southeastern and southern sectors of the Brazilian coast (Perez et al., 2002a).
Monkfish was the targeted species, accounting for around 40% of the catch by number.
Catches of royal crabs, spider crabs (family Majidae), beardfish (Polimixia lowei), silvery
John dory (Zenopsis conchifera), Brazilian codling, Argentine hake, wreck‐fish, angel shark
(Squatina argentina), and various skates (Rajidae) were also important. In mid‐2002,
government regulations prohibited foreign gillnetters to operate south of 21°S and this
resulted in a cessation of chartered gillnet operations off Brazil. A small national fleet (up
to 5 vessels) continued the fishery using the fishing technology and the international
markets introduced by the chartered vessels (Wahrlich et al., 2004).
The first recorded pot/trap fishing for deep‐water crabs was recorded in 1984‐1985, when
two chartered Japanese vessels operated off the southernmost extreme of the Brazilian EEZ
(Lima & Branco, 1991). This activity began again in 1998 when another Japanese vessel
initiated operations in the same area as part of the government led chartering program
(Perez et al., 2003). On both occasions, the species targeted was the red crab, a stock whose
distribution extends southwards to Uruguayan waters, where a similar pot fishery has
existed since the 1990s (Defeo & Masello, 2000). The same single vessel continued to
exploit the red crab off Brazil until 2007, operating on the upper and lower slope (200 to
900 m depths) south of 33°S (Pezzuto et al., 2006a). Between 2001 and 2002, four chartered
pot vessels from Russia, Spain, and the UK started fishing off southern Brazil for another
species of deep‐water crab, the royal crab. Fishing was concentrated on the lower slope
(500‐900 m) within the area bounded by the parallels 27°S and 30°S. In 2003, this area was
expanded northward with the establishment of a new fishing ground off southeastern
Brazil between 19°S and 25°S, and this coincided with the entry of another two vessels
from Spain and one from the USA. By 2007, all of these vessels had gradually abandoned
fishing in Brazilian waters. There are only two reported incidences of pot fishing for deep‐
water crabs by national vessels; briefly in 2004‐2005 off southern Brazil and in 2006 off the
coast of Ceará in the northeast sector of the Brazilian coast. There, one vessel exploited a
third species of the genus Chaceon, the golden crab C. fenneri, at depths of 600 to 800 m
(Carvalho et al., 2009).

Trawling on the slope areas off Brazil intensified from 1999 onwards as a consequence of
both the expansion of traditional fishing areas of the national fleet and the operation of
foreign trawlers chartered to explore deep grounds within the Brazilian EEZ (Perez et al.,
2001, 2003). In southeastern and southern Brazil, a preliminary “exploratory phase” of
chartered trawling was carried out in 2000 and 2001 by two large Portuguese and South
Korean vessels fishing between 100 and 400 m depth (Perez et al., 2003; Perez et al., 2009a).

This resulted in an “upper slope directed phase” characterized by intense exploitation by
seven trawlers mostly from Spain of Argentine hake in two strata, 23°S‐25°S and 26°S‐29°S,
at a depth 250‐400 m. Catches of the Argentine squid were also important, along with the
monkfish, silvery John dory, and Brazilian codling, the latter usually discarded due to the
lack of an international market. After sharing the upper slope and most of its demersal
resources with the national fleet for nearly one year, most of chartered trawlers involved in
this fishery left Brazilian waters by the end of 2002 (Perez et al., 2009a).
Chartered trawling off Brazil continued, however, through the operation of another group
of foreign vessels developing and prosecuting a fishery on the lower slope targeting
concentrations of aristeid shrimps: Aristaeopsis edwardsiana (scarlet shrimp), Aristeomorpha
foliacea (giant red shrimp), and Aristaeus antillensis (alistado shrimp) (Pezzuto et al., 2006b;
Perez et al., 2009a). Two Spanish trawlers started this fishery in late 2002‐2003, in a limited
area bounded by the 24‐26°S parallels and 700‐750 m isobaths. In mid‐2004, another five
trawlers from Spain, Mauritania, and Senegal started operations within the same area, and
then moved gradually to new grounds to the north (19°30’‐20°S) and, in 2005, to the south
of 26°S (Pezzuto et al., 2006b; Dallagnolo et al., 2009). This phase directed at the lower slope
was the longest to be sustained by chartered trawlers off Brazil, but it also declined in 2007
when most vessels abandoned Brazilian waters due to poor catch rates.
Chartered deep‐sea trawling was also attempted in the northern and northeastern sectors
of the Brazilian coast at depths between 428 and 1,158 m deep off the coast of Amapá State
(47‐50°W) in late 2002, where productive concentrations of A. edwardsiana and A. antillensis
were found (Pezzuto et al., 2006b). Additionally, a few trips by one trawler were directed
towards the seamounts making up the Ceará Plateau and Fernando de Noronha Chain.
These seamounts rise from nearly 1,000 m at the base to 200 m at the top, where the gentle
topography was found suitable for trawling. Catches in these areas were mostly composed
of the Warsaw grouper (Epinephelus nigritus), but catch rates decreased rapidly to
unprofitable levels. These areas have been abandoned ever since (Perez et al., 2009a).
A summary of the deep‐water fishing activity carried out by the foreign chartered fleet off
Brazil between 2002 and 2007 is given in Table 1, below.

