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Abstract: Spiny lobsters (Family Palinuridae) are a popular seafood in Brazil. We 
characterize the fi shing activity and analyze the population of lobster species captured 
in the coast of the state of Rio Grande do Norte, Northeast Brazil. We monitored 
the landings of lobster fi shermen at the start of the fi shing season, from May 24 to 
November 21, in 2010, at Pirangi beach, the main landing point in the metropolitan area 
of Natal. The lobster fi sherman in the region use small vessels and a compressor to dive 
in artifi cial reefs known as marambaias. The artisanal fi shermen are engaged in several 
illegal practices and revealed a greater capture of lobsters categorized as small-sized 
for the market (11-13.95cm tail length). The capture area led to different fi shing pressures 
for each species. For P. laevicauda, fi shing pressure occurred for all size classes, while 
for P. meripurpuratus, pressure occurred partially, only for a few population cohorts. On 
regional scale, fi shing involved a demand-supply trade balance centered on the size of 
capture vs. abundance, regardless of the natural interespecifi c differences on body size 
and the preferential distribution area. Our results provide key information for future 
decision making involving the fi shing of spiny lobster.

Key words: Fishery activity, fishing technology, fisheries ecology, Palinuridae.

INTRODUCTION

Spiny lobsters (Decapoda, Palinuridae) are one 
of the most popular fishery resources in the 
world (Giraldes & Smyth 2016). More than 50 
years ago, Brazil started to regulate the fi shing 
of spiny lobsters (Madrid & Izquierdo 2013). In 
the 1960s, lobster fishing acquired industrial 
proportions leading to a fall in production over 
the following two decades. Artisanal fishing 
for export was encouraged by the Brazilian 
government and the fi shing industry in several 
coastal regions (Dias-Neto 2008). Lobster is 
one of the main items of the Brazilian balance 
of trade and the vast majority of landings are 

exported, totaling US$84,082,390.00 in 2010 
(Dias-Neto 2008, Oliveira et al. 2015, MDIC 2018).

High consumption and high prices in 
the international market together with poor 
management have increased fi shing pressure 
to inappropriate levels and caused the natural 
stocks of lobster to decrease gradually in each 
annual cycle (Igarashi 2007). Despite the lobster 
fi shing regulations on the Brazilian coast non-
compliance with these norms is threatening the 
species (Santana et al. 2016).

Lobster artisanal fi shing requires the use of 
different types of traps, some of which comply 
with the laws, such as cage traps, fi shing gillnets 
and artifi cial reefs (Madrid & Izquierdo 2013). 
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In many regions of Brazil, fishing frequency 
and effort are still unknown. Thus, the impact 
of artisanal fishing on the lobster population 
for each species is still unclear. Moreover, the 
last official fishery statistics were published in 
2010 (Dias-Neto 2017), which only increases the 
uncertainty management regarding the studies 
of lobster populations in Brazil.

Historically, research on lobsters in Brazil 
focuses primarily on their biological parameters 
(Ivo 2000, Silva et al. 2008, Cruz et al. 2013, 
Oliveira et al. 2015, Giraldes & Smyth 2016), effort 
control and fishery management (Ivo et al. 1995, 
Carvalho et al. 1996, Cavalcante & Furtado-Neto 
2012, Santana et al. 2015), fishery production 
(Ivo & Ribeiro-Neto 1996a,  Fonteles-Filho 2000, 
Duarte et al. 2010, 2011, Ivo et al. 2013, Madrid & 
Izquierdo 2013, Lima & Andrade 2017), and on 
lobster farming (Igarashi et al. 2000, Igarashi 
2007). These studies provide key information 
for the regulation of these lobster fisheries. 
However, we can highlight only a few studies 
that address the coast of the state of Rio Grande 
do Norte, such as a biometric research by 
Vasconcelos & Vasconcelos (1994) and a study 
on the monitoring of stationary lift net fishing 
(Ivo & Ribeiro-Neto 1996b).

Dias-Neto (2017) assessed the Management 
Plan for the Sustainable Use of Lobsters in Brazil 
(Plano de Gestão para o Uso Sustentável de 
Lagostas no Brasil) and stressed how economic 
power affects the management criteria of this 
resource, the limited incentives to monitor 
the population of the spiny lobster species, 
and the need to conduct updated ecological 
studies and studies on the exploitation status 
of lobsters. Native spiny lobsters (Panulirus 
meripurpuratus) and smoothtail spiny lobsters 
(Panulirus laevicauda) are the most marketed 
species in Brazilian commercial fisheries 
(Panulirus meripurpuratus sensu P. argus in 
Dias-Neto 2008, Santana et al. 2016), mainly in 

the North and Northeast regions, despite efforts 
of the academic community to create awareness 
regarding overexploitation since the late 1960s 
(Igarashi et al. 2000). 

