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ABSTRACT

The investigation of bathymetric distribution of five snappers caught along the Brazilian Northeastern coast by
artisanal fleets through the analysis of the catch composition and relative abundance (CPUE)  showed that, on the
overall, fished mean size increased along depth and that particular species dominated the catch according to the
depth strata.  Mutton snapper, L. analis, yellowtail snapper, L. chrysurus, and dog snapper, L. jocu were mainly
caught at intermediate depth (20-80m) whereas lane snapper, L. synagris, and silk snapper, L. vivanus, inhabit
respectively shallow (<20m) and deep (>80 m) waters. Each fleet category exploited preferentially a particular
combination of species and their size range.  The fleet dynamic of the Northeast Brazil is technologically
heterogeneous and determines the catch composition.  Geographical distribution of the fishery and technical
interaction between fleets and gears should be considered by the management of these species in order to maintain
the sustainability of the stock and to guarantee the continuance of the resource.

Key words: Fish distribution, technological interaction, artisanal fishery, Lutjanids, reefs

                                                  
* Author for correspondence

INTRODUCTION

The abundance of marine species fluctuates in
space and time.  Such fluctuations may be due to
physical (currents, temperature, etc.), or biological
processes (as growth and mortali ty) as well as
behavioural processes (migration, habitat use)
(Jennings et al., 2001).  Various studies have been
conducted on spatial and/or temporal distribution
of reef fish communities, as size dependent
processes have long been recognised as important
for the community structure and resources (Sale,
1980; Gobert, 1994).

Fishes are an important component of reef
environment as they influence the structure of the
communities through predation, competition, and
territoriality processes (Sale, 1980).  The
complexity of the interaction on the reef
ecosystem turns study on fishing effect rather
difficult (Jennings and Polunin, 1995; Polunin and
Roberts, 1996).  In Brazil , various species are
exploited by fishermen mostly using hook and
line, gil l nets and traps.  Reef fisheries, which
operate mainly in the northeastern, have an
important role in the socio-economic life of the
region (Ferreira and Maida, 2001).  However, very
li ttle is known on the fisheries dynamics operating
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in this area and their effects on reef fish
communities.
It is rather common to observe size distribution
according to depth for reef fishes (MacPherson
and Duarte, 1991; Hilborn and Walters, 1992).
Considering the fishery activity, a common pattern
observed for target species is the increase of the
number of large specimens in the catches with
increasing depth (Roberts, 1996).  This pattern has
been attributed to two main natural processes:
ontogenetic migrations from coastal reefs to the
external part of the shelf or depth related growth
and mortali ty rates. While migration may be
related to availabil ity of suitable prey for juvenile
fish or predation avoidance (Roberts, 1996),
differential growth and mortali ty may be related to
environmental factors. Temperature variation
according to the depth gradient leads to variation
in basal metabolism rates and therefore may alter
the growth rate (Longhurst and Pauly, 1987).
Determining the natural pattern of distribution is
specially important for species that are targeted by
fisheries, as the effects of fishing in a population
may also be extended to population parameters.
Coral reef formations in Brazil extend for
approximately 3000 km along the Northeastern
coast (Maida and Ferreira, 1997).  They are
constituted by organic substrates buil t with coral,
algae and mollusc skeletons.  The continental shelf
varies from 45 to 60 km wide in Ceará and Rio
Grande do Norte, then becomes relatively narrow
in Pernambuco coasts, to wide again in the south
of Bahia, reaching 200 km (Maida and Ferreira,
1997).  Brazilian reef fishes are intensively
exploited by artisanal fisheries that concentrate on
the reef formations distributed along the
continental shelf up to the continental slope and
over oceanic banks (Ferreira et al., 1998; Ferreira
and Maida, 2001).
In the Northeast Brazil , reef fishes represent 46 %
(of which lutjanids represent 20%) of the total
catch of the main target species in weight (total
catch: 26171 tonnes).  The 54% remaining is
constituted by the pelagic and the deep-sea
demersal fauna (Estatpesca, 2000).  During the end
of the 60’s, the 70’s, 80’s, 90’s and the beginning
of 2000’s, lutjanids’ catches in the Northeast
Brazil ranged between 34%, 11341 tonnes during
the 60’s, and 43%, 77422 tonnes during the 80’s.
During the 60´s and 70´s, the most valuable and
most frequently caught species in Northeast Brazil
were the red snapper, Lutjanus purpureus (Poey
1866), and in minor proportions, L. analis (Cuvier,

