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In southeastern Brazil, slipper lobsters (Scyllarides deceptor and S. brasiliensis) are caught by fleets trawling
for pink shrimp (Farfantepenaeus brasiliensis and F. paulensis) and pots-and-traps fishing for octopuses
(Octopus vulgaris). Eight hundred fifty-six landings of shrimp trawlers and 28 of the octopus fleet were
monitored in the Santos region from May 2006 to April 2007. Additional analysis was performed using
a database covering the period from 1999 onwards. This study seeks to identify the recent patterns of
exploitation of these lobsters with the goal of improving the way towards fishery sustainability. Scyllarides

Is(fj//;l/‘glrgzs deceptor was the dominant lobster species with 1032 specimens collected, while only three specimens of
Bycatch S. brasiliensis were identified. The area known as the ‘Farol do Boi’ (23°01'S, 45°00'W to 25°00'S, 45°40'W

at 60-135m deep) showed the highest Catch Per Unit Effort (CPUE). A General Linearized Model (GLM)
was used to investigate the factors influencing variations in CPUE in trawl fleets and led to the conclusion
that year, month and depth were the most important factors. We detected a significant decrease in the
relative abundance of lobsters in the fishing zone despite relatively low fishing effort. Recommendations
to protect the lobster resources include taking special precautions in the natural refuge area of the ‘Farol
do Bofi’, as an exclusion zone for trawl fleets, and controlling the use of traps longlines to catch octopuses.
Concerns about depensatory processes due to the over-exploitation of lobster populations around the
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world are raised.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Globally, there is limited knowledge about the biology and fish-
ery potential of the 88 species of lobsters in the family Scyllaridae,
commonly known as slipper lobsters (Williams, 1965; Holthuis,
1995; Burton and Davie, 2007). Spanier and Lavalli (2006, 2007)
suggest that the lack of information about slipper lobsters is due
to the low commercial value of this group in comparison to spiny
lobsters (family Palinuridae) and clawed lobsters (family Nephrop-
idae). However, as other species of lobster decline in numbers due
to over-exploitation, focus on slipper lobsters for commercial pro-
duction directly or as a by-product of other fisheries has occurred
(Spanier and Lavalli, 2007; Lavalli and Spanier, 2007).

Consequently, slipper lobsters have become more popular as
seafood in some parts of the world, resulting in an increase in
their economic value since the 1990s (Spanier and Lavalli, 2006,
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2007; FAO, 2009). However, in all cases where these species have
been recorded as the target of a local fishery (i.e. Galapagos Islands,
Hawaii, India, Australia, and the Mediterranean Sea), their abun-
dances have declined rapidly with a subsequent collapse of such
fishing activity (Spanier and Lavalli, 2007).

Moreover, over-exploitation does not require the removal of
large quantities of specimens from the natural environment. Some
vulnerable species or small local populations can experience sig-
nificant declines in stock size even with relatively minimal fishing
effort levels (FAO, 2009). This circumstance requires extensive
research and monitoring of current exploitation patterns are nec-
essary as a first step towards the maintenance of healthy and
sustainable stocks.

In Brazil, there have already been some indications of a reduc-
tionin the yields of slipper lobsters even though they are not yet the
target of fishery fleets and comprise only a small proportion of the
total volume of fishery resources (Coelho et al., 1996; Santos and
Freitas, 2002; Oliveira et al., 2008). Three genera of the family Scyl-
laridae are found in Brazil: Scyllarus, Parribacus and Scyllarides (S.
brasiliensis, Rathbun, 1906; S. deceptor, Holthuis, 1963 and S. delfosi,
Holthuis, 1963). Two species from these genera are recorded as fish-
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ery stocks in southern and southeastern Brazil: S. brasiliensis, which
is found from Maranhdo to S3o Paulo at depths of 20-40m, and S.
deceptor, which is found from Rio de Janeiro to Rio Grande do Sul
at depths of 6-300 m (Holthuis, 1991; Melo, 1999; Oliveira et al.,
2008; De Leo and Pires-Vanin, 2006).

The most important lobster fisheries of the Atlantic coast of
South America are concentrated in northeastern Brazil, where the
spiny lobster (Panulirus spp.) is the most important fishery resource
(Paiva et al., 1971). However, Santos and Freitas (2002) reported
relative increases of S. brasiliensis in spiny lobster landings in the
states of Pernambuco and Alagoas.

In southern and southeastern Brazil, slipper lobsters are gener-
ally part of the bycatch of two fishery fleets: the pot-and-trap fleet
fishing for octopuses (Octopus vulgaris) and the fleet of pink shrimp
(Farfantepenaeus brasiliensis and F. paulensis) trawlers. The latter
has increasingly shifted its focus to capture slipper lobsters, espe-
cially during the off closed season for shrimp (Severino-Rodrigues
et al., 2007). In the regions of Santos and Guaruja (in the state of
Sdo Paulo), there are currently records for at least 33 trawlers and 9
pot-and-trap vessels that fish for these lobsters along the coast, and
there is potential for further increases in these numbers (Instituto
de Pesca, 2008).

Brazil currently has no fishery management legislation regulat-
ing the extraction of slipper lobsters. Further, there is limited basic
knowledge of the fishery biology and exploitation patterns of these
species on which to base any such eventual rules. Studies evalu-
ating the fishing pressures to which these stocks are exposed and
theirimpact on lobster populations are particularly important. Such
analyses could be helpful in evaluating the degree of fragility of the
populations of slipper lobsters based on data acquired for lobsters
of the genus Scyllarides (Oliveira et al., 2008).

To assess the impacts of fishing on slipper lobster populations,
it is necessary to understand how they are removed from their nat-
ural habitats by local fleets as well as the intensity, geographical
and depth patterns of these practices. This may prove to be partic-
ularly useful in initiating management strategies for future lobster
removals. Within this broad context, this study aims to detect the
exploitation patterns of slipper lobsters as bycatch in the South
Brazil Bight area by considering the different fishing strategies
adopted by distinct fleets.