The re-evaluation and description of the 
red lobster Panulirus meripurpuratus (Giraldes 
& Smyth 2016) in 2016 as a new species for the 
Brazilian coast invalidates a lot of information 
on the population ecology of the former taxon 
P. argus, which does not occur in Brazil. The re-
evaluated species P. meripurpuratus is native 
and endemic to the Brazilian coast and it can 
be found at several depths from shallow to 50m, 
mostly between 41m to 50m (Giraldes & Smyth 
2016). The smoothtail spiny lobster, P. laevicauda, 
is distributed throughout the Western Atlantic 
and occurs closer to the coast, at depths of 
around 30m and 40m (Melo 1999). Both species 
share similar geographical distributions and can 
be found in reefs, rocks, and seagrass banks. The 
new scenario calls for baseline studies on the 
population parameter and stock conditions of 
this new taxon in Brazil.

The present study aims to characterize the 
fishing activity and analyze the population of 
the spiny lobsters by an artisanal fishing fleet 
along the east coast of Rio Grande do Norte, the 
Brazilian state with the second largest production 
of lobster. In addition, we analyze the population 
structure of native spiny lobster Panulirus 
meripurpuratus and smoothtail spiny lobster, 
P. laevicauda, with data collected on arrival of 
the fishing fleet. Such data are key to establish 
measures that improve the management of this 
fishing resource on Northeast Brazil.

MATERIALS AND METHODS
Research site
Fishing data were collected on arrival of the 
lobster vessels on the east coast of the state of 
Rio Grande do Norte, Brazil, at the fishing port 
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of a region known as Pirangi (35°7›W, 5°59›S), 
located about 20km south of the metropolitan 
region of the state capital, Natal (Figure 1). 

In the region of Pirangi, sandstone reefs can 
be found from the beach line to the edge of the 
continental shelf at about 30km. This region is 
subject to tide variation and exhibits a partially 
immersed reef during low tide (Amaral 2006). 
In addition, bodies of reef, also of sandstone 
base, are located far from the coast (1 to 5km 
from the coast), with varied depth (10m to 50m). 
Currently, this region is the target of scientific 
research and environmental awareness projects 
geared toward creating a marine protected area, 
mainly due to the richness of its biodiversity 
and the need to organize use of the marine area 
to preserve natural resources (Oceânica 2020).

Fishery and vessel data collection
Data were collected between May to November 
2010, during the lobster fishing season. We 

interviewed fishermen and middlemen to obtain 
the following information: (a) type of fishing 
and equipment used, (b) average time of the 
fishing trip, (c) number of fishermen involved 
and their functions, (d) costs and payment of 
fishermen, and (e) most visited sites for lobster 
fishing. The vessels used for fishing lobsters 
were characterized and categorized based on 
whether or not they had been licensed by IBAMA 
(Brazilian  Institute of the Environment and 
Renewable Natural Resources). Vessels were 
described according to their size, hull material, 
motor power (HP), and storage of the lobsters 
on board, as suggested by Carvalho et al. (1996). 

Data collection on arrival of vessels
For each month, a subsample of 2000 specimens 
was previously determined to analyze population 
structure. When the total catch fell below the 
threshold of the subsample, all the individuals 
were sampled. Therefore, once vessels arrived 

Figure 1. Study area and sampling site of lobster Panulirus spp. on the eastern coast of Rio Grande do Norte.
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at the landing site and the subsample was 
depicted we measured the tail of each specimen 
and recorded its sex. In May, lobsters were 
identified and accounted for, but not sexed. In 
June, however, about 50% of them were sexed. 
Due to logistical issues with the fishermen who 
handle and allocate lobsters, it was not possible 
to record the sex of all the specimens in May 
and June of 2010. 

We measured the tail length (TAL) of each 
specimen using a 0.5cm precision caliper ruler, 
between the anterior edge of the first abdominal 
segment and the tip of the telson (Ivo et al. 1995), 
while the specimen was laid flat on a surface. 
Sex was identified by observing external sexual 
features, namely simple pleopods for males and 
double pleopods for females (Coelho 1962a, b). 
Ovigerous females were identified through the 
presence of eggs in the ventral portion of the 
abdomen.

