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ABSTRACT

Technical interactions arise through the incidental catch of non-target species (by-catch) in
targeted fisheries and by the co-existence of fleets exploiting the same resource. This study
revisesthefishery, gears and species captured in southern Brazil and a so identifiesthetech-
nical interactions between the fleets and the speciesinvolved (through mixed catch and by-
catch), especially of the bluefish, Pomatomus saltatrix, and the striped weakfish, Cynoscion
guatucupa. Datawastaken from published material about the southern Brazilian continental
shelf fishery, catch recordsfrom coastal landing sites, interviewswith skippers and managers
and data collected by the IBAMA (Instituto Brasileiro do Meio Ambiente e dos Recursos
Naturais Renovaveis). The demersal teleosts are the most exploited resources, notably the
Sciaenids Micropogonias furnieri, C. guatucupa, Umbrina canosai and Macrodon ancylodon
(55% in weight). The higher proportion of by-catch of thetargeted P. saltatrix by gill netting
isdueto Brevoortia pectinata and Parona signata. Thetargeted C. guatucupa by gill netting
ismore species-diverse. M. furnieri gill netting isvery species-selective asonly 4% on aver-
age of thetotal catch isregarded asincidental. Trawlers may catch up to 20 speciesand there
isno specific target species. Purse seineisaspecies-specific gear as, for most of thetargeted
species, the by-catch isless than 1% by weight. The size range of the exploited P. saltatrix
and C. guatucupa differs amongst gears.
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RESUMO
Interagdes técnicas na atividade pesqueira do sul do Brasil
Interagdes técnicas estéo rel acionadas com a capturaincidental de espécies ndo avo (fauna
acompanhante) em pescarias direcionadas e, pela co-existénciade frotas explorando o mes-

mo recurso. Este estudo revisa a pesca, artes de pesca e espécies capturadas no sul do Brasil
etambém identificaasinteracGestécnicas entre frotas e espécies (através da capturamistaou
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faunaacompanhante), especia mente paraaanchova, Pomatomus saltatrix, e pescadaolhuda,
Cynoscion guatucupa. Os dados foram obtidos através de material publicado sobre apesca
daplataforma continetal do sul do Brasil, registros de pesca dos pontos de desembargue da
pesca costeira, entrevistacom mestres e armadores de barcos e dados coletadospelo IBAMA.
Teledsteos demersais sao 0s recursos mais explorados, principalmente os Sciaenideos
Micropogonias furnieri, C. guatucupa, Umbrina canosai e Macrodon ancylodon (55% em
peso). A maior proporc¢ao dafaunaacompanhante da pescariade rede de emal he direcionada
para o P. saltatrix sdo das espécies Brevoortia pectinata e Parona signata. A pesca de
emalhedirecionada paraC. guatucupa é maisdiversificada. A pescade emalhe direcionada
paraM. furnieri € muito seletivaem termos de nimero de espécies umavez que apenas 4%
em mediadacapturatotal éincidental. Arrasteiros podem capturar até 20 diferentes espécies
enado haumaespécie-alvo especifica. Rede de cerco é umaarte especificaumavez que, para
amaioria das espécies-alvo, a fauna acompanhante € menor que 1% em peso. A faixa de

comprimento do P. saltatrix and C. guatucupa explorado difere entre as artes de pesca.

Palavras chave: pesca, sul do Brasil, interacGes técnicas.

INTRODUCTION

In many fisheries, asingle fish popula-
tionis harvested sequentially by a series of
fisheries (O'Boyleet al., 1991; Aldebert et
al., 1993). Such a case may include (a) the
harvesting by different fleets at different
stagesin thelife cycle of thefish stock; (b)
the simultaneous or nearly simultaneous
harvesting by different fleets, or (c) the se-
quential harvesting by the samefleet but at
separatetimes (Charles & Reed, 1985). The
technical interactionsarising from co-exist-
ing fleets expl oiting the same resource may
involve conflicts between users of the fish
resource and management must consider that
fisheries of the same stock arelinked through
their exploitation (Charles & Reed, 1985).