2. Materials and methods

Weekly visits to the major fishing landing points of the San-
tos region (S3o Paulo State, SE Brazil) were undertaken between
May 2006 and April 2007. The presence of slipper lobsters as
bycatches of both shrimp trawlers (medium-sized double trawlers)
and “polveiros” (vessels for octopus pot-and-trap fishing) were
monitored. Once all catch volumes were unloaded, all lobsters were
taxonomically identified using Melo (1999) as a reference. At the
same time, interviews were conducted with the skippers and vessel
owners to obtain further details on each fishery. For trawlers, inter-
view data included target species of the fishery, number of trawl
hauls performed each day, time spent trawling each day, number of
days spent fishing, fishing depths, substrate type, geographic loca-
tion of the fishing area, total catch of the fishery and total catch of
slipper lobsters. For the pot-and-trap fleet, data collected included
target species of the fishery, number of pots and/or traps per parcel
(line), immersion time (in days), bait type, total number of parcels
collected, days spent fishing, fishing depths, substrate type, geo-
graphic location of the fishing area (latitude in °S), total catch and
catch of slipper lobsters.

Fig. 1 illustrates the different types of fishing gear (double-trawl
and trap-and-pot longlining) and the ways they are used in fishing.
Pots are more selective and attract octopuses because they serve

as shelters. The traps use bait to catch octopuses, fish and slipper
lobsters (Tomas and Avila-Da-Silva, 2005; Tomas et al., 2006). Each
of these vessels can include up to 10 lines with 2500 pots and 150
traps per line, resulting in a total of 25,000 pots and 1500 traps for
an individual fishery.

Additional data from trawl fishing that captured Scyllarides spp.
as bycatch from January 1999 to April 2007 were obtained from the
Instituto de Pesca’s fishery database (Propesq). These data included
number of vessels and landings, catch of Scyllarides (kg), total catch
of the fishery (kg), days spent fishing, number of trawls, duration
of trawls, geographic positions of trawls (latitude in °S), depth of
trawls and substrate type.

The data were added to the field data and analyzed on annual,
monthly, and seasonal timescales. Analyses were also performed
during the open and closure periods (currently from March to May)
of the shrimp fishery, taking into account changes in legislation that
occurred in 2001 (MMA, 2001).

For the pot-and-trap fleet, only data from May 2006 to April
2007 were analyzed, as the Propesq database does not include slip-
per lobsters from that fleet. The catch (of both Scyllarides and all
species), latitude, depth, substrate type, effort, immersion days,
numbers of vessels and landings were analyzed on monthly and
seasonal scales.

Catch data for the industrial fishery of the state of Santa Catarina
were provided by UNIVALI-GEP (www.univali.br/gep).

Both the trawl and pot-and-traps fleets that land in the Santos
region cover the whole known area of distribution of slippers lob-
sters in the South Brazil Bight (Holthuis, 1991; Oliveira et al., 2008).
They are further representative of the regional fisheries and have
witnessed no major changes over the study period (Instituto de
Pesca, 2009). Therefore, the Catch per Unit Effort (CPUE) was con-
sidered meaningful as an index of the relative abundance of slipper
lobsters.

The CPUE of the trawl fleet was calculated using the ‘time of
hauling’ (the duration of the trawling) per fishing trip as a measure
of fishing effort. This variable was found to have the best fit in linear
regressions between catch and effort. For the pot-and-trap fleet, the
number of traps was selected as the best measure of fishing effort
after being informed by skippers and fishermen that pots are not
effective in the capture of the slipper lobsters. Calculations of CPUE
follow Sparre and Venema (1998) where:

Medium — sized double trawl : CPUE (kg/h)
= Total catch (kg)/Total fishing time (h)

Traps : CPUE (kg/trap) = Total catch (kg)/Number of traps

The CPUE of the trawl fleet was log-transformed and tested for
normality using the Shapiro-Wilk test (Zar, 1996, 1999). A general
linearized model (GLM) (Crawley, 2006) was used to determine
the significance level of the different factors (year, station, month,
latitude, depth and closure of fishery) that led to variations in the
CPUE. The GLM applied the following equation:

CPUE = U + @year + Bmonth + Vdepth + Sclosure + Eseason + Plac + €

where that’s a given, u is the intercept, ayea is the factor associated
with the year, Bnoneh is the factor associated with the month, Y gepen
is the factor associated with the depth class, d.josure i the factor
associated with the off-season for shrimp fisheries, €season is the
factor associated with the season, ¢, is the factor associated with
the latitude class and ¢ is the error relative to a normal distribution.
The above model assumes a normal gamma distribution in the CPUE
data based on the best fit of this distribution to the dataset.

Data analysis was performed using MS EXCEL, R 2.5.0 (Ihaka
and Gentleman, 1996) for statistical analysis, and SURFER® 2002
for mapping.
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Fig. 1. Illustration of the fishing gear: double-trawl (A) and bottom longline (with pots-and-traps arranged interchangeably and deposited on the substrate) (B). Also shown

are the sizes of these types of gear.

3. Results

A total of 1029 S. deceptor and three S. brasiliensis specimens
were identified in fishery landings. S. brasiliensis were found in the
autumn of 2006 in ships trawling at 45-130 m depths in the north-
ernmost region of the study area (23°30'S, 43°00'W to 24°19'S,
45°09'W). Comparing our results to the Scyllarides spp. distribu-
tion proposed by Melo (1999), it is likely that the data obtained by
Propesq from the trawl fleet primarily refers to S. deceptor. How-
ever, doubts remain as to whether the specimens monitored by the
database were identified and separated taxonomically; therefore,
this study will simply refer to them as Scyllarides spp. Specimens of
S. deceptor were detected in all months and were captured by both
trawling and pot-and-traps fleets between 23°00’S, 41°60'W and
26°65’S, 47°70'W at 40-220 m depth.