1828).  From 1978 with the collapse of the red
snapper fishery, others species as L. jocu (Bloch
and Schneider, 1801), L. chrysurus (Bloch, 1791),
and more recently, L. synagris (Linnaeus, 1758),
constitute the major part of the lutjanids catch in
Northeast Brazil (65%) (SUDEPE, 1967-1979;
IBGE, 1980-1989; IBAMA, 190-2001)1.
According to Ferreira et al. (2001), fisheries in
Brazilian reefs may be divided into two types.
First, the activity of recreational and artisanal scale
fishermen occurs nearby the coast in shallow
waters and reefs formations.  Fishing point may be
reached by swimming or using rowing or sail ing
canoes.  Secondly, the medium scale commercial
fisheries that operates by the coastal part of the
shelf, using sailing or motorised boats that reach
deeper waters as far as the shelf break.  Only
motorised boats, that may operate also on the
banks far from the coast, have storing capacity
(Ferreira and Maida, 2001).  Along the
Northeastern coast, snappers represent one of the
main resources in terms of abundance and
fishermen´s income (Santos, 2001).  Generally
demersal, the snappers are tropical and sub
tropical fishes that are distributed on reefs down to
depths about 450 m (Allen, 1985; Polovina and
Ralston, 1987).  Top predators, they consume a
broad range of prey generally dominated by fish.
They show low growth and natural mortali ty rates
(Manooch, 1987).  Snappers produce eggs with
pelagic dispersion (Grimes, 1987).
Our study focused on five species of Lutjanus,
which inhabited coastal to deep demersal waters.
The main species caught by the artisanal fishery in
Northeast of Brazil were considered: the mutton
snapper L. analis, the yellowtail snapper L.
chrysurus, the dog snapper L. jocu, the lane
snapper L. synagris and the silk snapper L. vivanus
(Cuvier, 1828).  The distribution and relative
abundance of these species along a depth gradient,
across the Northeast Brazil continental shelf and
upper slope was described.  The effects of the reef
fishery on distribution, size of fish and CPUE of
snappers considering the relationship between the
species distribution and the dynamics of the fleets
(gear used, fleet category and operating area) were
also discussed.

                                                  
1 Brazili an fisheries statistic: Superintendência do Desenvolvimento
da Pesca (SUDEPE), 1967-1979; Instituto Brasileiro de Geografia e
Estatística (IBGE), 1980-1989; Instituto Brasileiro do Meio Ambiente
e dos Recursos Naturais Renováveis IBAMA, 1990-2001.
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MATERIALS AND METHODS

Study site and data collection
Most of the data for this study were collected as
part of a national programme called REVIZEE
(Evaluation of the Potential of the Live Resources
from Brazilian Exclusive Economic Zone), which
was established in 1996 in order to provide
information on the biology and fishery of its main
resources.  Another programme “Projeto Recifes
Costeiros” complemented the dataset available
on the artisanal fishery in Pernambuco. A
comparative analysis was applied to the reef
fisheries distributed over 2000 km of coast
encompassing five Brazilian states (Ceará, Rio
Grande do Norte, Pernambuco, Alagoas and
Bahia) through a five-year sampling programme.
It was gathered information regarding the fishing
tactics (fishing area, gear used, target groups, etc)

and catch composition of fleet operating in the
region.
Data were collected from August 1996 to March
2000.  Species were identified and measured in
situ (fork length FL).  The landings sites were
chosen in order to get a representative picture of
the catch composition in the region.  Sites were
localised over the five states cited above.  In
addition, some data were collected from research
vessels that operated on the banks and oceanic
islands (Atol das Rocas and Arquipélago de São
Pedro e São Paulo) off the Rio Grande do Norte
coast.
Fishermen were interviewed and information
regarding the operation within the fishery and
catch were collected.  Within the REVIZEE
framework, more than 69 000 records of fishes
supplied by 2400 trips were gathered.  For this
study, nearly 22 000 fishes, which had information
on depth, were considered amongst the 5 species
of Lutjanus (Table 1).

Table 1 - Number of four lutjanid species sampled from August 1996 to March 2000 with information on depth by
states.

S p e c i e s C e a r á
R i o  G r a n d e

 d o  N o r t e
P e r n a m b u c o A l a g o a s B a h i a T o t a l

L .  a n a l i s 3 9 2 1 7 8 9 7 7 1 0 3 1 3 2 0 29 7 0
L .  c h r y su r u s 2 5 7 8 40 0 1 0 9 2 93 5 6 1 8 97 8 1
L .  j o c u 7 5 0 7 9 3 9 4 1 4 2 9 8 9 2 3 5 4
L .  sy n a g r i s 2 2 7 1 53 4 1 7 7 0 13 4 8 9 5 0 7 7
L .  v i v a n u s 1 3 0 2 5 2 1 8 3 4 2 1 0 9 0 16 9 7
T o t a l 6 1 2 1 14 4 3 44 1 6 39 3 9 5 0 6 21 8 7 9

Information on specific landings and effort
(number of boats) by fleet category were collected
for the studied period by the program
‘ESTATPESCA’ held by the Brazilian
Environmental Agency for official statistics
(IBAMA, Instituto Brasileiro do Meio Ambiente e
dos Recursos Naturais Renovaveis).  The reef
fishery can be distributed into five categories of
fleets classified as following, from the most
rudimental to the most technically advanced fleet:
“Paquete” (PQT), “Jangada” (JAN), “Bote a vela”
(BOV), “Bote” (BOT), “Bote motorizado” (BOM)
(see Table 2 for details).  In addition, historical
landings were compiled for the period from 1967
to 2001 by various governmental organisations:
the Brazilian Institute for Geography and Statistics
(IBGE, Instituto Brasileiro de Geografia e
Estatística), the Research Centre for Northeastern
Fisheries (CEPENE, Centro de Pesquisa e
Extensão Pesqueira do Nordeste), and the

Superintendence for the Fishing Development
(SUDEPE, Superintendência para o
Desenvolvimento da Pesca).