Table 1. Spatial distribution of deep‐water fishing hauls conducted by the foreign chartered fleet off
Brazil between 2000 and 2007. Hauls are grouped by fishing gears, depth strata (and seamounts),
and sectors of the Brazilian coast (data by sector includes a small amount of fishing on the shelf‐
break (100‐250 m). Numbers in parentheses represent the proportion (%) of hauls conducted by gear
in each depth strata and sector. In the last line, the number in parentheses represents the proportion
of hauls conducted by fishing gear (modified from Perez et al, 2009b)

Fishing gear/depth strata/sector
Upper slope
(250‐500) m
Lower slope
(> 500) m
Seamounts
Coastal sector
North
Northeast
Central
Southeast
South
Total

Longline
9
(19.6)
28
(60.9)
0
(0.0)

Gillnet
3186
(92.3)
230
(6.7)
0
(0.0)

Pot/traps
628
(9.5)
5925
(90.0)
0
(0.0)

Trawl
5634
(24.8)
15360
(67.7)
965
(4.3)

Total
9457
(28.9)
21543
(65.7)
965
(2.9)

0
(0.0)
0
(0.0)
0
(0.0)
4
(8.7)
42
(91.3)
46
(0.1)

0
(0.0)
6
(0.2)
10
(0.3)
2294
(66.4)
1143
(33.1)
3453
(10.5)

19
(0.3)
57
(0.9)
292
(4.4)
4498
(68.3)
1715
(26.1)
6581
(20.1)

55
(0.2)
1221
(5.4)
3850
(17.0)
17438
(76.9)
123
(0.5)
22687
(69.2)

74
(0.2)
1284
(3.9)
4152
(12.7)
24134
(74.0)
3023
(9.2)
32767
(100.0)

Trawls and pots/traps accounted for almost 70% and 20% of the total fishing activity
respectively, most of which was on the lower slope in the southeast sector. Gillnet activity
(10% of total) was also focussed in this sector but mostly on the upper slope. Activity by
longliners was negligible over the period 2002-2007. Treating the year 2000 as a reference
for the start of a deep‐sea fishingin Brazil, total landed catches of the main demersal “deep‐
sea” resources reported for the southeastern and southern sectors of Brazil, where this
activity has concentrated, varied annually from around 5,800 t in 2000 to a maximum of
20,000 t ton in 2002, decreasing to nearly 11,000 ton in 2006 (Table 2). These annual figures
reported in Perez et al, (2009) include landings for some species which may or may not be
considered to be deep‐water species depending on the definition of deep‐water used.
These species include the Brazilian codling, Argentine hake, monkfish and the Argentine
squid. If these species are excluded, deep‐water crab species and, in later years, deep‐water
shrimp species accounted for the majority of annual landings.

Table 2. Annual landings (t) of deep‐water resources in southeastern and southern Brazil between
2000 and 2006 (from Perez et al, 2009b).