Tables 1 and 2 summarize the annual and monthly fishery infor-
mation for both fleets. Data were analyzed from 856 trawl cruises
where slipper lobsters were part of the catch. These cruises oper-
ated between 23°00'S,41°60'W and 29°65'S, 48°40’'W and at depths
of 15 and 350 m, and 206 of them were from the off-season for
shrimp fisheries. A total of 25 cruises from the pot-and-trap fish-
eries were registered as operating between 23°30’S, 44°10'W and
27°00'S, 47°50'W at depths between 60 and 110 m.

Fig. 2 shows the spatial distribution of the trawl fleet in the
period from January 1999 to April 2007. Both total fishing area and
locations where no slipper lobsters were captured (for May 2006
to April 2007) are indicated. Fig. 3 presents the annual variations in
fishing effort and catch for the trawl fleet. During the entire period
analyzed, the fleet included 109 vessels with a total of 182,813 h of
trawling. During the same period, the pot-and-trap fleet consisted
of 9 vessels with a total of 22,801 traps set for fishing.

The proportion of slipper lobsters in monthly catches was
low for both fleets. It varied from 0.20% (September) to 5.62%
(July) for the pot-and-trap fishery and from 0.52% (September)
to 1.17% (October) for the trawl fishery. The proportion of Scyl-
larides spp. in the annual catch by trawlers ranged from 0.07
(2007) to 1.96 (2001), with a slight decline from 2001 onwards
(Fig. 3).
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Fig. 2. Map of the spatial distribution of the trawl fisheries that caught slipper lob-
sters (Scyllarides spp.) during the period from January 1999 to April 2007 (Catch) and
of the fisheries that did not capture slipper lobsters between May 2006 and April
2007 (no catch).

Approximately 1.3 tons of S. deceptor were obtained by the pot-
and-trap fleet (Table 3) between January 1999 and April 2007, and
38.6tons of Scyllarides spp. were caught by the trawl fleet during
this period (Tables 1 and 2). In the state of Santa Catarina, these
fleets landed approximately 252 tons of S. deceptor between January
2000 and December 2007 (Table 4). Calculated CPUE for both fleets
shows a decrease in CPUE with increased fishing effort (Fig. 4).

Figs. 5 and 6 illustrate the spatial distributions of CPUE for slip-
per lobsters from each of the fleets. Of the 34 landings from the
trawl fleet between May 2006 and April 2007, a total of 18 vessels
did not catch slipper lobsters. They fished mainly between 24°00’S
and 26°00'S at a mean depth of 72 m (SD + 34.29), with only four
vessels fishing above or below these limits. Note also that 27 of the
landings occurred in the shrimp off-season at a mean depth of 57.6
(SD+23.66 m).
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Table 1
Annual data for landings, vessels, fishing effort and catch of Scyllarides spp. landed, with standard deviation, by the trawl fleet of Sdo Paulo State from January 1999 to May
2007 (data source: Propesq and this study).

Year Landings Vessels Effort (hours fished) Total catch (kg) Minimum catch (kg) Maximum catch (kg) Mean catch (kg) Std. dev. (kg)

1999 15 12 2,192 460 2 200 30.67 49.15
2000 16 11 2,908 1,423 10 300 88.94 106.54
2001 42 31 6,534 3,655 4 500 69.05 33.31
2002 14 14 2,894 1,573 4 400 112.36 129.23
2003 155 77 29,245 15,097 2 1.000 97.26 143.34
2004 270 76 60,059 7,709 2 300 28.82 25.02
2005 219 67 48,214 6,003 2 300 27.50 31.11
2006 112 42 27,467 2,667 2 100 23.60 21.26
2007 13 12 3,300 43 0.194 20 3.27 5.36
Total 856 109 182,813 38,630 0.194 1.000 45.00 78
Table 2

Monthly data for numbers of landings, vessels, fishing effort and catch of Scyllarides spp. landed, with standard deviation, by the medium-sized double trawl fleet in Sdo
Paulo State from January 1999 to May 2007 (data source: Propesq and this study).

Month Landings Vessels Effort (hours fishing) Total catch (kg) Minimum catch (kg) Maximum catch (kg) Mean catch (kg) Std. dev. (kg)

Jan 26 27 5,158 1,307 0.32 388 59.00 112.00
Feb 37 27 6,872 1,222 0.77 200 33.02 49.27
Mar 58 41 11,468 3,486 1 350 64.17 77.57
Apr 79 59 14,743 4,573 0.19 380 59.05 69.45
May 70 55 11,203 3,128 4 500 48.2 79.64
Jun 83 62 18,472 4,439 2 300 48.12 59.92
Jul 79 52 15,345 2,548 2 120 34.83 28.81
Aug 91 56 23,823 2,879 2 100 31.64 21.55
Sep 93 65 23,592 3,578 4 250 32.19 33.75
Oct 87 59 20,456 5,962 8 1.000 75.04 170.91
Nov 87 64 19,337 3,255 4 400 37.41 56.53
Dec 66 43 12,344 2,253 2 300 34.14 53.42
Total 856 109 182,813 38,630 0.19 1.000 45.00 78.00
Table 3

Numbers of landings, vessels, fishing effort, and landed catches of Scyllarides deceptor, with their respective standard deviations, by the pot and trap fleet of Sdo Paulo State
between May 2006 and April 2007 (data source: Propesq and this study).

