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INCIDENTAL CATCHES OF FRANCISCANA IN COASTAL GILLNET FISHERIES IN THE
FRANCISCANA MANAGEMENT AREA III: PERIOD 1999-2000
Eduardo R. Secchi 1, 2, Paul G. Kinas 3 and Monica Muelbert 1
Abstract –Bycatch of franciscanas in fishing operations along the western South Atlantic Ocean has been observed for approximately
60 years. Reports on bycatch in shark gillnet fisheries off Uruguay date back to the early 1940s. A decade later, gillnet fisheries for
bottom-dwelling fish became the major conservation concern for franciscanas in both Brazil and Argentina. A small portion (c.
10%), of the coastal gillnet fleet which operate from the port of Rio Grande (southern Rio Grande do Sul, Brazil) was monitored in
1999-2000. The total annual bycatch was estimated to be 946 franciscanas (non-parametric CI = 467 – 1525) for the year 1999 and 719
(non-parametric CI = CI: 248 – 1413) dolphins for 2000. The total bycatch for the whole FMA III was 1106 (CI: 578 – 1915) for 1999
and 992 (CI: 475 – 1832) for 2000. Since data were not normally distributed confidence intervals were estimated by non-parametric
bootstrap. Despite strong evidence of decline for the stock from FMA III, no mitigation strategy has been established or designed.
Instead, fishing effort is still very high, it is increasing and bycatch is uncontrolled. Thus, prompt management action is required.
Regulation of gillnet fishing effort might be the only suitable immediate action to mitigate the bycatch.
Resumo – Capturas acidentais de toninhas em operações de pesca têm sido observadas por aproximadamente 60 anos ao longo
de sua distribuição no Atlântico Sul-Ocidental. Em águas uruguaias, os registros de capturas nas redes de emalhe, usadas na
pesca de tubarões, datam do início dos anos 40. Uma década mais tarde, a pescaria de peixes demersais com redes de emalhe
tornou-se a principal preocupação em relação à conservação da espécie tanto no Brasil como na Argentina. Em 1999 e 2000,
monitorou-se uma pequena parcela (c. 10%) da frota costeira que opera com redes de emalhe na costa sul do Rio Grande do Sul,
Brasil. Estimou-se uma captura acidental anual de 946 toninhas (I.C. não-paramétrico = 248 – 1423) para o ano de 1999 e de 719
toninhas (I.C. não-paramétrico = 248 – 1423) para o ano de 2000. A captura acidental anual para toda a FMA III (FMA: Área de
Manejo para a Toninha) foi estimada em 1106 (I.C. = 578 – 1915) e 992 (I.C. = 475 – 1832) toninhas em 1999 e 2000, respectivamente.
Os intervalos de confiança foram estimados através de procedimentos de “bootstrap” não-paramétrico, visto que os dados não
apresentavam distribuição normal. Até o presente, nenhuma estratégia mitigatória foi implementada ou elaborada, apesar das
fortes evidências que o estoque da FMA III está declinando. Além disso, o esforço pesqueiro continua elevado, crescendo e as
capturas acidentais sem controle. Ações de manejo pesqueiro são urgentemente necessárias. Talvez, a regulamentação do esforço
de pesca seja a única atitude imediata aplicável e com chances de ser eficiente.
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Introduction
Mortality due to incidental entanglement in gillnets is by far
the greatest threat to the franciscana (e.g. Ott et al., 2002; Secchi
and Wang, 2002; Secchi et al., 2003b), and was first observed
about sixty years ago in shark gillnet fisheries off Uruguay
(Van Erp, 1969). Although gillneting in southern Brazil and
Argentina emerged in the 1940s (Haimovici et al., 1997; E.
Crespo, pers. commn), no record of bycatch exists for that
time. Gillnet fisheries for bottom-dwelling fish became the
major conservation concern for franciscana in Brazil and
Argentina only in the 1980s and early 1990s, respectively,
when dedicated research began. Recently, bycatch has been
reported from all of the main fishing villages along the species’
distribution (e.g. Corcuera, 1994; Cremer et al., 19954; Praderi,
1997; Secchi et al., 1997; Di Beneditto et al., 1998; Bertozzi and
Zerbini, 2002; Ott et al., 2002; Rosas et al., 2002; Secchi et al.,
2003b). However, the levels of bycatch vary greatly according
to the geographical location, and seem to be higher in southern
Brazil, Uruguay and Argentina (see Ott et al., 2002 and Secchi
et al., 2003b for a comprehensive review).
In Uruguay, Praderi (1997) estimated that between 1974 and
1994 at least 3,683 dolphins were killed. The highest and
lowest annual estimates were 418 and 66 dolphins caught