Data analysis
The relationship between depth and fish size was
assessed by correlation and regression analyses.
The correlation analysis was used to test the
statistical significance of the relationship for each
species.  The correlation between depth and size
was determined for all species using non-
parametric Spearman’s rank correlation
coefficient.  The regression analysis was
performed using the Kendall's robust line-fit
method (Sokal and Rohlf, 1995).  Kendall's rank
correlation was used in order to test whether the����� ��� ��	 �
�� ������ �
� ����	��� �	�� ��	��
Catches were analysed by gear, which were
arranged amongst the following categories: line,
net and trap.  Minimum, maximum and average
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values of fish size were analysed by gear in order
to describe the gear effects on the life history of
the species.  For each species, catches were also
analysed by sampled year and fleet category.
Catch-per-unit-effort (CPUE) was used as an
index of relative abundance.  The catch was
defined in two different ways: (1) by using total
weight (kg) caught by species and (2) by using
number of individuals caught.  Furthermore, in
order to standardise the effort between gears, the
time (days) spent at sea for each trip was chosen as
the best estimate.  In spite of the roughness of the
unit of effort, catch and effort for each species

were positively correlated (Spearman’s correlation
r = 0.5, p < 0.001).  The CPUE analysis was
carried out by species considering the following
depth strata: < 20m (inner shelf), 20 to 80m (outer
shelf), and >80m (slope) (Mabesoone and
Coutinho, 1970).  The Kruskal and Wallis non-
parametric test was used to test the differences of
the CPUE index between depth strata as well as
differences between fleet categories.  We also
looked at CPUE versus depth strata relationship
using Spearman’s rank correlation analysis.

Table 2 - Fleet category description.

Fleet type Code
Depth range (m)

25% - median - 75%
Description

Paquete PQT 8  -  12  -  24
Sail , wood-made, flat shell without keel nor cabin
Size<6m, no storing capacity

Jangada JAN 14  -  30  -  42
Sail , wood-made, flat shell without keel nor cabin
 storing capacity (isotherm box)

Bote à vela BOV 43  -  73.5  -  96
Sail , cabin,  storing capacity size<15m
storing capacity, ice

Bote motorizado BOM 41  -  52.5  -  93
Motorised, cabin, storing capacity size<15m
storing capacity, ice

Bote BOT 82  -  93  -  115
Sail and motor faciliti es, cabin, storing capacity size<15m
storing capacity, ice

All five species showed a positive and significant
correlation between the fork length and the depth
(Table 3). Considering all gears pooled together,
the fish size caught ranged for snappers from 7.5
to 103.0 cm FL.  Although the mean fork length
represented in the Figure 1 did not highlight a
clear pattern, regression analysis performed on
fork length along the studied period determined
that three species presented a decreseasing trend,
L. synagris (β=-0.1, p<0.001), L. analis (β=-0.11,
p<0.001), L. vivanus (β=-0.17, p<0.001) whereas
L. chrysurus showed a significant increasing trend
(β=0.25, p<0.01). L. jocu did not present a
significant pattern.
Line fishery caught snappers from 7.5 to 99 cm
FL, while nets caught individuals from 13 to 85
cm FL and traps caught individuals from 16 to 103
cm FL. Analysing the catch composition by
species, every gear affected almost the entire size
range of the snapper populations; however, traps
were found the most selective for L. chrysurus and
L. vivanus (Fig 2).  The fork length of snappers
caught by all the three gears increased according

to depth until a maximum at 60 m (Table 4).  The
operating depth range was deeper for line and
shallower for net and traps (Table 5a). Paired gear
groups were tested using the Mann-Whitney U
procedure.
Line depth operation was significantly different
from Net and Trap (p<0.001), while no difference
could be distinguished between Net and traps.
Lines, nets and traps caught, in average,
individuals of similar size range for all species.
Fishermen using hook and line operated
preferentiall y between 40 and 60 m.  Users of net
occurred rather equally through the depth gradient
with a peak between 0 and 20 m and, traps were
set up preferentially within the 20-40 m (5b).
Largest specimens of each species were caught at
deeper limits of the species range.  As a general
pattern, small individuals were exclusive to
shallow waters and larger ones to deeper waters;
an intermediate zone presented a mixed sized
fishes (Fig 3).
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Figure 1 -  Mean size (cm) of each species exploited along the Northeastern coast during the
studied period. Bars indicate standard errors of means.
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Figure 2 -  Mean size (cm) of the five main snapper species caught by the three main gear
categories (Line, Net and Trap). Bars indicate full range.
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Table 3 - ���������� ���	 
��������� 
�����
���� ��� ��� ��� ��������
 ���������� ����� ��� ������ ���� ���
fish size, n is the number of specimen measured for each species.
S p e c i e s r p - l e v e l n � p - l e v e l