Technical interactions may also arise
when gear comesinto contact with stocks of
different speciesresulting in amixed catch.
From thismixed catch, some speciesarere-
garded as target and others as incidental
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catches of non-target species. By-catch has
received a great deal of concern from fish-
eries managers and conservationist groups
asit may be contributing to biological over
fishing and to the alteration of ecosystems
(Alversonetal., 1994, Alverson & Hughes,
1996). Thequalification and quantification
of by-catcheson non-target population (and
mixed catches) must beinvestigated as dif-
ferent effects may arise depending on life
history features of the impacted species
(Dulvy et al., 2000).

The bluefish, Pomatomus saltatrix (L.),
and the striped weakfish, Cynoscion
guatucupa (Cuvier), aretwo of themost im-
portant commercially exploited speciesin
southern Brazil, with landings over the last
decade ranging from 585 to 5,400 tonnes a
year for P. saltatrix and from 2,800 to 12,400
tonnes a year for C. guatucupa (Lucena,
2000). The bluefish is a highly mobile
pelagic predator (Lucenaet al., 2000a) and
is widely distributed along the continental
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shelf in both temperate and warm waters of
the Atlantic, Pacific and Indian Oceans
(Wilk, 1977). In the western Southern At-
lantic, P. saltatrix isrecorded from Mar del
Plata (Argentina) to Rio de Janeiro (Brazil).
The striped weakfish isademersal predator
restricted to the coastal waters of the south-
western Atlantic from Rio de Janeiro (Bra
zil) to the south of Buenos Aires (Argen-
tina) (Cordo, 1986).

P. saltatrix and C. guatucupa are not
exploited independently and these species
are, in southern Brazil, a clear example of
technical interactions. Each speciesisaby-
catch withinthetargeted fishery of the other.
In addition, their catch period overlaps for
gill netting and the same fleet allocates ef-
fort towards one or other speciesdepending
on acombination of factors such as species
availability and market price (Lucena,
2000). For each species, technical interac-
tions arise through the co-existence of dif-
ferent fleets exploiting the same resource.

This study initialy revises the fishery,
gearsand species captured in southern Bra-
zZil. Itdsoidentifiesthetechnicd interactionsbe-
tweenthefleets(especidly for P. saltatrix and C.
guatucupa) and the gpecies involved (through
mixed catch and by-catch).

MATERIAL AND METHODS

Theinformation for this study wastaken
from published material about the southern
Brazilian continental shelf fishery and the
following additional sources:

1 - Catch records from coastal 1anding
sites collected directly from fleet managers

for the period 1994 — 1997, comprising the
specific catch of 1050 trips operated by 25
boats (22 boats of the gill net fleet and 3
boats of the purse seine fleet). All targeted
species caught in the coastal gill netting and
purse seine activities were andysed. In addi-
tion, theby-catch of thetargeted gill net and purse
sinefisheriesisandysed by sampled year and
gear.

2—Interviewswith skippers and manag-
ersof different fleets (purse seine; otter, pair
and beam trawler; gill nets) were conducted
during 1992 - 1998 on routine visits to the
landing sitesof thecommercia fishery where
information on thefishery (e.g. area, depth)
and specific catch were collected.

3- Datacollected by the program ‘ Land-
ing System Control’ held by the Brazilian
Environmental Agency for official statistics
(IBAMA, Instituto Brasileiro do Meio
Ambiente e Recursos Naturais Renovaveis).
Thisincludes specific information on land-
ings by fleet and by month. Data collection
coverstheperiod 1991-1997. By-catch from
the trawlers was obtained from this source.

During routinevisitsto thelanding sites
of the commercial fishery, the total length
(TL) of 12,976 P. saltatrix fish (8,629 from
gill net and 4,347 from purse seine catches)
and 14,457 C. guatucupa (5,889 from gill
net and 8,568 for trawlers) were measured
to the nearest centimeter. Length composi-
tionswere evaluated by:

(8) Co-existing fleetswithinasingle spe-
cies. For P. saltatrix, length compositions
derived from the drift surface gill nets and
purse seines were obtained and, for C.
guatucupa, length compositions derived
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from trawlers and bottom gill netswere ob-
tained and;

(b) the targeted and non-targeted catch
composition in the gill net fishery. For P.
saltatrix the specieslength distributionin the
targeted fishery were compared to thelength
distribution in the non-targeted fishery (C.
guatucupa targeted fishery). The samewas
applied for C. guatucupa.