Month Landings Vessels Effort (No./trap) Total catch (kg) Minimum catch (kg) Maximum catch (kg) Mean catch (kg) Std. dev. (kg)

Jan 2 1 1,920 23 5 18 11.50 9.19
Feb 2 2 805 40 4 36 20.00 22.62
Mar 3 3 3,720 67 7 40 22.33 16.62
Apr 1 1 3,900 88 88 88 88.00 -
May 2 2 1,740 408 8 400 204.00 277.18
Jun 2 2 846 7 2 5 3.40 2.25
Jul 4 3 3,600 554 1 523 138.50 6.36
Aug 3 3 1,354 62 10 32 20.66 11.01
Sep 1 1 750 4 4 4 4.00 -
Oct 1 1 1,200 8 8 8 8.00 -
Nov 3 2 2,840 18 4 10 6.00 3.46
Dec 1 1 126 19 19 19 19.00 -
Total 25 9 22,801 1,297 1 523 51.91 125.88
Table 4
Total catch of S. deceptor (kg) landed in Santa Catarina State from January 2000 to December 2007 by the medium-sized double trawl fleet (data source: UNIVALI-GEP).
Month 2000 2001 2002 2003 2004 2005 2006 2007 Total
Jan 425 1,560 7,404 148 923 103 327 1,060 11,950
Feb 3,647 4,199 6,747 1,079 893 1,922 1,558 4,799 24,844
Mar 4,871 8,851 8,226 2,003 165 3,934 4,721 1,840 34,611
Apr 2,640 12,071 19,053 2,228 1,993 5211 1,879 1,269 46,344
May 1,664 9,629 11,441 1,517 2,342 1,968 4,105 3,111 35,777
Jun 608 9,080 1,261 852 374 1,324 1,360 1,877 16,736
Jul 1,254 5,134 5,105 535 1,669 2,328 756 4,140 20,921
Aug 584 7,049 2,276 625 3,198 1,129 690 2,695 18,246
Sep 342 4,067 2,866 190 2,569 173 279 928 11,414
Oct 178 1,154 4,915 221 1,562 1,192 190 53 9,465
Nov 1,660 281 1,380 386 166 930 36 299 5,138
Dec 2,571 7,759 1,383 1,110 425 540 599 1,014 15,401

Total 20,444 70,834 72,057 10,894 16,279 20,754 16,500 25,092 252,854
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The CPUE of the pot-and-trap fleet varied mainly as a function
of the area fished (Fig. 6). Figs. 6 and 7 illustrate that the areas
with greatest CPUE values were similar for both fleets. The most
productive area was the area known by local fishers as “Farol do
Boi” (24°01'S, 45'00'W to 25’00'S, 45’'40'W, between 60 and 135m
depth).

Fig. 7 presents the values of CPUE for the pot-and-trap fleet
as a function of latitude, depth, season and duration of sub-
mergence of the traps. At “Farol do Boi”, the CPUE values were
greatest at depths of 90-100m and around 24°50'S latitude
(Fig. 7A and B). In the autumn, the season with highest observed
CPUE, the fleet was also concentrated in this area (Fig. 7C).
No clear relationship was observed between the number of
days the traps were submerged and CPUE, although a period of
7-10 days appears to be most effective for capture in general
(Fig. 7D).
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To formulate a general linearized model (GLM) for the trawl
fleet catches between January 1999 and April 2007, a logarith-
mic function was applied. The logarithm was necessary due to
the asymmetric distribution of CPUE frequencies (Fig. 8). Diagnos-
tic images of the dispersion of the deviance residuals and of the
envelopes for the component of the deviance (Fig. 9) show a ten-
dency for a homogeneous distribution. However, the normality test
showed a non-normal distribution of the log-transformed CPUE
data (SW: p=1.263E—11). The overall correlation coefficient (r?)
of the model was 52%, which is interpreted as a good explicative
value (Crawley, 2006).

Tables 5 and 6 demonstrate that the year, month and depth
of fishing were the dominant factors that significantly influenced
observed variations in CPUE for slipper lobster catches by the trawl
fleet (p<0.05). Figs. 10 and 11, along with Table 6, show details of
CPUE and the associated explanatory factors.

The year was the principal source of variation in CPUE (Table 5,
Fig. 11A). The model indicated that CPUE was significantly higher
during the years from 2000 to 2003 than in 1999, with relative
values of 161% (2000), 147% (2001), 122% (2002) and 138% (2003).
There was a significant drop in CPUE for 2007, with a relative value
of 95% (Fig. 10, Table 6).

The month was also significant in the model (Table 5). June was
97% more efficient than January. January was in turn 74% more effi-
cient than May, though this result was not significant (Fig. 11B,
Table 6). Also, depth proved to be an additional significant vari-
able in the model (Table 5). Deeper waters (300 m class) were less
efficient than shallower waters (50 m) (Table 6). The largest CPUE
occurred between 50 and 100 m depth (Fig. 11C).

The off-season for shrimp fishing currently runs from March 1st
to May 31st (MMA, 2001) and did not significantly influence the
model (Table 5). From 1999 to 2001, the mean CPUE was slightly
greater in the off-season, while from 2003 to April of 2007, there
were no major differences in CPUE between the closed and open
fishing seasons (Fig. 11D).

Neither season nor latitude was significant for the model. As
shown in Table 5, these factors did not generate changes in the
CPUE of slipper lobster fisheries. However, the CPUE was higher in
spring (Fig. 11E) and at latitudes near 24.5°S, shaped by the relative
abundance of Scyllarides in the “Farol do Boi” (Fig. 11F).

4. Discussion

The exploitation patterns of slipper lobsters in the South Brazil
Bight by two different fleets show some vulnerability of such pop-
ulations to fishing pressure rather than a sustainable by-product
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the pot-and-trap fleet from May 2006 to April 2007.
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the years between January 1999 and April 2007.
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Fig. 5. (Continued ).

optimization. Slipper lobster populations decline even with lim-
ited fishing effort, raising global concerns about their situation. The
lack of fishery management measures aimed at bycatch has often
been associated with information gaps in fisheries biology. Many
species remain unreported in fishery statistics and are therefore
unregulated. This failure has resulted in a decline in the abun-
dance and distribution of numerous species of crustaceans due to
over-exploitation to which they are exposed (Spanier and Lavalli,
2007).