in 1974 and 1994, respectively. Bycatch was even higher prior
to this period. In the late 1960s the annual bycatch was
estimated to be as high as 1,500 to 2,000 animals (Brownell
and Ness, 1970; Pilleri, 1971).
Between 1976 and 1987, 1,085 franciscanas were found dead
(Pinedo, 1994) along the coast of Rio Grande do Sul State,
Brazil. Bycatch estimates from monitoring of gillnet fleets
in the same area were appreciably higher, ranging from
several hundred dolphins to more than a thousand per year
(Secchi et al., 1997; Ott, 1998; Ott et al., 2002; Secchi et al.,
2003b). There is evidence of high bycatch and population
decline (e.g. Secchi, 1999; Kinas, 2002, Secchi and Wang, 2002)
in southern Brazil. Therefore, one could expect the number
of dolphin captures to decrease if the fishing effort remains
stable or decreases. However, despite the collapse of some
fish stocks, fishing effort is increasing and the number of
franciscanas annually caught remains high.
In this article we estimate the total bycatch of franciscana in
the coastal gillnet fishery off Rio Grande do Sul state (southern
Brazil) and Uruguay, corresponding to Franciscana
Management Area (herein FMA) III (see Secchi et al., 2003a)
for the years 1999 and 2000. For modelling purposes (in Secchi
and Fletcher, 2004) the bycatch estimates for the other FMAs
were compiled from the literature (Table 1).
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Table 1. Summary of characteristics of the coastal fishery responsible for franciscana bycatch along the four Franciscana Management
Areas. Values are approximations and the fishery characteristics are highly variable between fishing villages within a FMA. For FMA
III estimates are for years 1999 and 2000.

GENERAL CHARACTERISTICS OF THE FISHERIES•

ANNUAL BY-CATCH*

Itaúnas (18o25’S) to

Fleet: about 75 boats

Minimum: 44

Ubatuba (23o18’S),
southeastern Brazil

Gear: surface and bottom gillnets

Average: 110

Main target species: sciaenids and sharks

Maximum: 176

RANGE

FMA I

MANAGEMENT
AREA

Net length: up to 2,400 m (most are smaller)
Net width: about 5 m
Mesh size: 14 cm
Depth: 6 to 70 m
Distance from the coast: 1 to up to 60 miles

Ubatuba (23o18’S),
southeastern Brazil to Torres
(29o19’S), southern Brazil

Fleet: about 100 boats

Minimum: 63

Gear: surface and bottom gillnets

Average: 279

Main target species: sciaenids, sharks,

Maximum: 497

mullet and flounders
FMA II

Net length: from 120 m (artisanal fishery)
up to 6,000 m (commercial)
Net width: 1.5 to 5 m (bottom gillnets);
7.5 to 12 m (surface gillnets)
Mesh size: 6 to 22 cm
Depth: up to 40 m

FMA III

Distance from the coast: up to 60 miles

Torres (29o19’S), southern
Brazil to the border between
Uruguay and Argentina,
about in the middle of the
La Plata river mouth
(~35o30’S)

Fleet: about 150 boats

Minimum: 356-694

Gear: bottom and surface gillnets

Average: 1049-1374

Main target species: sciaenids, gadids and sharks

Maximum: 2033-2215

Net length: 3,000 up to 11,000 m (bottom gillnets);
300 to 4,000 m (surface gillnets)
Net width: 2 to 4 m (bottom gillnets); 6 to 15 m
(surface gillnets)
Mesh size: 9 to 38 cm
Depth: up to 40 m

FMA IV

Distance from the coast: 1 to up to 60 miles

The border between
Uruguay and Argentina,
about in the middle of the
La Plata river mouth
(~35o30’S) to Golfo Nuevo
(42o35’S), Chubut, Argentina