L .  a n a l i s 0 , 4 0 p < 0 . 0 0 1 3 52 6 0 , 2 1 7 p < 0 . 0 0 1

L .  c h r y s u r u s 0 , 2 9 p < 0 . 0 0 1 9 95 7 0 , 0 7 1 p < 0 . 0 0 1
L .  j o c u 0 , 1 8 p < 0 . 0 0 1 2 52 1 0 , 0 8 9 p < 0 . 0 0 1
L .  s y n a g r i s 0 , 3 5 p < 0 . 0 0 1 5 13 6 0 , 1 3 8 p < 0 . 0 0 1
L .  v i v a n u s 0 , 1 3 p < 0 . 0 0 1 1 71 9 0 , 0 2 3 p < 0 . 0 0 1

Table 4 - Mean fork length of the five snappers (L. analis, L. chrysurus, L. jocu, L. synagris, L. vivanus) by gear and
depth layer.

D e p t h  ( m ) L i n e N e t T r a p A l l
0 - 2 0 2 3 . 4 2 2 . 1 2 7 . 3 2 3 . 1

2 0 - 4 0 3 2 . 2 3 0 . 7 3 0 . 9 3 1 . 9
4 0 - 6 0 4 0 . 2 3 7 . 6 4 5 . 4 3 9 . 8
6 0 - 8 0 3 9 . 2 4 2 . 0 4 0 . 7 3 9 . 5
> 8 0 3 9 . 8 3 7 . 8 3 8 . 2 3 9 . 3

Table 5 - (5a) Median and quartile of depth of operation for each gear.  (5b) Proportion (%) of gear used by depth
layers.
(5a)

G e a r
Q u a r t i l e  

2 5 %
M e d i a n

Q u a r t i l e  
7 5 %

L i n e 2 7 4 3 . 5 6 3
N e t 1 2 . 6 3 4 5 2 . 5
T r a p 2 7 3 6 4 4 . 3

(5b)
D e p t h  ( m ) L i n e N e t T r a p A l l
0 - 2 0 2 5 . 1 4 0 . 3 2 4 . 6 2 8 . 1
2 0 - 4 0 2 1 . 1 2 0 . 7 3 5 . 4 2 1 . 7
4 0 - 6 0 2 5 . 3 2 1 . 0 2 3 . 1 2 4 . 4
6 0 - 8 0 6 . 7 3 . 9 1 . 5 5 . 9
> 8 0 2 1 . 8 1 4 . 1 1 5 . 4 1 9 . 9
T o t a l 1 0 0 1 0 0 1 0 0 1 0 0

Catch per unit of effort (CPUE) versus depth
relationship
Although snappers have a wide range of
distribution, differences between species were
detected.  The maximum relative abundance
(numerical and biomass CPUE) of the Lutjanus
species varied according to depth.  L. synagris and
L. vivanus were more abundant at the extremes of
the snappers distribution range: shallower and
deeper waters respectively.  The three other
species (L. analis, L. chrysurus, and L. jocu)
showed a smoother distribution with a maximum

abundance reported in the 20 – 80 m depth strata -
outer shelf part (Table 6a and 6b).  The
relationship between the numerical CPUE
(individuals caught per day at sea) and the depth
was negatively correlated for L. synagris, L. jocu,
L. chrysurus, and L. analis.  L. vivanus presented a
non-significant positive relationship (Table 7a),
while the relationship between the depth and the
CPUE in kg per day at sea was negative for L.
synagris, positive for L. analis and L. vivanus, and
non significant for L. chrysurus and L. jocu (Table
7b).
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Figure 3 - Size distribution (cm) of the five Lutjanus species (FL= fork length) according to the
depth in the studied area.

Fleets mostly operated between 40 and 60 m (25%
of the total number of trips)(Table 8), where the
major part of Lutjanids stocks are located,
affecting mainly the adults of L. analis and L. jocu
(> 30 cm FL) and, both juveniles (< 23 cm FL)

and adults of L. chrysurus (Fig 3).  The depth
stratum 20-40 m concentrated 20% of trips, which
influenced young adults (> 30 cm) of L. jocu, and
both juveniles and young adults of L. synagris and
L. chrysurus.