Lobster  product ion was assessed 
considering the count (abundance) of tails by 
species and sex, according to the sales per size 
categorization used by the middlemen and 
fishermen: (a) “large lobsters”; specimens with 
tail length over 14cm, (b) “small lobsters”; tail 
length between 11 and 13.95cm, and (c) “tiny 
lobsters”; tail length under 11cm for P. laevicauda 
and under 12cm for P. meripurpuratus. Finally, 
we estimated relative count of tails based on 
occurrence of length categories at intervals 
of 1cm for each species, and 2cm for the sex 
assessment.

Statistical analysis
Tail length (TAL) values were initially tested for 
normality and homogeneity of variance using the 
Shapiro-Wilk (Shapiro & Wilk 1965) and Levene 
tests (Zar 2010). A Kruskal-Wallis test (Hollander 
& Wolfe 1973) was conducted to compare mean 
TAL values according to month, species, and sex, 
followed by a Dunn post-hoc to compare paired 

ranks (Dunn 1964). In the post-hoc test, the p 
value was adjusted using the “BH” method of 
Benjamini & Hochberg (1995). Skewness and 
kurtosis measures of distribution data for TAL 
category were determined for each species and 
sex, and then submitted to the Kolmogorov-
Smirnov test for two samples (Conover 1971). 
This test verifies whether the two datasets to be 
assessed have the same distribution according 
to the characteristics of position (skewness) and 
height (kurtosis) of the data distribution curve 
(Zar 2010).

The proportions of population categories 
for each species were analyzed separately 
considering time (months) and sales commercial 
category, using multinomial proportion tests 
(Goodman 1964). 

Then, we conducted a correspondence 
analysis (CA) to assess the proportions of 
population categories together against 
the fishermen’s sales commercial category 
considering length. CA is a statistical method 
that shows associations among contingency 
table levels. The associations found for the two 
variables (population categories per species and 
fishermen length categories) are summarized 
by the frequency of each cell in the table and 
then placed in a three-dimensional geometric 
space, so that the positions of each row and 
column are consistent with the associations 
of the table (Nenadic & Greenacre 2007). This 
procedure results in a broad and interpretable 
view of the multivariate data. Significant CA 
axes, which corresponded to a cumulative 
variation greater than 80%, were considered. 
In addition, we performed a permutation test 
(n = 999) to compute a probabilistic value of 
significance (p) for the observed associations. 
Graphic points related to the fishermen’s 
length categories were proportionally inserted 
according to their abundance of the contingency 
table, generating a clear visualization of the 
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association/abundance of each length group 
and the population categories per species.

Only data from June to November 2010 were 
used for statistical analysis. All analyses were 
performed using the R software (R Development 
Core Team 2009) with the aid of the “ca” package 
(correspondence analysis; Nenadic & Greenacre 
2007), “stats” (Kruskal-Wallis test; R Development 
Core Team 2009), and “PMCMR” (post-hoc test 
of Dunn; Pohlert 2016). In all analyses, we 
established a significance level of 5% (Zar 2010).

RESULTS
Characterization of fishing activities
During the study period, 16 vessels used for 
fishing of lobsters were registered in the beach 
of Pirangi, among which only 5 were licensed. 
Thus, about 70% of the vessels did not have 
permission to catch lobsters.

Lobster vessels in this region were defined 
as small, considering they had wooden hulls 
between 7m and 12m long (Figure 2a). The 
lobsters were stored on the deck of the vessel, 
on ice in Styrofoam boxes or, less commonly, in 
the vessel’s hold.

Lobster fishing occurred on daily trips and the 
catch was landed - only the fresh tails - directly 
to the middlemen. Lobster cephalothorax was 
discarded at sea, kept for the fishermen’s own 
consumption, or distributed in the community. 
Generally, lobster vessels departed for fishing at 
around 7:00am, and arrived back in the evening 
at the same location at high tide and on the 
beach at low tide.

This type of fishing was carried out 
frequently, varying according to weather 
conditions and whether the IBAMA inspection 
speedboat was there or not, since most of the 
vessels and the fishing gear did not comply with 
the law. Thus, on days of clear water and with no 
risk of on-site inspection, the fishermen went 

on daily trips from Monday to Saturday. When 
the water was murky and/or inspection agents 
were seen on-site, few or no vessels went out to 
fish on any day of the week.