Fleet: 110 boats

Minimum: 241

Gear: 52 use gillnets and 58 shrimp trawl

Average: 405

Main target species: sciaenids, sharks

Maximum: 567

and shrimps
Net length: 35 to 200 (artisanal) and up to 4,000
(commercial) fishery
Net width: 1.2 to 2 m (artisanal fishery); 3 to 5 m
(commercial fishery)
Mesh size: 10 to 30 cm
Depth: up to 30 m
Distance from the coast: up to 30 miles

*The annual by-catches are rough estimates based on combined information from different studies within the range of each FMA.
(z) *Source: Praderi et al., 1989; Corcuera, 1994; Corcuera et al., 1994; Pinedo, 1994; Siciliano, 1994; Cremer et al., 1995; Praderi, 1997; Secchi et
al., 1997; Zanelato, 1997; Corcuera et al., 2000; Di Beneditto et al., 1998; Kinas and Secchi, 1998; 1999; Ott, 1998; Capozzo et al., 2000; Di Beneditto
and Ramos, 2001a,b; Bertozzi and Zerbini, 2002; Rosas et al., 2002; Santos et al., 2002, Di Beneditto, 2003, and this study.
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Methods
During 1999 and 2000, 10 and 9 coastal gillnet boats
respectively from Rio Grande (southern Rio Grande do Sul
State) were monitored (Table 2). Although this is a small
proportion of the fleet (c. 9 to 10%), the monitored boats are
representative for the whole fleet as they use the same
fishing gear, target the same species and operate in the same
fishing areas. Logbooks were provided to each of these boats
with the aim of obtaining information on bycatch of
franciscana, fishing location, effort and characteristics of the
fishing gear. The fishers were asked to bring all franciscanas
killed in their nets back to port. Visits to the fishing docks
were conducted often, almost daily, to recover the carcasses.
At the end of the first year logbooks were collected and
replaced with new ones to be used during the next year.
Capture per unit of effort (CPUE) was calculated separately
for either of the two main target species: the white croaker
(Micropogonias furnieri) and striped weakfish (Cynoscion
guatucupa). CPUE was based on the number of dolphins
entangled divided by the total effort (net size times number
of settings) and expressed as the number of dolphins
captured in 1000 linear metres of net per set (franciscana x
[1000 m net]-1). For CPUE analysis, only those specimens

63

caught in nets of the surveyed boats were considered [fishers
from unsampled boats occasionally bring in franciscanas
killed in their nets]. Uncertainty in CPUE estimates was
calculated by non-parametric bootstrap (Manly, 1997). The
data provided by each boat i (i = 1,…,b ) included: 1) number
of animals by-caught (Ci); 2) number of sets in the year (Si);
3) average length of net deployed during the season (Li) (see
Table 2). For each year, bootstrap sampling of b boats taken
randomly with replacement was performed 10,000 times.
For each sample, total bycatch (Tc) was then estimated as
CPUE times the mean total effort times the number of boats
(B) in the fleet (see equations 1 and 2).
(eq. 1)

(eq. 2)

Tc = CPUE

×

∑

S i × Li
b

 ∑ Si
Tc = CPUE × 
×
 b


× B

∑L


× B

b 
i

The difference between the two equations is related to the
degree of covariance between the number of sets S and
the length of the nets L. The covariance is:

Table 2. Fishing effort and bycatch of franciscana in white croaker and stripped weakfish gillnet fisheries in southern Brazil. Information
includes the number of settings (Si), mean net length (Li), mean total effort (Ei) and total number of franciscanas caught (Ci) by each boat
i. Italicised rows represent the boats for which information appeared incomplete.

Si

Si

Li

Li

Ei

Ei

Ci

(FOR CROAKER)

(FOR WEAKFISH)

CROAKER (m)

WEAKFISH (m)

CROAKER (m)

WEAKFISH (m)

(CROAKER)