A fundamental understanding of the distribution of slipper lob-
sters is a first issue. Previous records of Scyllarides sp. in Brazil
reported a bathymetric distribution between 20 and 40 m deep for
S. brasiliensis and from 45 to 300 m deep for S. deceptor (Melo, 1999;
Holthuis, 1991). In this study, S. deceptor catches were more typ-
ically associated with depths between 270 and 320 m. Oliveira et
al. (2008) recorded S. deceptor specimens up to depths of 420 m in
the Brazilian state of Santa Catarina. The deeper extent of slipper
lobsters in the South Brazil Bight could lead to the discovery of new
fishing areas. The limited occurrence of S. brasiliensis and the dis-
tribution limits proposed by Melo (1999) suggest that this species
is more prevalent to the north of our study area, while S. deceptor is
more common in southern Brazil. The latter appears to have more a
sub-tropical distribution and does not occur in the warmer regions
of Brazil (Holthuis, 1991).
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Fig. 6. Map of the spatial distribution and CPUE (kg/trap) of the pot-and-trap fish-
eries that caught the slipper lobster Scyllarides deceptor during the period from May
2006 to April 2007. Open circles represent locations where slipper lobsters were
caught in octopus pots.

In fact, the state of Santa Catarina, which is further south than
Sdo Paulo, is the largest producer of slipper lobster in Brazil, mainly
because the fishing effort there is much greater than in other States
(Perez and Pezzuto, 2006; Gep, 2009; Oliveira et al., 2008). In Sdo
Paulo, the market for this lobster has become increasingly attractive
due to both fluctuations in the landings of octopuses (Tomas and
Avila-Da-Silva, 2005; Instituto de Pesca/SP, 2008) and the decline of
shrimp stocks (D’Incao et al., 2002). Some ship owners and skippers
of those fleets have demonstrated great interest in adapting their
vessels to directly target slipper lobsters as a new commercial catch
(Tomas et al., 2006; Oliveira et al., 2008).

Whether this species can withstand increased fishing effort is
a central issue that needs to be addressed. In this study, the rel-
ative abundance of slipper lobsters decreased while fishing effort
increased, indicating that a future increase in effort would not lead
to an equivalent increase in catch and may even adversely affect
overall stocks.

S. deceptor shows a late maturity (25cm of total length), and
a large proportion of the specimens caught by trawlers in Santa
Catarina were females (92%) (Oliveira et al., 2008), suggesting that
the impacts of fishing on the lobster population may be too severe
to be sustainable (King, 1995; Sparre and Venema, 1998).

Avery similar situation appears to occur in Sdo Paulo. Our anal-
ysis of the trawl fishery throughout the area (between 23°00 and
29°65’S) shows that the relative abundance of slipper lobsters have
declined following a high total catch in 2003 possibly limiting the
recruitment (Fonteles-Filho, 1989; King, 1995; Sparre and Venema,
1998).

It is important to note that depensatory mechanisms are likely
to occur in lobster species with reduced population densities due
to the low mobility of adults (Liermann and Hilborn, 1997). Such an
‘Allee effect’ (Allee, 1931) can reduce both fertilization (due to the
difficulty of finding mates) and survival (due to predation expo-
sure) and can prevent stocks from recovering even after fishing is
terminated (Myers et al., 1995). Thus, maintaining spawning stock
at sustainable levels is necessary to avoid the overfishing of lobster
populations.

Natural shelters present a partial solution to this prob-
lem if properly protected. This study has shown that the area
known as “Farol do Boi”, which is not recommended for trawl-
ing (Figueiredo and Madureira, 2004) and shows low octopus
yields (Tomas et al., 2006), showed a relatively large concen-
tration of slipper lobsters. All interviewed skippers confirmed
such patches. According to the professional fishers, the increased
lobster population density in Farol do Boi is due to the char-
acteristics of the local substrate, distinct of the sandy and silty
adjacent areas. This area has a strong steep, with shells, and the
presence of two spots of sand bottom and slabs of sandstone



LF.A. Duarte et al. / Fisheries Research 102 (2010) 141-151

148
g —_ e —
° i (A) S 1 ®
— ™ H — ™
[} s ] H o 4
E° e £°
) : )
3 4
—~ o~ ~ N
w o] w o
D ° =2 o
o ° o !
o _ o _ ;
o o ] f—
o | = = 0| == =—r= Q _——
o T T T T T T o T T T T T T
24 245 25 2565 26 27 60 70 80 90 100 110
Latitude class (°S) Depth class (m)
=] — ¥ - °
S ! z © = ° (D)
—_ E —~ ™M
g S | g S’
=) i S
- o | H f.f o
w o w o
o e = o
o ; . o °
O _ ' ©
o | o o | -
o | =3 — ST ————— | e
o T T o T T T
1 2 3 4 5 v 10 20
Season Days of trap immersion

Fig. 7. Median, quartiles (Q1 =lower quartile, cuts off lowest 25% of data and Q3 =upper quartile, cuts off highest 75% of data) and amplitude of CPUE for slipper lobster
catches by the pot-and-trap fleet between May 2006 and April 2007 analyzed by: latitude class (A); depth class (B); season (C; 1=summer, 2 =autumn, 3 = winter, 4 = spring);
and the number of days traps were immersed (D). Divide the sorted data set into four equal parts (25, 50, and 75%) so that each part represents one fourth of the sampled

population.

(A) ; 1| — Observed (B)
e | — Normal
“ |
=}
2 o =
@ - @
S 5 oL
o o “
0
o pl
o
e [ = o
o T T T T T T o T T T T T T
0 1 2 3 4 6 -8 -6 -4 -2 0 2

CPUE (kg/h) CPUE (kg/h)

Fig. 8. Densities in the frequency distribution of CPUE data (kg/h), displayed linearly (A) and log-transformed (B), of the slipper lobster catch by the trawl fleet between
January 1999 and April 2007. A normal distribution is also shown.

Table 5
Deviance analysis for the General Linear Model, based on a gamma distribution with logarithmic connection, adjusted for CPUE values of slipper lobsters captured by the

trawl fleet from January 1999 to April 2007. The asterisks indicate the level of significance, where: “***” high; “**” intermediate, and “*” low.