RESULTS

Fisheries in southern Brazil

The annual total landings on the conti-
nental shelf of southern Brazil (excluding
theinland and estuarinefisheries) increased
greatly from 1960 until 1973, when they
reached 67,000 tonnes. High catches were re-
corded in 1986 and 1993. From 1994, the total
landings of the southern Brazilian fishery aver-
aged 30,000 tonnes per year (Figure 1).

The demersal teleosts are the most ex-
ploited resources, notably the Sciaenids
white croaker (Micropogonias furnieri),
striped weakfish (C. guatucupa),
Argentinean croaker (Umbrina canosai) and
king weakfish (Macrodon ancylodon) which
represented in the last decade an average of
55% of total landings (in weight). The
pelagic continental shelf tel eosts (including
P. saltatrix) represented 13% of total land-
ings in weight. Elasmobranchs (mostly the
angel sharks, Squatina sp) comprised 8.2%
of landings and crustaceans and molluscs
were 8.4% of thetotal (Table 1). Other spe-
cies such as the flatfishes, Paralichthys
patagonicus; bluewing searobin, Prionotus
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punctatus and the codling, Urophycis
brasilienis also represented considerable
landingsin the southern Brazilian continen-
tal shelf.

In relation to gears, gill netting has in-
creased sharply and currently thisfishery is
one of the most important activities in the
area (12% of total landings). The coastal gill
net fishery is multi-specific, with distinct
catch periods for each target species. Dur-
ing the months of October to January, M.
furnieri is the target species, whilst during
late autumn and winter (May to September),
P. saltatrix and C. guatucupa are the tar-
geted species (Lucena & Rels, 1998). This
fishery iscomposed of amulti-purposefleet
in which the same boats are used for the
exploitation of different target species. The
gill net fishery occurs between Conceicéo
(31° 42" S) and Chui (33° 43’ S) and oper-
atesat several depths, depending onthefish-
ing gear and targeted species. Nets target-
ing P. saltatrix are set at depths from 10 to
35 m and for C. guatucupa at depths from
23 to 60 m (Lucena & Reis, 1998). M.
furnieri netsare set between 10 - 44 m depth
(Reis, pers. comm). The coastal gill net boats
areusually 14 - 16 min length with engines
of 90 - 150 HP and a hold capacity of ap-
proximately 20 tonnes (Lucena & Reis
1998). The average crew comprises seven
men (Boffo & Reis, 1997).

Gill netsused in the P. saltatrix targeted
fishery are drift surface gill nets usualy
1,800 minlength and with astretched mesh
size of 90 mm. Gill nets used in the C.
guatucupa targeted fishery are bottom gill
nets of 6,500 min length and with the same



FISHERY INTERACTIONS 65

stretched mesh sizeof 90 mm (Boffo & Reis,
1997; Lucena& Reis, 1998). Gill netsused
in the targeted M. furnieri are bottom gill
nets of 8,200 m in length, 19 m in height
with astretched mesh size of 140 mm (Reis,
pers.comm.).

In southern Brazil, trawling activity oc-
curs from Cape Santa Marta Grande (28°
35" S) to Chui at depths down to 200 m.
The fleet is mainly composed of wood or
steel boats, between 20 and 35 min length
with 250 to 650 HP engines. Landings are
held at factories based in Rio Grande
(Haimovici, 1998). Most fishing on the con-
tinental shelf iswith pair, otter, and doubl e-
rig trawlers, accounting for 33%, 9% and
9% of landings (in weight), respectively.
Trawling activity ismulti-specific but domi-
nated by between 2 and 4 targeted species,
depending on thetime of year.