Fisheries monitoring
The deep‐water fishery developed off the coast of Brazil was one of the most intensely
monitored fisheries in Brazilian waters. In addition to the use of official data collection
logbooks, observers and VMS programs were implemented for the first time in order to
enforce the legal obligations of the chartered fleet when the REVIZEE scientific exploration
program was commissioned. Observer and VMS coverage applied to all vessels (i.e.100%
coverage). These programs were conducted as part of a scientific cooperation agreement
between the Brazilian government and the University of “Vale do Itajaí” (Santa Catarina,
southern Brazil). In 2005, after a period of development and adjustments, these programs
became national policies were incorporated into the agenda of the Special Secretariat of
Aquaculture and Fishery, the Ministry of the Environment and Natural Resources, and the
Brazilian Navy.
Between 2000 and 2007, 311 fishing trips by the chartered fleet were observed and
monitored by satellite VMS. Data on fishing position, depth, and catch/bycatch from over
35,800 fishing sets were recorded. Observers also collected biological samples of these
catches and recorded biological data (length, sex, and maturity, depending on the species)
for around 713,810 individuals of the main target species. Complementary data was
obtained during the same period for landings by the national fleet.

Fisheries‐independent surveys
Fisheries and biological data were also obtained from surveys mostly conducted by
research vessels in 2001 and 2002 as part of the REVIZEE program (e.g., Cergole et al., 2005;
Costa et al., 2005; Rossi‐Wongtschowski et al., 2006). The survey area included southern

Brazilʹs outer shelf and slope between Cabo Frió (23°S) and Chui (34°35ʹS) and comprised
152,354 km2 within a depth range 100 to 600 m. However, much of the data collected and
results arising (exploitable biomass estimates using swept area raising methods), were
only available for the main largely upper slope demersal species, monkfish and hake
species, for example.

Species‐specific fisheries, biological information, stock assessments
and stock status
Wreckfish (Polyprion americanus)
The species is long‐lived (up to 76 years), the age of maturity is around 10 years and
spawning occurs in localized areas off southern Brazil (Peres & Haimovici, 2003). In these
areas, most of the local stock is highly vulnerable to the Brazilian long‐line directed fishery
as well as unintentional mortality from slope trawling and monkfish gillnetting (Peres &
Klippel, 2003; Perez & Wahrlich, 2005). Sparse catch records of this species date back to
1973, but a series of nominal catches has been available from 1986 onwards (Valentini &
Pezzuto, 2006). Until 2004, annual reported landings oscillated around 700 to 800 t. These
data my be not be accurate as they likely include landings for two other serranids
(Epinephelus niveatus and E. flavolim‐beatus) and because there has been a historical trend of
unreported catches, particularly during the first half of this period (Haimovici & Peres,
2005). These authors estimated that landings declined nearly 79% since 1989 (dropping
from 2,200 t in that year to less than 460 t in 2002), in association with abundance
reductions ranging from 57 to 94%, according to CPUE time‐series analysis. Part of this
reduction has been attributed to a significant increment in fishing mortality as the result of
rising demands of international markets and increased fishing power in the longline fleet.

Red crab (Chaceon notialis)
Exploitation of the red crab started in Brazil in 1998, when a Japanese factory vessel was
chartered by a national company. The vessel has been was closely monitored by observers
and VMS and fishing and biological data has been made available. Between 2000 and 2003,
annual landings were mostly around 1100 t range, attained a maximum of around 1400 t in
2003, and declined thereafter. Females accounted for around 70% of the biomass exploited
and most of the catches are composed of immature individuals. Spawning seems to be
localized both in space and time; in Brazil, ovigerous females were found concentrated at
depths shallower than 600 m, mostly from July to December (Pezzuto et al., 2006b).
Assessments based on the Effective Fishing Area Method (Defeo et al., 1991; Arena et al.,
1994) and Gulland’s Formula (Pezzuto et al., 2002) for the “Brazilian” part of the stock
(33°00’S and 34°40’S) (there is also a fishery in adjacent Uruguayan waters) estimated
virgin biomass and MSY at 17,118 t (16,454‐17,779 CI95%) and 1,027 t, respectively (Table
2.).By the end of 2005, the stock biomass, as indicated by commercial catch‐rates, was
reduced to nearly 60% of its original levels (Pezzuto et al., 2006a).