Lobsters were caught mainly using diving 
compressors, in artificially built fishery sites, 
popularly known as marambaias or in natural 
fisheries, known by the fishermen as restinga 
(when they could not find any more lobsters at 
the marambaias, due to intense fishing in the 
first months of the lobster fishing season). An 
average of 16 and a maximum of 35 marambaias, 
at around 7.3 meters deep, were observed per 
day.

The marambaias were made using empty 
oil barrels purchased from resellers, who get 
them from chemical plants. The empty oil 
barrels were hammered and attached to wood 
pallets. The marambaias were placed in areas 
known as restingas, which consist of a flat-
bottom substrate made with gravel (rhodoliths 
of calcareous algae and tube polychaete). 

Figure 2. Artisanal fisheries of spiny lobster Panulirus 
spp. on eastern coast of Rio Grande do Norte. (a) Small 
vessel used in lobster fisheries in the Pirangi area; (b) 
Upper and (c) lateral view of the marambaias used to 
attract spiny lobsters. Photos: Mauro Lima.
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These structures provided artificial shelters for 
lobsters (Figure 2b, c). The fishermen marked the 
locations of the marambaias with GPS devices so 
they could return to the same spot and catch the 
lobsters 1 to 3 months later. Each vessel leader 
or ship owner had hundreds to thousands of 
marambaias out at sea to ensure satisfactory 
production during the fishing season.

The trip from landing site to the first fishing 
spot took around 2 hours, varying according 
to the distance of the fisheries and weather 
condition, especially the speed and direction 
of the wind. The fishing activity per trip (visiting 
all marambaias and fisheries in the restingas) 
lasted on average 5 to 6 hours.

Due to the small size of the vessels, fishing 
for lobster in Pirangi involved 4 to 5 fishermen, 
among which two were divers, one was a leader 
and one or two were mangueristas (persons 
in charge of loosening the rope and pulling it 
back, who also went diving when necessary). 
The leader, usually the oldest of all the men, 
was in charge of the work on board, including 
deciding the site, targeting fishing locations, and 
determining how long these operations would 
take. The other crew members (fishermen/
divers) were also overseen by the leader.

In the diving activity, compressors were 
connected to the engine of the boat to inject 
compressed air into 15 to 20 cylinders. Oxygen 
reached the divers through a hose. Two other 
fishermen – the mangueristas or hosemen - 
controlled the valves that regulated pressure 
and air volume.

The fishing operation was performed 
aboard the vessel and the divers went down to 
depths of around 10 to 40m. A diver checked the 
marambaias to see if there was a good number 
of lobsters. If so, he would then signal through 
the air supply hose to another diver to come 
down and help catch the lobsters.

While fishing, the diver used a fishing gaff, 
which they call a bicheiro (a wooden handle 
of approximately 50cm with a sharp metal 
hook on one end) to remove lobsters from 
the marambaia and trap the group for later 
collection with a rede de mangote (gill net). The 
gill net usually had a 5 to 7mm mesh diameter, 
floats on the upper edge and sinkers on the 
bottom to keep it open while the lobsters were 
being caught. Then, a cable was used to pull up 
the gill net with the lobsters to the surface, so 
that the hosemen (mangueristas) could collect 
them on-board the vessel. Each diver went 
through an average of 8 to 10 marambaias per 
dive, and would then undergo a procedure of 
decompression to return to the surface and be 
replaced by another diver.

After intense fishing activity (2 to 3 months), 
the marambaias were virtually empty, so they 
started diving in random areas looking for 
lobsters in natural grounds, which could be reef 
areas or on sand bars. On the sand bars, the 
fishing process was similar to the process used 
in the marambaias — a fishing gaff was used to 
drag the lobsters out of their natural shelters 
and a gill net was used to pull them up to the 
surface.

Most lobster production was landed at the 
end of the day to the middlemen and separated 
according to the categories of commercial 
sales (“large lobsters”, “small lobsters”, and 
“tiny lobsters”). The landings were weighed and 
stored in Styrofoam coolers with ice. The eggs of 
ovigerous females were removed with spoons. 
The middlemen paid each group of fishermen 
from each vessel on weekends according to 
their production. Half of the payment was given 
to the owner of the vessel and the other half 
was shared between all the fishermen who had 
participated in the trip. Some vessel owners 
participated in the fishing activity and they 
would receive half of the total production in that 
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trip, plus their portion of the other half that was 
shared between the fishermen.