Table 6 - (6a) Mean biomass CPUE (kg/time at sea) by species and depth strata.  (6b) Mean numerical CPUE
(Number of individuals/time at sea) by species and depth strata.
(6a)
D ep t h L .  a n al i s L .  c h r y su r u s L .  j o c u L .  sy n a g r i s L .  v i v a n us A l l

< 2 0 1 .6 3 .5 1 .2 6 .5 - - 6 .0
2 0 - 8 0 2 .1 8 .5 2 .1 5 .3 2 .8 1 0 .8
> 8 0 1 .2 8 .0 1 .1 1 .7 3 .9 6 .9

(6b)
D e p t h L .  a n a l i s L .  c h r y s u r u s L .  j o c u L .  sy n a g r i s L .  v i v a n u s A l l
< 2 0 1 . 0 0 . 5 0 . 3 1 . 8 - - 1 . 7
2 0 - 8 0 9 . 6 4 . 8 5 . 2 1 . 4 1 . 4 1 2 . 6
> 8 0 4 . 6 5 . 1 3 . 6 0 . 5 2 . 2 8 . 6
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Table 7 - Spearman’s rank correlation coefficients, probabilit y and sample size (n) of the relationship between depth
and CPUE (bold and underlined coefficients are significant at 5%).  (7a) numerical CPUE, (7b) biomass CPUE.
(7a)

S p e c i e s r p - l e v e l n
A l l - 0 . 0 6 0 . 0 2 9 1 2 2 7
L .  a n a l i s - 0 . 1 9 < 0 . 0 0 1 5 9 7
L .  c h r y s u r u s - 0 . 1 6 < 0 . 0 0 1 5 6 7
L .  j o c u - 0 . 2 7 < 0 . 0 0 1 5 1 8
L .  s y n a g r i s - 0 . 2 7 < 0 . 0 0 1 6 1 4
L .  v i v a n u s 0 . 1 3 0 . 1 5 3 1 3 2

(7b)
S p e c i e s r p - l e v e l n

A l l 0 . 4 5 < 0 . 0 0 1 1 2 2 4
L .  a n a l i s 0 . 0 9 0 . 0 2 5 5 9 4
L .  c h r y s u r u s 0 . 0 3 0 . 4 6 7 5 6 7
L .  j o c u - 0 . 0 5 0 . 2 8 4 5 1 8
L .  s y n a g r i s - 0 . 1 2 0 . 0 0 3 6 1 4
L .  v i v a n u s 0 . 2 1 0 . 0 1 8 1 3 2

Table 8 - Effort allocation. Proportion (%) of trips by depth layer by fleet category. PQT: ‘paquete’ , JAN: ‘ jangada’,
BOV: ‘sailing boat’ , BOT: ‘mixed propulsion’, BOM: ‘motorised boat’ Total n=1767 trips.

D e p t h P Q T J A N B O V B O T B O M T o t a l
0 - 2 0 1 3 . 5 1 1 . 7 0 . 1 0 . 1 1 . 8 2 7 . 2
2 0 - 4 0 1 . 8 8 . 1 0 . 6 - - 9 . 8 2 0 . 4
4 0 - 6 0 0 . 3 5 . 8 0 . 5 0 . 1 1 8 . 4 2 5 . 1
6 0 - 8 0 0 . 2 1 . 7 0 . 7 0 . 2 3 . 1 5 . 8
> 8 0 - - 0 . 7 1 . 5 1 . 4 1 7 . 9 2 1 . 6
T o t a l 1 5 . 8 2 8 . 1 3 . 4 1 . 8 5 1 . 0 1 0 0

Fleet interactions and catch composition of
Lutjanus species by fleet
Motorised boats “Botes Motorizados” (BOM) and
wind motioned “ jangadas” (JAN) were the most
important fleet categories with respectively 28%
and 51% of the total number of trips during the
studied period along the northeastern coast (Table
8).  Motorised boats operated mostly from 20 m
towards offshore (over 80 m deep) whilst
“ jangadas” fished from the coast up to 60 m deep.
Sail ing boats (BOV) and mixed boats (BOT)
represented 5% of the total number of trips with an
operation range mostly above 80 m.  “Paquetes”
represented 15% of the total number of trips and
operated mainly from the coast up to 20 m deep.
The snappers’ catch composition (Table 9) showed
that motorised boats (BOM) fished on the five
studied species.  However, L. synagris that
inhabited shallower waters, was less affected by
motorised boats but it was the main target of the