1

23

2

8244

6436

189612

12872

4

0

2

18

4

12423

9348

223614

37392

6

6

3

33

11

10648

7972

351384

87692

8

0

4

36

3

12202

8045

439272

24135

24

0

5

13

5

12389

7691

161057

38455

1

0

6

21

7

10973

6436

230433

45052

4

0

7

27

9

9891

10973

267057

98757

9

2

8

13

0

6302

0

81926

0

1

0

9

27

0

8045

0

217215

0

6

0

YEAR/BOAT

Ci
(WEAKFIS

1999

10

17

0

10973

6436

186541

0

2

0

171

41

76770

56901

13127670

2332941

56

8

12

12

13355

7884

160260

94608

4

4

2

8

39

10136

6947

81088

270933

0

1

3

46

28

9438

7550

434148

211400

19

5

Total
2000
1

Total

4

8

5

8742

8624

69936

43120

1

3

5

10

76

9770

7870

97700

598120

0

0

6

19

12

12829

8045

243751

96540

5

0

7

27

45

10843

6585

292761

296325

2

4

8

3

0

6757

0

20271

0

6

0

9

12

3

8742

7080

104904

21240

4

1

130

217

75113

53505

9764690

11610585

31

17
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(eq. 3)
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Cov( S , L) = E{S × L}− E{S }× E{L}

where E { } represents the expected value. The method of
moments estimator of E{S x L} and E{S} x E(L} correspond to
the term within brackets in equations 1 and 2, respectively.
Now, if:

Cov(S, L) = 0

Cov(S, L) > 0
Cov(S, L) < 0


then, eq. (1) and eq.(2) provide the same results
the mean effort estimated from eq.(1) is
higher, resulting in higher Tc
the outcome will be the opposite to the above

The confidence interval for Tc was estimated as the 2.5th and
97.5th percentiles of the bootstrap replicates (Manly, 1997).
This estimation approach assumes that franciscanas are
equally vulnerable to any boat in the fleet. Because there
is no current bycatch estimate from northern Rio Grande
do Sul and Uruguay, it was assumed that the boats from
these areas operate in the same fashion as in southern
Rio Grande do Sul (i.e. the Rio Grande fleet). Total bycatch
was extrapolated to a fleet of about B = 150 boats (i.e. 105
from Rio Grande, 35 from northern Rio Grande do Sul
and around 10 from Uruguay). Since the main target
species are the same for those areas (see Ott et al., 2002;
Secchi et al., 2003b), the assumption of similar fishing
dynamics is reasonable. This extrapolation was made only
for modelling purposes and is not meant as a substitute
for empirical estimates of bycatch in each location.
Because some boat skippers completed the logbook only
when franciscanas were caught in their nets or for a small
part of the fishing season, the estimates of CPUE and total
bycatch were based on data from boats with most
complete records. This left seven boats as a basis for
bycatch estimation. Because of the arbitrary nature of this

approach, estimates based on all monitored boats are also
provided for comparison.
Results
The CPUE was higher in 1999 [0.0294 (SD=0.0064) and
0.024 (SD=0.018)] than in 2000 [0.0212 (SD=0.0077) and
0.0119 (SD=0.0059)] for both white croaker and striped
weakfish fisheries, respectively. However, these differences
were not statistically significant (p>0.05).
The estimated total bycatch for southern Rio Grande do
Sul are 946 (CI: 456 - 1530) for 1999 and 704 (CI: 250 1354) for 2000 (equation 1). Using equation 2, the bycatch
estimates are 946 (CI: 467 – 1525) and 719 (CI: 248 – 1413),
for 1999 and 2000, respectively. The total bycatch for
the whole FMA III (Table 3) was 1374 (CI: 694 – 2215)
for 1999 and 1049 (CI: 356 – 2033) for 2000 using equation
1. From equation 2, the estimate was 1106 (CI: 578 –
1915) for 1999 and 992 (CI: 475 – 1832). In both years the
total estimated bycatch was high relative to population
size (~42,000 animals; CI ~ 32,000 to 53,500) provided
by Secchi et al. (2001).
The distribution of the bycatch in FMA III for both years
estimated from those boats with the most complete
records is shown in Figure 1.
Discussion
The fishing fleet based out of Rio Grande is responsible
for the largest portion of franciscana bycatch in southern
Brazil and includes commercial, semi-commercial and
artisanal fishing.

Table 3. Estimated annual bycatch of franciscanas in the coastal gillnet fleet operating from Rio Grande (n = 105 boats), southern Rio
Grande do Sul (Brazil). Values were obtained from equations 1 (first row of each block) and 2 (second row of each block). Estimates
obtained when all monitored boats are considered are shown within brackets. The last row of each year shows the estimates for the
three areas: Uruguay, southern and northern Rio Grande do Sul (fleet size =150 boats).