Factors Gl Deviance Gl. resid. Dev. resid. I Pr (>F)

Null 855 1135.92

Year 8 334.48 847 801.45 454.664 <2.2x 10716 e
Month 11 29.26 836 77218 28.930 0.0009553 o
Depth 4 9.68 832 762.5 26.320 0.0331671 *
Closure 1 2.81 831 759.69 30.551 0.0808611

Latitude 13 9.26 815 749.45 0.7742 0.6881615

Season 3 0.98 828 758.71 0.3569 0.7841321
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(Figueiredo and Tessler, 2004). The latter seem to provide nat-
ural refuges and may be used diurnally as shelters for slipper
lobsters of the genus Scyllarides (and potentially others) (Spanier
and Lavalli, 2006). These features provide protection against diur-
nal predators (such as fish and perhaps octopuses) (Barshaw and
Spanier, 1994). The distribution of this lobster likely depends on
the availability of hard shelters with horizontal covers, sufficient
size and an adequate number of openings. These factors appear to
explain the increased abundance of slipper lobsters in “Farol do
Boi” relative to open areas where the soft substrate supplies no
shelter.

Previous studies have reported that similar rocky outcrops are
preferred by S. latus in the Azores and Mediterranean Sea (Spanier
et al.,, 1988; Martins, 1985; Spanier and e Almog-Shtayer, 1992;
Barshaw and Spanier, 1994; Spanier and Lavalli, 1998; Lavalli and
Spanier, 2001; Lau et al., 2009), S. astori in the Galapagos islands
(Hearn, 2006), S. aequinoctialis and S. nodifer in Florida (Sharp et
al., 2007) and S. squammosus and S. haanii in Hawaii (Dinardo and
Moffitt, 2007).
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Fig. 10. Mean annual CPUE (continuous horizontal line) with variation in mean
annual CPUE shown by standard deviations (continuous vertical line) and total catch
(histogram) during each period for slipper lobsters caught by the trawl fleet between
January 1999 and April 2007.

Table 6

Coefficients of the General Linear Model, based on a gamma distribution with logarithmic connection, adjusted for CPUE values of slipper lobsters caught by the medium-sized

double trawl fleet from January 1999 to April 2007. The asterisks indicate the level of significance, where: “***” high; “**” intermediate, and “*” low.

Category Value Standard err. Value t P (>t) %
Constant -2.14391 0.37108 -5.777 1.08E—08***

2000 0.96148 0.39631 2.426 0.01548* 161.56
2001 0.90704 0.29489 3.076 0.00217** 147.70
2002 0.79869 0.37701 2.118 0.03444* 122.26
2003 0.86720 0.26580 3.263 0.00115** 138.02
2004 —0.13652 0.26113 —-0.523 0.60126 -12.76
2005 —0.22363 0.26334 —-0.849 0.39601 —20.04
2006 —0.38899 0.27058 —1.438 0.15092 -32.23
2007 —3.18541 0.38919 —-8.185 1.05E—15*** -95.86
February 0.19429 0.25488 0.762 0.44613 21.44
March —0.94241 1.03147 -0.914 036116 -61.03
April —0.92035 1.03858 —0.886 0.37579 —60.16
May —1.38604 1.03070 —1.345 0.17908 —74.99
June 0.67989 0.29663 2.292 0.02216* 97.37
July 0.37566 0.32086 1171 0.24203 45.60
August 0.47886 0.31874 1.502 0.13338 61.42
September 0.25065 0.30079 0.833 0.40493 28.49
October 0.46839 0.30548 1.533 0.12559 59.74
November 0.26676 0.30126 0.885 0.37616 30.57
December 0.29838 0.27633 1.080 0.28054 34.77
Depth 100 m 0.05874 0.08460 0.694 0.48766 6.05
Depth 150 m 0.02499 0.14778 0.169 0.86575 2.53
Depth 200 m —0.24360 0.98658 -0.247 0.80504 -21.62
Depth 300 m —1.45998 0.50058 -2.917 0.00364** —-76.78
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Our findings suggest that mitigating measures should be imple-
mented to protect and recover the stock of slipper lobsters between
23°00 and 29°65'S. Initial measures should include:

e Limiting the use of traps by octopus fisheries since the majority
of the octopus catches occurs in pots. Using only this more selec-
tive type of equipment would protect part of the slipper lobster
population without negatively impacting octopus fishing; and

e The creation of a fishery trawling exclusion zone or protected area
at “Farol do Boi”. According to Sekiguchi et al. (2007), members
of the Scyllarides genus are able to remain in the water column as
phyllosoma larvae for many weeks or even months. Considering
S. deceptor behaves similarly, even without knowing the partic-
ular larval development of the species, but the regional ocean
dynamics (Castro et al., 2006), we suggest that this area could act
as a rich source of this species, exporting larvae to areas where
they can eventually be collected by fishers.

Further studies are clearly still necessary, especially those
addressing the life cycle and current populations parameters of
slipper lobsters in order to understand reproduction, mortality,
growth, recruitment and stock identities and levels. Nonetheless,
the two strategies recommended above might provide the first
steps necessary for protecting the stocks.

It is also evident that a worldwide debate is needed concerning
the proper management techniques for the sustainable removal
of Scyllaridae from the marine environment. Given this context,
the detection of slipper lobster fishing patterns and the evidence
of a decrease in the relative abundance of S. deceptor presented
here may contribute to further understanding of the vulnerability
of these populations.

Acknowledgments

We thank all the skippers, fishers, and dock workers at land-
ings who provided essential information for this study and who



L.F.A. Duarte et al. / Fisheries Research 102 (2010) 141-151 151

we expect might be interested in the sustainability of the slipper
lobster fishing. We thank the Instituto de Pesca (Santos, Sdo Paulo)
for allowing us access to their database and acknowledge several
colleagues for their input and help. The contribution of two anony-
mous reviewers is greatly appreciated and substantially improved
this article.