Royal crab (Chaceon ramosae)
The fishery for this species started in 2001 and soon expanded to a fleet of up to eight
foreign processor vessels chartered by national companies. The species was also the most
abundant and valuable bycatch item of several chartered gillnetters and trawlers that
targeted other deep‐sea resources such as monkfish and aristeid shrimps (Perez &

Wahrlich, 2005; Pezzuto et al. 2006c). Males predominated in catches and ovigerous
females were concentrated in areas shallower than 700 m from January to June (Pezzuto et
al., 2006b). More than 50% of the males and females caught were sexually immature
(Pezzuto & Sant’Ana, 2009).
In the first year of exploitation, catches amounted to around 600 t and this increased to
around 1200 t in 2002. Using the same methodology as for red crab, stock biomass and
MSY were estimated in 2002 to be 11,636 ton (11,272‐12,008 t CI 95%) and 594 t,
respectively (Pezzuto et al., 2002, 2006a). Catches declined in 2005 and 2006 as a direct
response to lower catch rates and successive reductions in the number of vessels in the
fishery (Pezzuto et al., 2006b).
Scarlet shrimp (Aristaeopsis edwardsiana)
The scarlet shrimp (carabinero shrimp) is an aristeid shrimp distributed in slope areas
worldwide. This is a high‐valued species that has been commercially exploited by trawl
fisheries at low latitudes of both the East and West Atlantic (Dallagnolo et al., 2009). Off
Brazil, it has been the main target of the lower slope trawl fishery phase conducted by
chartered vessels since 2003 (Pezzuto et al, 2006c; Perez et al., 2009a). The main
concentrations have been exploited in the southeastern sector, between 22 and 26°S at
depths of between 700 to 750 m. After 2004, fishing continued within these depths but
expanded latitudinally to areas in the central and southern sectors of the Brazilian coast.
Concentrations were also identified in northern Brazil, off the coast of Amapá State, where
fishing was mostly exploratory (Pezzuto et al, 2006c; Perez et al., 2009a).
The catch size‐structure is dominated by females and includes around 20% of immature
individuals (Anon, 2007). Males are smaller than females (maximum carapace length 72
mm and 106 mm, respectively). Sexual maturity is reached at 60 mm and 48 mm carapace
length in males and females. The reproductive cycle is annual, with most spawning
activity in the second half of the year.
Annual catches increased from 13 t in 2002 to a maximum of 183 t in 2005, declining to 20 t
in 2007. Using of commercial catch rate data and swept area procedures, a total exploitable
biomass of 865 t was estimated within the fishing areas south of 19°S in 2002. This biomass,
regarded as virgin, was reduced by around 45% by 2007 due to an intense trawling effort
concentrated on spatially discrete fishing grounds (Dallagnolo, 2008). Considerations of
the species’ life‐history (Kirkwood et al., 1994) allowed the definition of an MSY of around
6% of the virginal biomass or approximately 2.5 ton. Taking the total biomass at MSY as a
limit reference point, it was concluded that the recent state of the scarlet shrimp stock was
biologically ‘unsafe’.

Giant red shrimp (Aristaeomorpha foliacea)
The giant red shrimp (moruno shrimp) was the second most abundant aristeid shrimp
caught by chartered trawlers on the lower slope off Brazil (Pezzuto et al., 2006c). Catches
were generally associated with the chartered trawling activity directed at the larger, more
abundant scarlet shrimp. Nevertheless, the species was found to dominate catches in
particular fishing grounds of the southeastern and central sectors, principally in later years
as densities of scarlet shrimp decreased (Dallagnolo et al., 2009). Total giant red shrimp
catches increased continuously until 2005 and 2006, peaking at 43 and 52 t, respectively,