YEAR

TARGET SPECIES

1999

Croaker
Weakfish

2000

Total

MEAN BYCATCH

SE

NON-PARAMETRIC 95% CI

824 (682)

274 (213)

397 (346); 1427 (1155)

827 (675)

268 (206)

407 (348); 1406 (1134)

118 (84)

83 (61)

0 (0); 294 (210)

115 (66)

82 (52)

0 (0); 293 (189)

946 (764)

279 (222)

456 (378); 1530 (1239)

946 (739)

274 (216)

467 (370); 1525 (1207)

1374 (1106)

383 (346)

694 (578); 2215 (1915)

456 (481)

243 (192)

103 (187); 1001 (910)

Croaker

464 (469)

256 (195)

99 (176); 1031 (912)

251 (210)

75 (66)

103 (82); 397 (338)

Weakfish

259 (194)

80 (73)

105 (63); 405 (345)

704 (694)

292 (231)

250 (327); 1354 (1202)

719 (664)

306 (234)

248 (319); 1413 (1190)

1049 (992)

440 (353)

356 (475); 2033 (1832)

Total
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The results suggest that larger mesh size (i.e. nets set for
croaker) might have a higher contribution to franciscana
bycatch. Total bycatch in 1999 was higher than in 2000,
which could have been due to higher effort for croaker.
These nets are suspected to be more harmful to franciscana
not only because of the larger mesh size (14-16cm in
comparison to 9cm stretched mesh for weakfish nets) but
also because they generally operate in shallower waters
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which overlap with franciscana distribution to a greater
extent (Dapper et al., in prep 5 ). Assessment of the
vulnerability of franciscana to different nets, areas and by
season is a research priority currently under investigation
(Dapper et al., in prep).
In Uruguay, large mesh nets targeting sharks were
responsible for about 70 to 90% of the captures from the
beginning of the gillnet fishery until the decline of the shark

Figure 1 - Distribution of the bootstrap estimates of bycatch of franciscana in FMA III during years 1999 (top) and 2000 (bottom).