References

Allee, W.C., 1931. Animal Aggregations: A Study in General Sociology. University of
Chicago Press, Chicago.

Barshaw, D.E., Spanier, E., 1994. Anti-predator behaviors of the Mediterranean slip-
per lobster Scyllarides latus. Bull. Mar. Sci. 55 (2+3), 375-382.

Burton, T.E., Davie, P.J.F., 2007. A revision of the shovel-nosed lobsters of the
genus Thenus (Crustacea: Decapoda: Scyllaridae), with descriptions of three new
species. Zootaxa 1429, 1-38.

Castro, B.M., Lorenzzetti, J.A., Silveira, I.C.A., Miranda, L.B., 2006. Estrutura Termo-
halina e Circulacdo na Regido entre o Cabo de Sdo Tomé (R]) e o Chui (RS),
Chapter 1. In: Rossi-Wongtschowski, C.L.B., Madureira, L.S.P. (Eds.), O Ambiente
Oceanografico da Plataforma Continental e do Talude na Regido Sudeste-Sul do
Brasil. Universidade de Sdo Paulo, pp. 11-120.

Coelho, P.A., Dias, A.F., Oliveira, G.M.O., Pontes, A.C.P., 1996. Estudo comparativo da
pesca de lagostas com covos, redes de espera e mergulho no estado de Pernam-
buco. Bol. Tec. Cient. CEPENE, Tamandaré 4 (1), 173-196.

Crawley, M.J., 2006. Statistics, An Introduction using. R. Imperial College London,
UK, p. 327.

De Leo, F.C,, Pires-Vanin, A.M.S., 2006. Benthic communities under the influence of
the south atlantic central water intrusion onto the Brazilian SE shelf: a compar-
ison of an upwelling and a non-upwelling ecosystem. J. Mar. Syst., 17p.

Dinardo, G.T., Moffitt, R.B., 2007. The northwestern Hawaiian Islands lobster fishery:
a targeted slipper lobster fishery Chapter 12. In: Lavalli, K.L., Spanier, E. (Eds.),
The Biology and Fisheries of the Slipper Lobster. CRC Press, Taylor e Francis
Group, Crustacean Issues, Boca Raton, pp. 243-261.

D’Incao, F., Valentini, H., Rodrigues, L.F., 2002. Avaliacdo da pesca de camardes
nas regides Sudeste e Sul do Brasil (1965-1999). Atlantica, Rio Grande 24 (2),
103-106.

FAO, 2009. United Nations Food and Agriculture Organization. http://www.fao.org.

Figueiredo, A.G., Madureira, LS.P., 2004. Topografia, composicdo, refletividade
do substrato marinho e identificagdo de provincias sedimentares na Regido
Sudeste-Sul do Brasil. Série Documentos Revizee-Score Sul. Revizee Geological
2.p. 64.

Figueiredo, A.G., Tessler, M.G., 2004. Topografia e composi¢do do substrato marinho
da Regido Sudeste-Sul do Brasil. Série Documentos Revizee-Score Sul. Revizee
Geological. p. 64.

Fonteles-Filho, A.A., 1989. Recursos Pesqueiros: biologia e dindmica populacional.
Fortaleza, Imprensa Oficial do Ceara. p. 296.

GEP/Univali, 2009. Grupo de estudos pesqueiros da Universidade Vale do
Itajai. Estatistica pesqueira Industrial de Santa Catarina. Disponivel em:
http://www.univali.br/gep. Acess: 25 may 2009.

Hearn, A., 2006. Life history of the slipper lobster Scyllarides astori, Holthuis 1960,
in the Galapagos islands, Ecuador. J. Exp. Mar. Biol. Ecol. 328, 87-97.

Holthuis, L.B., 1995. Revision of the Family Scyllaridae (Crustdcea, Decapoda
Macrura) I Subfamily Ibacinae. Zool. Verh 21 (8), 3-96.

Holthuis, L.B., 1991. FAO Species Catalogue: Marine Lobsters of the World. FAO, 13
(125). p. 292.

Ihaka, R., Gentleman, R., 1996. R: a language for data analysis and graphics. J. Comput.
Graph. Stat. 5 (3), 299-314.

Instituto de Pesca/SP., 2008. Estatistica pesqueira. http://www.pesca.sp.gov.br/.

King, M., 1995. Fisheries Biology, Assessment and Management. Fishing New Books.
Blackwell Science Ltd., Oxford, p. 341.

Lau, S.T.F., Spanier, E., Meyer-Rochow, V.B., 2009. Anatomy and ultrastructural
organization of the eye of the Mediterranean slipper lobster, Scyllarides latus:
preliminary results. N Z J. Mar. Freshw. Res. 43, 233-245.

Lavalli, K.L., Spanier, E., 2001. Does gregariousness function as an antipredator mech-
anism in the Mediterranean slipper lobster, Scyllarides latus? Mar. Freshw. Res.
52,1133-1143.

Lavalli, K.L., Spanier, E., 2007. Introduction to the biology and fisheries of Slipper
Lobsters, Chapter 1. In: Lavalli, K.L., Spanier, E. (Eds.), The Biology and Fisheries

of the Slipper Lobster. CRC Press, Taylor e Francis Group, Crustacean Issues, Boca
Raton, pp. 3-21.

Liermann, M., Hilborn, R., 1997. Depensation in fish stocks: a hierarchic Bayesian
meta-analysis. Can. ]. Fish. Aquat. Sci. 54, 1976-1984.

Martins, H.R., 1985. Biological studies of the exploited stock of the Mediterranean
locust lobster Scyllarides latus (Latreille, 1803) (Decapoda: Scyllaridae) in the
Azores. J. Crust. Biol. 5 (2), 294-305.

Melo, G.AS., 1999. Manual de Identificacio dos Crusticeos Decapoda do
Litoral Brasileiro: Anomura, Thalassinidea, Palinuridea Astacidea. Editora Pléi-
ade/FAPESP. Universidade de Sao Paulo, p. 551.