wind propelled “paquetes” and “ jangadas”.
Conversely, L. vivanus, which inhabited deeper
waters, was targeted almost exclusively by
motorised boats.  The remaining species were
caught by all categories.  As fishing activity was
greater at shallow (<20 m) and intermediate depth
(40 to 60 m), where rudimental fleet and more
advanced technologically fleets overlapped,
fishery in Northeast of Brazil affected mainly
species that inhabited preferably this depth layer
(L. analis, L. jocu and L. chrysurus).
Differences between relative abundance and fleet
category were significant for all species when the
biomass CPUE was considered and for three
species L. analis, L. jocu and L. synagris when
numerical CPUE was analysed (Table 10).  The
“ jangadas” (JAN) fleet category was the most
numerous fleet in activity along the northeastern
coast, from Ceará to Alagoas (53% of total
operating boats) (Table 11), followed by the
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motorised boats category (BOM) with 22.4% of
the total fleet.  However, although motorised boats
were less numerous, their fishing power was
greater than “ jangada’s” ones and, landings of
motorised boats (BOM) and “ jangadas” equally
represented 27% of the Lutjanus catches recorded
by the Brazilian official statistics during the period
from 1997 to 2001 (estatpesca).  Motorised boats
(BOM) and sail ing boats (BOV) showed the
greater yield considering the biomass, CPUE and
the numerical CPUE.  BOM yielded 13.7 and
BOV 9.6 kg / days spent at sea whilst “ jangadas”
yielded 6.1 kg/ days (Table 12a and 12b).

Trip duration, days spent at sea, was different
amongst fleet categories and states (Table 13).
While small fleets, “paquetes” and “ jangadas”,
spent at sea no more than two days, more
sophisticated fleets trip duration (BOM, BOV)
could spend 12 days at sea.  However there were
differences between the states.  “ Jangadas” from
Ceará and Rio Grande do Norte spent, on average,
two days at sea while, in Pernambuco, trip was
restricted to one day.  Motorised boats (BOM)
time at sea ranged from 1 - 2 days in Bahia to 4 - 5
days in Pernambuco, Alagoas and Rio Grande do
Norte.  In Ceará trips of Motorised boats (BOM)
lasted up to 13 days.

Table 9 - Proportion of the main fleet categories that exploit the five lutjanids species studied.
S p e c i e s B O M B O T B O V J A N P Q T

L .  a n a l i s 8 8 . 5 3 . 8 2 . 2 4 . 1 1 . 4
L .  c h r y s u r u s 9 1 . 4 0 . 3 1 . 1 6 . 7 0 . 5
L .  j o c u 8 1 . 7 1 . 9 0 . 6 1 5 . 5 0 . 3
L .  s y n a g r i s 4 9 . 0 0 . 2 8 . 2 2 7 . 8 1 4 . 8
L .  v i v a n u s 8 9 . 5 1 . 4 6 . 5 0 . 8 1 . 9
T o t a l 8 4 . 2 1 . 1 2 . 5 9 . 6 2 . 6

Table 10 - Kruskal-Walli s ANOVA by ranks between relative abundances by fleet category.  (ns):non significant
C P U E

( n b / t i m e  a t  s e a )

S p e c i e s n p p
L .  a n a l i s 5 9 4 < 0 . 0 0 1 < 0 . 0 0 1
L .  c h r y s u r u s 5 6 7 < 0 . 0 0 1 0 . 3 8 4  ( n s )
L .  j o c u 5 1 8 < 0 . 0 0 1 0 . 0 0 5
L .  s y n a g r i s 6 1 5 0 . 0 1 < 0 . 0 0 1
L .  v i v a n u s 1 3 2 0 . 0 2 0 . 2 7 9  ( n s )
A l l 1 2 2 4 < 0 . 0 0 1 < 0 . 0 0 1

B i o m a s s  
C P U E  

Table 11 - Proportion (%) of boats in activity, registered by the national fishery statistic program by state along the
Northeastern coast during the studied period.  Averaged total number of boats in activity along the studied period:
17000 boats.

F l e e t C e a r á
R i o  G r a n d e

 d o  N o r t e
P e r n a m b u c o A l a g o a s B a h i a

T o t a l
P Q T 1 1 . 2 4 - - - - 0 . 8 1 6
J A N 1 0 . 6 1 2 . 6 1 0 . 9 1 1 . 8 6 . 8 5 2 . 7
B O V 2 . 7 4 . 8 - - 1 0 . 3 8 . 8
B O M 5 6 . 1 5 3 3 . 3 2 2 . 4
T o t a l 2 9 . 5 2 7 . 5 1 5 . 9 1 5 . 8 1 1 . 2 1 0 0



Frédou, T. and Ferreira, B. P.