and then declining to 8 t in 2007. Maximum carapace length of males and females in
catches was 62 and 91 mm, respectively, with maturity attained at lengths of 46 and 29
mm. Reproduction was found to be continuous throughout the year. Immature individuals
have been rare in the catches (Anon, 2007).
Densities increased continuously on the slope off southeastern Brazil from 2002 to 2007, as
estimated by commercial catch rate analysis. In this sector, the mean exploitable biomass
peaked in 2007 at around 200 t (Dallagnolo, 2008). Off the central sector of the Brazilian
coast, a maximum of around 90 t of exploitable biomass was estimated in 2006, declining
by around 45% in 2007, possibly in response to harvest rates as high as 22 and 54% in 2005
and 2006. MSY for the giant red shrimp was estimated to be 15‐19% and 17‐20% of the
exploitable biomass of females and males, respectively (Dallagnolo, 2008).
The abundance estimators, methods for stock assessment, reference points, and the status
of the major deep‐water stocks exploited in southeastern and southern Brazil are
summarised in Table 3.
Table 3. Abundance estimators, methods for stock assessment, reference points, and the status of the major
deep‐water stocks exploited in southeastern and southern Brazil. t: year, B0: virgin or initial biomass, C: catch,
Cref: catch in the year of reference, E: exploitation rate (modified from Perez et al, 2009b)
Stocks

Abundance
estimators/
indicators

Stock
assessment
methods

Reference points
(limits)

Stock
status

-

Ct/Cref;
CPUEt/CPUEref
(1)

-

Collapsed (1)

Aristaeopsis
Edwardsiana

Swept area,
GLM (2)

Kirkwood et al.,
2004 (2)

Bt/B0;
Bt/BMSY;
CPUEt/CPUE0;
CPUEt/CPUEMSY;
GLMt/GLM0;
GLMt/GLMMSY (2)

Overexploited (2)

Aristaeomorpha
foliacea

Swept area,
GLM (2)

Kirkwood et al.,
2004 (2)

Unknown

Chaceon
notialis

EFA, GLM,
CPUE
(3, 4)

Gulland’s
equation
(3)

Chaceon
ramosae

EFA, GLM,
CPUE
(3)

Gulland’s
equation
(3)

Bt/B0;
Bt/BMSY;
CPUEt/CPUE0;
CPUEt/CPUEMSY;
GLMt/GLM0;
GLMt/GLMMSY (2)
Bt/B0; Bt/BMSY;
CPU-Et/CPUE0;
CPU-Et/CPUEMSY;
GLMt/GLM0;
GLMt/GLMMSY (4)
Bt/B0; Bt/BRMS;
CPU-Et/CPUE0;
CPU-Et/CPUERMS;
GLMt/GLM0;
GLMt/GLMRMS (4)

Teleosts
Polyprion
americanus
Crustaceans

Fully exploited (13)

Fully exploited/
Overexploited (13)

1) Haimovici & Peres (2005), (2) Dalagnollo (2008), (3) Pezzuto et al. (2006a), (4) Pezzuto et al.
(2006b).

Bycatch species
The detailed recording of catch compositions by observers on board chartered vessels has
provided opportunities to assess the impact of deep‐water fishing on the slope ecosystems
of Brazil. The most comprehensive study to date has focused on a qualitative and
quantitative bycatch analysis of the chartered gillnet fishery for monkfish during 2001
(Perez & Wahrlich, 2005). Absolute catches in numbers of non‐targeted species were
estimated for the entire chartered gillnet fleet in 2001 through their observed mean catch
rates (individuals per sampled net). These bycatches included the royal crab and spider
crabs, elasmobranchs, principally the angel shark and various skates; teleosts, the
beardfish, silvery John dory, Brazilian codling, Argentine hake, wreckfish; and turtle,
cetacean, and bird species. Indirect mortality impacts tended to be higher in mobile bottom
dwellers but bycatch abundances decreased and their basic composition changed
southwards, where large teleosts, elasmobranchs, cetaceans, and birds were dominant over
the small teleosts, crustaceans, and other invertebrates that characterized the bycatch
composition in the northern area. Non‐intentional mortality inflicted by bottom gillnets on
large K‐strategists (wreckfish, sharks, rays, turtles, cetaceans, birds) was regarded as
critical, although highly correlated with operations in the southernmost areas of the
Brazilian EEZ, where these groups tend to concentrate.
Assessments of the gillnet fishery and other fisheries (including cephalopods and other
invertebrates) have been mostly qualitative (Perez et al., 2004, Bastos, 2004). A total of 185
macro and mega invertebrates as well as sponges, cnidarians, annelids, crustaceans,
molluscs, and echinoderms were recorded. Considering the length of the pot (9 km) and
gillnet (20 km) lines used during each fishing set, it has been argued that their impact on
benthic fauna may not be as unimportant as previously thought. Previously, closer
attention has been paid the impact of the trawling fishery directed at aristeid shrimps on
the lower slope because his fishery produces diverse bycatch of truly deep‐water
benthopelagic fishes and removes deep‐sea corals, particularly where they form slope and
seamount reef formations (Pires, 2007).