Pair trawlersmainly fish for U. canosai,
M. ancylodon, C. guatucupa and M.
furnieri. Fishing activity peaks during the
winter months (July to September), when C.
guatucupa and U. canosai are abundant in
southern Brazil. Otter trawlers mainly fish
for M. furnieri, C. guatucupa, U. canosai
and elasmobranchs. Fishing activity ismore
intense during the winter months. Double-
rig trawling with twin nets target shrimp
(Artemesia longinaris and Pleoticus muelleri),
Paralichthys 5o and dlasmobranchs. In contrast
totheother gears, fishing activity ismoreintense
during thesummer months November toMarch
(Fgure2).

The purse seining activity occurs from
ConceiCao to Chui at depths down to 100
m. The purse seinefleet targets P. saltatrix,

M. furnieri, and the mullets, Mugil spp.
Catch periods are determined by fish avail-
ability. Purse seine boats are approximately
23 m long with 220-330 HP engines and a
hold capacity of up to 100 tonnes (Lucena
& Reis, 1998). This fishing activity is re-
sponsiblefor an average of 5% of total land-
ings and is more intense during the winter
months, which correspond to the P. saltatrix
fishery season (Figure 3).

By-catch
Gill net by-catch

The by-catch of the targeted P. saltatrix
gill netting varied among sampled years. The
higher proportion of by-catch is due to the
menhaden, Brevoortia pectinata, the
amberjack, Parona signata, and C.
guatucupa, which constitute an average 17%
(by weight) of thetotal catch (Table 2a).

Theannual variability in the by-catch of
thetargeted C. guatucupa gill nettingisalso
reported in Table 2b. Thisfishery is, com-
pared tothetargeted P. saltatrix fishery, more
species-diverse and U. canosai, U.
brasiliensis, P. saltatrix, elasmobranchsand
M. furnieri comprise 21% of thetotal catch.

M. furnieri gill netting is very species-
selectiveasonly 2%to 7% (4% on average)
of the total catch isregarded asincidental.
Of theseincidental catches, elasmobranchs
represent the largest portion (1.9% by
weight) of the total catch (Table 2c).

The gill net by-catch species have often
acommercia value and gill net fishermen
tend to land all fish caught.
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Trawler by-catch
Pair trawlers

In pair trawling, U. canosai, C.
guatucupa, M. ancylodon and M. furnieri
are the targeted species (Table 3a). C.
guatucupa contribute to most of the pair
trawler landings. The by-catch (of around
15% of landings) is composed of a large
number of species of which the jamaica
weakfish C. jamaicensis, P. punctatus, U.
brasiliensis and elasmobranchs arethe most
common.

Otter trawlers

Therelative contribution of thethreetar-
get species (U. canosai, C. guatucupa and
M. furnieri) to otter trawler landings varied
during the time series, but U. canosai most
often dominated. Pooled together, these spe-
cies represent 81.2% of the total landings
on average. The by-catch is of around 19%
by weight and contains up to 20 species.
Incidental catches of P. punctatus, hake,
Merluccius hubbsi, U. brasiliensis and
elasmobrachsare often recorded (Table 3b).

Double-rig trawler

Therelative contribution of the targeted
species Paralichthys sp., crustaceans and
elasmobranchs showed considerable oscil-
lation over the time series (Table 3c). Vari-
ous species constituted the by-catch of
around 32%. P. punctatus, U. canosai, U.
brasiliensis, C. guatucupa, M. furnieri and
M. ancylodon combined represented most
of the by-catch.
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Purse seine by-catch

Purse seineis a speci es-specific gear. For
most of thetargeted species, the by-catchis
less than 1% by weight (Table 4). No by-
catch was reported for M. furnieri and for
Mugil spp. and only in 1997, a by-catch of
0.6% by weight of total catch wasrecorded.
The proportion of the P. saltatrix’sby-catch
isalsovery low, and B. pectinata and P. sig-
nata represent the non-target species. The
purse seinefleet tendsto land all fish caught
and the terms ‘landings’ and ‘catches” are
equivaent.