5

Dapper, C., Secchi, E.R, Kinas, P.G. and Muelbert, M. (in prep) Seasonal, spatial and gear type vulnerability of franciscana dolphin in
southern Brazil.
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fishery in the mid 1980s (e.g. Praderi, 1997; 2000). Depletion
of the target shark species led to a drop in the fishing effort
using large mesh (32cm) nets (Praderi, 1997). Almost all
the gillnet effort in the 1960s and 1970s employed large
mesh nets. Today, most fishers use small (10-12cm) but
some use medium (20-22cm) mesh nets. Such changes in
the Uruguayan coastal fishery were believed to be
beneficial to the recovery of the franciscana from the
intense bycatch pressure of the past (Praderi, 1997).
However, fishing effort using small mesh nets to catch
teleost fish increased in the 1990s and the fishery was
prosecuted closer to shore mainly in spring and summer
when, according to Praderi (1997), franciscanas move
inshore to prey upon shrimps (Artemesia longinaris).
Although the use of large mesh nets is thought to be more
harmful to the cetacean species off Uruguay, small mesh
sized nets are responsible for all bycatch in southern Rio
Grande do Sul. Therefore, if the overlap between gillnet
fisheries (regardless of the mesh size of the nets) and
franciscana increases in Uruguay, the bycatch pressure will
not decrease as suspected by Praderi. It is worthwhile to
note that there is a high rate of franscicana bycatch in
adjacent areas of southern Brazil which alone is likely to
offset or nullify any recovery expected for franciscanas
from Uruguay. According to Praderi (2000), recent reported
reductions in bycatch off Uruguay are, at least partly, due
to underreporting. He stated that current records of
incidental kill are less reliable than in the past because
fishers fear enforcement of recent laws that protect
franciscanas in Uruguay. On the other hand, bycatch off
Rio Grande do Sul is still high, as reported a few years ago
(Secchi et al., 1997; Kinas and Secchi, 1998; Ott, 1998). Secchi
et al. (1997) had reported an annual bycatch of about 460 for
the southern Rio Grande do Sul coast in 1994. However, this
value was probably underestimated for at least two reasons:
a) the study was in its infancy and fishers were not as
cooperative as they are today; b) some boats included in
the analysis of Secchi et al. (1997) started reporting bycatch
only late in the season, resulting in a lower reported
bycatch for these individual boats. The combination of
these two factors may have affected the extrapolation of
total bycatch for the whole fleet.
Due to a number of logistical constraints, only a small
portion of the fishing fleet was monitored. Hence, there is
wide variation in bycatch estimates. The industrial fleet
usually operates beyond the offshore limit of franciscanas
distribution. However, industrial boats sometimes fish
closer to shore and hence pose a potential risk of bycatch.
Secchi et al. (1997) reported that of a sample of 97 bycaught
franciscanas, three had been caught by an industrial boat
which had set a net near the 30m isobath. Furthermore,
small artisanal boats which make short (half day) trips to
set nets very close to shore, were not monitored. These
boats are known to catch franciscanas throughout the
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species’ range (e.g. Bertozzi and Zerbini, 2002; Bordino et
al., 2002; Rosas et al., 2002 – see also Ott et al., 2002 and
Secchi et al., 2003b for a review). “Active gillnets”6 set for
bluefish (Pomatomus saltatrix), are also known to catch
franciscanas (see Secchi et al., 1997) and were also not
included in the analysis because the number of boats
targeting bluefish is unknown for the period of this study.
In the Buenos Aires Province (Argentina), trawling for
shrimps is responsible for relatively high franciscana
bycatch (Cappozzo et al., 2000). Trawling effort for teleost
fish is high in coastal waters off Rio Grande do Sul and can
potentially catch franciscanas, though no bycatch has been
reported so far. This might be due to lack of monitoring
effort directed to this fleet.
An additional source of bias is that some bycaught
franciscanas may have fallen from nets and not been seen
by fishers. Similar “drop-outs” are reported for other areas
by observers onboard gillnet fishing boats (e.g. Bravington
and Bisack, 1996). It is also likely that the actual number of
fishing boats for the fleet is underestimated because this
was determined from direct counting of semi-commercial
boats in situ. Some boats may not have been in the port
during boat censuses. Secchi et al. (1997) reported that
between 140 and 150 coastal (semi-commercial) boats
operated from the port of Rio Grande, which included boats
from two fishing communities. Despite the many
uncertainties mentioned above, the evidence suggests that
bycatch is underestimated, which is a general rule of
bycatch estimates (Hall, 1999). Hence, the true bycatch is
likely to be within the upper half of the statistical
confidence interval. For management purpose it is
recommended that downward bias in the bycatch estimates
is acknowledged. The reason for being conservative is not
only due to the scientific evidence that bycatch is
underestimated, but also because precaution is crucial
when management action is already delayed.
Recommendations
The levels of franciscana bycatch in the FMA III is high.
Any change in mesh size (e.g. to smaller mesh to catch teleost
fish in Uruguay) would be unlikely to reduce bycatch
substantially if overlap between franciscana and nets is high.
Perhaps the most immediate action to reduce bycatch is by
limiting fishing effort in terms of maximum allowable net
length and number of boats via law enforcement.
Compliance could easily be verified by inspection in the
port. Restricting fishing grounds (e.g. time and/or local
closures), although potentially effective, would rely on the
fishers’ willingness to co-operate. Hence, education
programs need to be implemented in parallel.
Despite the lack of franciscana bycatch records in trawling
operations, other harmful effects of this fishery cannot be

These ‘run-around’ gillnets (locally called cerco) are used only in winter. The fishers search for schooling bluefish and, after finding
them they run the net around the school. However, unlike purse seining, the bottom of the nets is not closed after entrapping the fish
and thus it operates as a gillnet.
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overlooked. Trawling destroys benthic communities and
results in bycatch of large amount of juvenile sciaenid fish.
These fish are the main components of franciscana’s diet
and potential recruits for commercial gillneting. If
recruitment is affected gillnet fishing effort is likely to
increase as fishers strive to mainatin catches. In turn, this
will increase franciscana bycatch. Trawling operations
within 3nm from shore (nursery ground of sciaenids) are
illegal in southern Brazil. Nonetheless, this activity takes
place in large extent due to lack of policing (pers. obs.).
Law enforcement with substantial penalties for offenders
is strongly recommended. Reducing fishing effort could
be beneficial both to franciscana and to commercially
valuable depleted fish stocks.
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