Fisheries management
Until 1998, fishing management and control were responsibilities of the Ministry of the
Environment (MMA), which was based on an almost 40‐year‐old coastal fishing‐oriented
management model. In 1999, due to political pressure from the fishing industry interested
in a more “development than environmentally‐oriented philosophy”, a second
management authority was created under the Ministry of Agriculture and Livestock
(DPA/MAPA) with a mandate to develop and manage aquaculture and the economic
exploitation of those stocks defined as “sub‐exploited, unexploited, and highly migratory”.

The REVIZEE program was led by the MMA and the focus was mostly to estimate fishing
potential as required by UNCLOS. Brazil had requested a 200 miles EEZ but needed to
demonstrate knowledge about the resources of that area. The deep‐water fishery in Brazil
was developed by means of an independent short‐term chartering program launched by
DPA. This allowed national and overseas fishing companies to associate and operate
foreign deep‐water vessels under temporary fishing authorizations. The explicit objectives
of the chartering program were:

(i)
(ii)
(iii)
(iv)

to enhance the fish supply in the domestic market and to generate foreign currency;
to improve competence and promote employment in the national fishing industry;
to occupy rationally and sustainably the Brazilian EEZ;
to stimulate the formation of a national fleet capable of operating in deep‐waters and
utilizing equipment that incorporates modern technology;
(v) to expand and consolidate fishing enterprises;
(vi) to generate knowledge on living resources of the continental shelf and EEZ; and
(vii) to sustainably exploit fishing resources on the high‐seas.

This strategy led to the rapid development of foreign fleets targeting new, valuable, fragile
deep‐water resources (Perez et al., 2002a, 2003, 2009a; Pezzuto et al. 2006a, 2006c), in some
cases, paralleled by an expansion of coastal domestic fleets to the same areas and resources
(e.g. Perez & Pezzuto, 2006). Not only did fishing effort dramatically increase on virgin
stocks for which the fishing potential was virtually unknown, but this process also
stimulated conflicts between fleets and resulted in, within most of the national fishing
industry, a disregard for fishing authorities and fisheries management plans.
Concerns about the sustainability of the target species as well as environmental, social,
economic, and political impacts of such an uncontrolled scenario led to the creation in 2002
of the Consultant Committee for the Management of Deep‐water Resources (CPG). This
Committee comprises delegates of the fishing sector (ship‐owners, fisherman, and fishing
industry workers), representatives of governmental agencies, an Executive Secretariat and
members of Scientific and Compliance Subcommittees (SCC and SC, respectively). The
SCC produces the bulk of data and recommendations to be discussed and approved at the
regular CPG meetings. Management plans and other recommendations from the CPG have
consultant power only, as the final decision to implement is under the jurisdiction of the
Secretariat. Perez et al (2009b) report that despite representing significant progress towards
a more rational management process, the CPG experience has not yet been totally
successful. Fishing development and its negative impacts have occurred more rapidly than
the Government Secretariat (challenged by political and institutional pressures) has been
able to deal with. They cite the upper slope monkfish fishery as an example of the
monitoring and management problems encountered.
Following the rapid start of the monkfish fishery in the late 1990s, biological, technical and
operational data were collected intensively during 2001. A complete stock assessment and
management recommendations were first made available to government and industry in
April 2002 (Perez et al., 2002b). Scientific results and recommendations were subsequently
analyzed and improved during SCC meetings in 2002. Meetings of a special working
group formed by the SCC, government, and industry members produced the first version
of the monkfish management plan.
A new government body (the Special Secretariat for Aquaculture and Fishing) decided to
reopen the debate on the monkfish fishery in 2003, considering not only the new
institutional and political circumstances (a change in elected government), but also the
strong opposition by the part of the industry interested in a more free‐access regime to the
fishery. A new version of the management plan was discussed and approved but was not
implemented. After more than four years of uncontrolled exploitation, in May 2004, the
stock was declared to be overexploited. In 2005, SCC decided to adopt a strong political