MMA, 2001. Portaria Ministério do Meio Ambiente n(74, de 13 de fevereiro de 2001.
Proibe a pesca de 1 mar¢o a 31 de maio dos camardes: rosa, sete-barbas, branco,
santana, e barba-ruga no Sudeste e Sul do pais.

Myers, R.A., Barrowman, N.J., Hutchings, J.A., Rosenberg, A.A., 1995. Population
dynamics of exploited fish stocks at low population levels. Science 269,
1106-1108.

Oliveira, G., Freire, A.S., Bertuol, P.R.K., 2008. Reproductive biology of the slipper
lobster Scyllarides Deceptor (Decapoda: Scyllaridae) along the southern Brazilian
coast. J. Mar. Biol. Assoc. United Kingdom, 8.

Paiva, M.P., Bezerra, R.C.F., e Fonteles Filho, A.A., 1971. Tentativa de avaliagdo dos
recursos pesqueiros do ne Brasileiro. Arq. Cién. Mar. 11 (1), 1-43.

Perez, ].A.A., Pezzuto, P.R., 2006. A pesca de arrasto de talude do sudeste e sul do
Brasil: Tendéncias Da Frota Nacional Entre 2001 E 2003. Boletim Do Instituto De
Pesca 32 (2), 127-150.

Santos, M.C.F.,, Freitas, A.E-T.S., 2002. Estudo sobre a lagosta sapata Scyllarides
brasiliensis Rathbun, 1906 (Crustacea: Decapoda: Scyllaridae) no litoral dos Esta-
dos de Pernambuco e Alagoas, Brasil. Bol. Tecn. Cient. CEPENE 10 (1), 123-143.

Sekiguchi, H., Booth, J.D., Webber, R., 2007. Early life histories of slipper lobster.
Chapter 4. In: Lavalli, K.L., Spanier, E. (Eds.), The Biology and Fisheries of the
Slipper Lobster. CRC Press, Taylor e Francis Group, Crustacean Issues, Boca Raton,
pp. 69-90.

Severino-Rodrigues, E., Hebling, N.J., Melo, G.A.S., Graca-Lopes, R., 2007. Biodiversi-
dade no produto da pesca dirigida ao lagostim Metanephrops rubellus (Moreira,
1903) no litoral do Estado de S3o Paulo, Brasil, com énfase a carcinofauna. B.
Inst. Pesca 33 (2), 171-182.

Spanier, E., e Almog-Shtayer, G., 1992. Shelter preferences in the Mediterranean slip-
per lobster: effects of physical properties. J. Exp. Mar. Biol. Ecol. 164, 103-116.

Spanier, E., Lavalli, K.L., 1998. Natural history of Scyllarides latus (Crustacea
Decapoda): a review of the contemporary biological knowledge of the Mediter-
ranean slipper lobster. J. Nat. Hist. 32 (6), 1769-1786.

Spanier, E., Lavalli, K.L., 2006. Scyllarides species, chapter 14. In: Phillips, B.F. (Ed.),
Lobsters: Biology, Management, Aquaculture and Fisheries. Part 2: Lobsters of
Commercial Importance. Blackwell, Oxford, UK, pp. 462-496.

Spanier, E., Lavalli, K.L., 2007. Slipper lobster fisheries—present status and future
perspectives, chapter 18. In: Lavalli, K.L., Spanier, E. (Eds.), The Biology and Fish-
eries of the Slipper Lobster. CRC Press, Taylor e Francis Group, Crustacean Issues,
Boca Raton, pp. 377-391.

Spanier, E., Tom, M., Pisanty, S., Almog, G., 1988. Seasonality and shelter selection
by the slipper lobster Scyllarides latus in the southeastern Mediterranean. Mar.
Ecol. Prog. Ser. 42, 247-255.

Sparre, P., Venema, S.C., 1998. Introduction to tropical fish stock assessment. Part 1.
Manual. FAO Fisheries Technical Paper 306/1. Food and Agriculture Organization
of the United Nations. pp. 200-203.

Sharp, W.C.,, Hunt, J.H., Teehan, W.H., 2007. Observations on the ecology of Scyllar-
ides aequinoctialis, S. nodifer, and Parribacus antarcticus and a description of the
Florida Scyllarides lobster fishery. Chapter 11. In: Lavalli, K.L., Spanier, E. (Eds.),
The Biology and Fisheries of the Slipper Lobster. CRC Press, Taylor e Francis
Group, Crustacean Issues, Boca Raton, pp. 231-242.

Tomads, A.R.G., Avila-Da-Silva, A.0.A., 2005. A pesca do polvo (Octopus vulgaris)
nas regides Sudeste e Sul do Brasil: histérico, tecnologia, operagdes de pesca,
produgdo e processamento. Centro APTA Pescado Marinho Instituto de Pesca.
Documento Interno. p. 17.

Tomads, A.R.G., Avila-DA-Silva, A.0.A., Haimovici, M., Vianna, M., Perez, ].A.A., 2006.
Monitoramento da Pesca de Polvos com Potes no Sudeste e Sul do Brasil. DOC
22 SCC CPG 04. Documento Interno, p. 12.

Williams, 1965. Marine decapod crustaceans of the Carolinas. U.S. Fish. Wildl. Serv.
Fish. Bull. 65 (1), 298.

Zar, ].H., 1996. Biostatistical Analysis, Third edition. Department of Biological Sci-
ences Northern Illinois University, p. 662.

Zar, ].H., 1999. Biostatistical Analysis, Fourth edition. Department of Biological Sci-
ences, Northern Illinois University, p. 664.


http://www.fao.org/
http://www.univali.br/gep
http://www.pesca.sp.gov.br/

	Slipper lobster (Crustacea, Decapoda, Scyllaridae) fisheries off the southeastern coast of Brazil: I. Exploitation patterns between 23°00´ and 29°65´S
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgments
	References