Co-existing fleets exploiting the same
resource

The exploitation of P. saltatrix differs
amongst gears. Fish caught by surface drift
gill net range in length from 28 to 60 cm
TL, but 91% of the catches are of individu-
alsfrom 36 to 46 cm TL. The exploitation
of P. saltatrix by purse seinesrelies upon a
wide range of fish size, varying from 24 to
71 cm TL (Figure 4a).

Similar to P. saltatrix, catches of C.
guatucupainthecoastal bottomgill net fish-
ery areof 27-60cm TL individualsbut 94
% of the catches rely upon 38 - 48 cm TL
ones. Otter and pair trawlers catch C.
guatucupa that vary from 14 to 59 cm TL,
but 89 % of the catchesrely upon individu-
als between 28 to 48 cm TL (Figure 4b).

Gill netting technical interactions (be-
tween species)

P. saltatrix caught by atargeted and non-
targeted fisheries have similar length com-
position. C. guatucupa caught by atargeted
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and non-targeted fisherieshave also similar
length composition (Table5).

DISCUSSION

This study attemptsto identify the tech-
nical interactions in a southern Brazilian
fishery relying on (a) co-existing fleets ex-
ploiting the same resource, (b) mixed catch
resulting from multiple target species and
(c) theincidenta catch of non-targeted spe-
cies. Most species in southern Brazil are
exploited by more than one gear. The com-
bined expl oitation may result in many stages
of thelife cycleof the speciesbeing exploited
(Charles & Reed, 1985). Such a situation
leads to a serious risk of overexploitation.
The exploitation of M. furnieri in southern
Brazil rdiesupon different life history stages
and both juveniles and adults are exploited.
For this species, trawlersland fish of 16 to
74cm TL and gill netsexploit fish between
34-70cmTL (Reis, 1992). M. furnieri in
southern Brazil isover-exploited (Haimovici,
1998). Also for P. saltatrix and C.
guatucupa, due to the effect of coexisting
fleets catching the same resource, both ju-
veniles and adults are being exploited. Ac-
cording to Lucenacet al. (2002), P. saltarix
is overexploited and according to Lucena
(2000), the biomass of C. guatucupa isde-
creasing over time.

In some fisheries, the gear comes into
contact with stocks of different species, and
amixed catch resultsdueto the exploitation
of technologically interdependent species
(Anderson, 1986). Thisisespecialy thesitu-
ation for trawlers which at least three spe-

cies are regarded as targeted. Accordingly
to Anderson (1986), each specieswill have
asustainableyield and the total sustainable
yield from this fishery is the sum of those
from all species. Thiscombination of yield
was designated by Eide & Flaaten (1998)
asthe maximum sustainablefrontier (M SF)
and it is the long run limit to what can be
harvested from all the species. Accordingto
these authors ‘the harvesting of lessthan a
combination of yields on the M SF does not
necessarily secure asustainable harvest’.

The effect of incidental catches on non-
targeted species is of increasing concern
(Hudson & Mace, 1996). Asawidevariety
of fish species occupies the same habitat,
fishers are generally unable to catch indi-
vidual species without some unintended
catch of other species(Pascoe, 2000). Trawl-
ershaveagreat effect not only on unwanted
species, which are discarded, but also on
seabed communities. Improvement of gear
technology certainly hasaroleto play inthe
conservation of both target and non-target
species. There are some improvements in
mesh configuration and gear design, which
havethe potential to reduce the by-catch of
trawlers (Van Marlen, 1993). In southern
Brazil, trawlershave aby-catch of upto 32%
of total catch onweight, which can include
up to 20 species. By-catches may be repre-
sented by species with different life histo-
ries, varying from the long-lived
elasmobranchs to the short-lived shrimps.
Such speciesmay respond to exploitationin
different ways.