stance demanding legal intervention in the process in order to ensure the sustainability of
the stock. As a consequence, the monkfish management plan was introduced (Table 4).
Since then enforcement of management rules has been poor and subsequent biomass
assessments have not shown any signs of recovery.
Table 4. Management elements of the deep‐water fisheries in southeastern and southern Brazil. Logbooks and
VMS: 100% coverage. Observers: 100% cover‐age. Exceptions are indicated in specific cases (from Perez et al,
2009b)

The management of other deep‐water resources such as geryonid crabs, aristeid shrimps,
and demersal fishes has faced the same difficulties, with negative consequences for the
sustainability of the respective stocks.

Discussion and conclusions
The development of the Brazilian deep‐water fishery is a useful case study from which
much can be learned by the DEEPFISHMAN Project regarding the development of
monitoring and management Frameworks for deep‐water fisheries/stocks in the NE
Atlantic. When the chartering program commenced the goal of a new sustainable, well‐
monitored and managed deep‐water fishery appeared to be achievable. The fishery was
relatively small‐scale in terms of the number of vessels participating, all vessels were
monitored by VMS and there was 100% observer coverage. Moreover, there was a
comprehensive scientific monitoring regime in place comprising comprehensive biological
sampling and regular stock assessments. However, Perez et al (2009b) noted:‐

“Despite intensive data collection, the availability of timely stock assessments, and a formal
participatory process for the discussion of management plans, deep‐water stocks are already
considered to be overexploited due to limitations of governance”
Undoubtedly, the time lag between the provision of scientific advice and the implication of
management plans has been a major driver of over‐exploitation. Fisheries for some species
e.g. shrimp species, lacked a management plan even in 2009, although these are under
development. This scenario echoes that in the NE Atlantic where despite repeated strong
advice from ICES for almost a decade, deep‐water fisheries were unregulated until 2003.
Although there is much to commend in the content of the Management Plans introduced,
there are number of important features which could be construed as possible weaknesses
(and therefore practices we may wish to avoid in the frameworks for the NE Atlantic):‐
 Management plans have not been imposed on all fisheries e.g. bottom longline
fisheries.
 There are no minimum landing size restrictions for most of the species fished (except for
species taken by bottom longline), even though mesh size restrictions are place.
 Encounter protocols are not in place for vulnerable marine ecosystems (VMEs) and
protected, endangered and threatened (PET) species. However, all fisheries need to
comply with an endangered species law.
 Crucially, harvest control rules (HCRs) are not in place and this can adversely impact on
management when there is conflict of interest between conservation, socio‐economic,
stakeholder interests.
There may also have been a number of monitoring/biological issues which may have
impacted adversely on the sustainability of these fisheries. These are:‐
 Overestimation of MSY levels
 Although the REVIZEE provided fisheries‐independent extimates of initial biomass,
subsequent assessments relied largely on abundance indices from commercial vessels
(with all the inherent problems of adjusting for spatial, temporal, fishing power and
technological creep effects (the latter can be particularly important in new and
developing fisheries)).
 Relatively short time‐series abundance and length frequency data
 Little information on stock identity, stock distribution and immigration/emigration.
Given the above management, monitoring and biological concerns and related uncertainty
there would appear to have been a strong case on commencement of the fisheries for
invoking the Precautionary Approach and the application of precautionary TACs/effort
limits set at very low levels. These levels would have remained low until it was reliably
demonstrated that higher levels of exploitation were sustainable. However, this approach
would have been in conflict with the socio‐economic (and possibly political) objectives of
the chartering program which was to accelerate the development of deep‐water fisheries.
Such objectives are very laudable either to develop new fisheries or to preserve existing
small‐scale artisanal fisheries, however there may be an argument for deep‐water fisheries
(where there is high uncertainty regarding estimates of virgin biomass, MSY, current
biomass, current level of exploitation, a paucity of information on stock identity and

migration and limited fisheries‐independent monitoring) for socio‐economic
considerations to have a lower weighting in the management and governance process.
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