Brazilian Archives of Biology and Technology

796

Table 12 - Relative abundance, catch per unit of effort ((12a) numerical CPUE, (12b) biomass CPUE), by fleet
category for the five lutjanids species.
(12a)

F le e t L .  a n a l is L .  c h r y s u r u s L .  jo c u L .  s y n a g r is L .  v i v a n u s A l l
P Q T 1 . 4 4 . 1 1 . 1 5 . 7 - - 5 . 2
J A N 1 . 3 3 . 8 1 . 8 4 . 4 1 . 7 6 . 4
B O V 0 . 9 7 . 6 1 . 7 2 . 1 2 . 4 7 . 3
B O T 0 . 9 - - 0 . 9 - - - - 4 . 1
B O M 2 . 2 1 1 . 3 1 . 9 8 3 . 3 1 1 . 9

(12b)
F le e t L .  a n a l is L .  c h r y s u r u s L .  jo c u L .  s y n a g r i s L .  v iv a n u s A l l

P Q T 1 . 7 1 . 6 1 . 1 1 . 5 - - 1 . 8
J A N 7 . 0 1 . 6 4 . 6 1 . 3 1 . 4 6 . 1
B O V 2 . 4 5 . 5 6 . 3 1 . 6 1 . 9 9 . 6
B O T 2 . 2 - - 3 . 5 - - - - 4 . 8
B O M 8 . 9 6 . 8 4 . 8 2 . 0 1 . 7 1 3 . 7

Table 13 - Averaged time spent at sea (days/trips) by state and fleet category.

F l e e t C e a r á
R i o  G r a n d e  

d o  N o r t e
P e r n a m b u c o A l a g o a s B a h i a

P Q T 1 . 3 1 . 8 1 - - - -
J A N 2 . 2 2 . 3 1 - - - -
B O V 1 1 1 . 8 - - - - - -
B O T - - 2 . 9 - - - - - -
B O M 1 2 . 7 3 4 . 5 4 1 . 7

DISCUSSION

Patterns of the relationship between body size and
abundance in natural assemblage have been
documented for a number of animal taxa (Gaston
et al., 1993).  Also, in a fishery context an increase
of the number of large specimen with increasing
depth has been commonly observed (Roberts,
1996).  Our results indicated significant body size
versus depth relationship for each species.
Bathymetric distribution according to demersal
fish size has been already reported (Lukens, 1981;
MacPherson and Duarte, 1991).  The relationships,
examined in our study, showed a general trend
going towards a greater size with increasing depth,
which was also reported in other studies (Rooker,
1995; Machias et al., 1998; Rex and Etter, 1998).
However, the depth- body size relationship was
weaker at intermediate depths due to a spatial
overlap.  Indeed, when small i ndividuals were
exclusive to shallow waters and only large ones
were caught in deep waters, mixed catch of
medium and large fishes was reported at
intermediate depths.  This movement could be
related to feeding, and reproductive habits
(Uiblein, 1991; MacPherson, 1998; St-John, 1999;
Grutter, 2000; Carrasson and Matallanas, 2001).

Oliveira (2000) reported that maximum relative
abundance (CPUE) of teleosts species on the
external part of the shelf and the slope was
observed within the depth strata of 100 – 150 m.
In this study, the maximum abundance of four
Lutjanus species (L. vivanus did not present a
significant pattern) was negatively correlated with
the increasing depth, when numerical CPUE was
considered.  However, the relationship changed
when the biomass CPUE was considered.
Individuals were caught in greater number in
shallow waters but as most of them were small
sized fishes, the relationship between CPUE index,
considering weight, and depth showed a mixed
pattern.  Mean maximum relative abundance
varied, for each species, from the shallow water
layers with L. synagris to the deep water layers
with L. vivanus.  Several explanations have been
offered to describe this pattern, including
differential mortali ty or growth with depth or
migration to deeper water with increasing size
(Roberts, 1996).  Ecological characteristics of
shallow and deep waters may be responsible for
such distribution.  Shallow waters feature shelters
for younger fish, they, generally, have a higher
productivity and are inhabited by small preys that
are also targeted by young, small sized fish.
Alternatively, fishes that inhabit deep cool waters
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have their losses of energy reduced (Longhurst and
Pauly, 1987), which allows them to store more
energy so they are less susceptible to fluctuations
in food supply (scarcer in deep waters) (Sogard,
1997). The maximum length reported for the
Lutjanus species (L. analis: 94 cm FL, L.
chrysurus: 87 cm FL, L. jocu: 128 cm FL, L.
synagris: 60 cm FL, L. vivanus: 83 cm FL) (Allen,
1985) was similar to the maximum length
registered for the Northeast Brazilian catches.  For
all species, juveniles were also caught.  Hence, the
three main operating fishing gears (traps, lines and
gill nets) affected almost the entire range of the
life history of the Lutjanus species.  However,
gears caught fishes of similar size for all species.
In a multispecific perspective, the fleet/gear comes
into contact with stocks of different species, and a
mixed catch result due to the exploitation of
technologically interdependent species (Anderson,
1986).  In such a context, the technological
interactions is not only related to the selection of
part of the stock but also with the selection of the
species caught.  Considering the species
distribution and the multispecific nature of the reef
fishery in Northeast Brazil , fleet operation may
vary from shallow to deep waters depending,
amongst others factors (environmental conditions,
motorised or wind motioned boats, shelf width,
trade winds, etc), on the availabili ty of a typical
coastal species (as L. synagris) or a typical deeper-
water species (as L. vivanus).  Considering such
stratified distribution, fleets with different
operation capacities affect stocks on different
ways.
These differences may not necessarily be related to
gear (a boat in tropical fishery may carry more
than one gear) but also to the fleet power, which is
related to fleet category, and also to the state, due
to its environmental characteristics.  Fishing
grounds, i.e. shallow or deep waters, is reached
according to fleet power.  Factors as engine power,
carrying capacity, presence or absence of ice are
related to the distance to the shore and hence, the
time at sea.  Additionally, environmental
conditions such as wind, rain, currents, or the
continental shelf width may influence the access to
shallow or deep fishing grounds.
Our results highlighted the fact that technological
interactions, affected the catch composition and,
therefore, the fishing impact on snappers.  All
fleets categories mostly operated within the 40-60
m depth zone, what consequently affected mostly
L. analis, L. jocu and L. chrysurus.  Motorised