Compared to trawlers, the gill net’s by-
catchisproportionally lessinweight andin
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biodiversity but the gear ishighly selective
for certain size-classes of fish. Typically, the
selectivity curveisbell-shaped. For agiven
mesh size, the similarity between body shape
determines which species are potential by-
catch in a targeted gill-net fishery
(McCombie & Berst, 1969; Reis& Pawson,
1999). P. saltatrix and C. guatucupa have
asimilar body shape; both are fusiform and
lacking protuberances and spines. Their
girths are similar along their body length,
except for the terminal portion where C.
guatucupa are slimmer than the P. saltatrix
(Lucena et al., 2000b). Both species are
caught in the other’s targeted fishery.

Discards are estimated to be approxi-
mately 27 tonnesof fishannually worldwide,
representing 25% of the total marine har-
vest (Alverson et al., 1994). In southern
Brazil it is estimated that discardsare up to
52%, 40% and 46% of catches for beam,
pair and otter trawlers respectively
(Haimovici & Mendonga, 1996). This is
mainly related to the wide range of species
inthe by-catch, many of which arenon-valu-
able and/or undersized by law and for hu-
man consumption. For the trawlers case,
landings do not necessarily mean catches.
In contrast, the unwanted catches of gill nets
are in most cases commercialised because
species are valuable and, dueto gear selec-
tivity, under the law and within market con-
sumption sizes.

Fishery managers may oftenignore spe-
ciesinteractionsbecause (a) theresearch can
betime consuming and costly, (b) stock dy-
namics can be predicted by examining stock
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sizeand structure, (c) evenif webelievethat
species do interact, we may not be able to
quantify the level of interaction and (d) if
interaction parameters can be estimated, we
may be unable to do anything about other
species. These arguments, according to
Hilborn & Walters (1992) imply serious
weaknesses. It isrelatively straightforward
to know something about speciesinteractions
in ecosystems and, even if they cannot be
incorporated into predictive models, agen-
eral knowledge of these interactions may
improve the design of policies regarding
other species.

Of al the interactions present in a fish-
ery system, those of abiological nature (e.g.
predation, cannibalism, competition, re-
source partitioning) are often the most dis-
cussed (Dann, 1987; Tjelmeland & Bogstad,
1998). The quantification of biological in-
teractionscan, however, bedifficult, expen-
sive and may take many years of study
(Pikitch, 1988). However, interactionsaris-
ing from technical concernsaremorerealis-
tically identified and can actually be applied
instock assessment and management of fish-
ery resources.
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Figure 1. Total landingsin southern Brazil (excluding inland and estuarine fisheries).
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Figure 2. Monthly proportion in weight of the target speciesin the (a) pair, (b) otter and (¢)
double-rig trawl fisheries, in relation to the total trawling landings.
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Figure 3. Monthly percentage in weight of the target speciesin the purse seine fishery
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Figure 4. Length distribution of sampled (a) P. saltatrix and (b) C. guatucupa caught by
different gears.
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Table 1. Percentage of landings (in weight) of the main species caught by the southern Bra-
zZilian continental shelf fishery.

1991 1992 1993 1994 1995 1996 1997 Mean

Elasmobranchs 7.4 9.7 12.4 9.6 5.6 6.6 5.9 8.4
Molluscs and crustacea 4.9 7.0 5.6 4.7 10.6 12.1 14.2 8.0
Teleosts 87.7 83.3 82.0 85.7 83.8 81.3 79.9 83.6
M. furnieri 20.3 19.5 14.0 217 139 19.3 17.2 179
C. guatucupa 8.3 9.9 15.0 189 188 15.1 15.2 14.6
U. canosai 10.9 10.9 11.0 8.2 12.6 7.6 6.9 9.9
M. ancylodon 3.6 1.9 3.8 4.3 35 4.4 6.7 3.9
Paralichthys 2.3 2.2 1.0 14 13 11 13 15
P. saltatrix 9.9 4.5 34 4.3 8.7 8.0 21 5.8
Sarda sarda 2.6 5.8 4.2 6.8 8.0 8.6 15.7 7.4
Mugil sp. 4.8 3.1 1.2 0.8 3.0 2.6 2.6 2.6
XC 249 254 28.2 192 140 14.8 12.2 19.9
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