boats (BOM) affected mainly L. vivanus because
of its deeper waters fleet operation.  “ Jangadas”
and “paquetes” had as their main target L. synagris
since they operate in shallower waters.  Also,
climatic, oceanographic or geographic
characteristics as winds, currents or
geomorphology of the shelf may influence the
fleet operation and catch composition.  For
example, wind powered boats, “paquetes”,
“ jangadas” , sail ing boats (BOV) in Ceará had a
greater operating range, and therefore affect a
greater number of species, due to the dominant
winds (Trade winds) that allowed the vessel to
reach deeper waters.
Fleets are likely to exploit different stages of the
life cycle of a fish community while operating in
different geographical areas in simultaneous or
sequential harvesting (Charles and Reed, 1985).
Fisheries of the same fish community are linked
through their exploitation.  To maintain the
sustainability of the stock and to guarantee the
continuance of the resource, the optimal fleet mix
and catch allocation should be carefully
considered (Kulbicki et al., 2000; Labrosse et al.,
2000; Letourneur et al., 2000; Lucena et al., 2002).
The multifleet and multispecies nature of the
northeastern Brazilian fisheries has various
consequences in terms of resources management
and ecological issues.  In the study area, few
marine protected areas (MPA) have been created
along the coast as a part of a new management
alternative of reef ecosystems (Ferreira, 2000).
Some marine protected areas have been set parallel
nearby the coast, mainly because of logistical
reasons, i.e.  zone easily accessible and that can be
watched from the shore.  This setting would only
preserve part of the life cycle of some species,
excluding other species.  Due to the within and
between fish species spatial structure, the MPA
design will have consequences on its efficiency
(Kramer and Chapman, 1999).  In small reserves
near the shore, snappers’ home range wil l exceed
the MPA limits.  Considering the reef fishery in
Northeast Brazil , the MPA might be most efficient
if set in direction to the off-shore in a attempt to
protect the entire range of fish distribution and
consequently the entire life cycle of the species.
This could also offer some protection of various
kinds of habitats used by different stage of the life-
cycle of each species.
Although a dataset originated from commercial
fisheries may only partially represent the fish
community because of gear selectivity and fishing
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tactics, variations in the effort and/or gear fishing
power were considered representative to the actual
trend in the fish distribution (fishermen go where
the fish is).  More attention should be given on
technological interactions and multispecies aspects
of the reef fishery in Northeast Brazil as stock
assessment models for the management of single
species fished by one type of gear (or fleet) may
be inadequate to apply to the northeastern
Brazilian fisheries and to predict changes at the
assemblage level (Pikitch, 1988; Hilborn and
Walters, 1992).  The inter and intra-specific
bathymetric distribution and the multifleet
character of the Northeastern Brazilian reef fishery
demonstrated that considering only one category
of a fleet would li kely bias this assessment on the
real impact of fishing activities.
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RESUMO

A distribuição batimétrica de cinco espécies de
peixes do Nordeste Brasileiro foi examinada
através da análise da composição da captura e e
abundância relativa (CPUE) mostrou que, de uma
maneira geral, o comprimento furcal aumentou
com a profundidade e que algumas espécies
dominaram a captura de acordo com a faixa de
profundidade. A cioba, L. analis, a guaiúba, L.
chrysurus, e o dentão, L. jocu foram
principalmente pescados na zona intermediaria
(20-80 m) enquanto ariocó, L. synagris e o pargo
olho-de-vidro L. vivanus ocorreram

respectivamente nas águas rasas e nas águas
profundas.  Cada tipo de embarcação do Nordeste
do Brasil explota preferencialmente uma
combinação particular de espécies e uma
determinada ampli tude de tamanho.  A dinâmica
da frota do nordeste do Brasil é tecnologicamente
heterogênea e determina a composição da captura.
A distribuição geográfica da pesca e a interação
técnica entre as frotas e as artes de pesca devem
ser consideradas pelo manejo destas espécies
visando a manutenção dos estoques em bases
sustentáveis e a garantia de continuidade do
recurso.
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