During the research period, the “small 
lobster” was sold for R$35.00/kg (around U$20; 
dolar quotation 2010: R$1,75) by the fishermen 
and resold to the export companies by the 
middlemen for R$45.00/kg (about U$26.5). The 
“large lobster” was sold for R$45.00/kg (about 
U$26.5) by the fishermen and resold for R$55.00/
kg (about U$32.4) to the export companies. The 
“tiny lobsters”, those with tail length under the 
legally permitted length, were shared among 
the fishermen for their own consumption and 
partly sold to the middlemen. In the latter case, 
when much of the production consisted of tiny 
lobsters, the middlemen would pay R$15.00/kg 
of tail (about U$8.82/kg), which was sold in the 
local community, especially to tourists, owners 
of local bars, and restaurants.

The average cost of each fishing trip ranged 
between R$100.00 (about U$58.82) and R$150.00 
(U$88.23). Expenses included food and fuel. The 
ice used to keep lobsters cooled on-board the 
vessel was provided by the export companies.

Population structure of lobster catches
Spiny lobster fishing was allowed from May to 
November in 2010. During this period, 4,230 
lobster tails were measured in vessel landings, 
including 43.40% (n = 1,836) of native spiny 
lobster Panulirus meripurpuratus and 56.60% 
(n = 2,394) of Smoothtail spiny lobster P. 
laevicauda. The latter was the most captured 
species of lobster in all the months, except 
November. Both species showed abundance 
peaks in October (Figure 3a). The distribution 
of lobster tail length frequency varied from 8 to 
30cm. The 13.5cm length category was the most 
frequent for P. meripurpuratus, and the 12.5cm 
category was the most frequent for P. laevicauda. 
The frequency distribution of P. laevicauda 
was similar to a normal distribution; values of 

central tendency in the symmetrical plan of the 
curve and the sides (tails) in categories with 
decreasing values (normal curve, Zar 2010). P. 
meripurpuratus presented a similar distribution 
to an asymmetric curve to the right; values of 
central tendency in the symmetric plane of the 
left with an abrupt interruption in the higher 
categories (asymmetric curve, Zar 2010) (Figure 
3b).

The Kruskall-Wallis test showed significant 
differences for tail length in different months 
for the species and for month vs. species in 
each test run (Table I). Significant difference 
were found in most of the comparisons, except 
for June vs. July and November vs. July. (Table I). 

The percentages of ovigerous females 
caught during this research period were lower 
compared to males and non-ovigerous females 
for both species (3.33% Panulirus meripurpuratus 
and 14.50% P. laevicauda). A greater and lesser 
abundance of ovigerous females of P. laevicauda 
were recorded in October (n = 51) and November 
(n = 7), respectively. The ovigerous females of the 
species P. meripurpuratus were more abundant 
in October (n = 10) and least abundant in July (n = 
1). Ovigerous females were less abundant in the 
catches of P. meripurpuratus than P. laevicauda. 
Both species had similar temporal variability; no 
occurence in May and in the following months 
alternating abundance peaks (Figure 3c). The 
ovigerous females of P. meripurpuratus had a 
greater range-size distribution and catch peak 
(17.5cm) than P. laevicauda (13.5cm) (Figure 3d).

Lobster sex ratio was registered in 3,391 
individuals; 770 males and 780 females of P. 
meripurpuratus and 917 males and 924 females 
of P. laevicauda (0.99:1 males:females). As the 
months passed, the lobster sex ratio varied 
slightly from 0.75 to 1.17 (males: females) for 
P. meripurpuratus and from 0.77 to 1.14 for P. 
laevicauda (Figure 3e, f).
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Monthly variation in the size category was 
similar to that observed when all the data 
were assessed, with catch peaks in the same 
size categories, with little variation. However, 
in these cases, the numerical difference was 
not so relevant. Throughout the fishing season, 
we found that the sizes of lobsters decreased 
for both species with each passing month. 
Larger P. laevicauda lobsters (16-18cm and 18-
20cm) were caught in the initial months of 
the fishing season, from June to August, while 
smaller lobsters (14-16cm) were caught from 

September to November. The same occurred 
with P. meripurpuratus; lobsters that fit the 15-
17cm length category were mostly caught in the 
months of June and July, while from August to 
November the catching peaks fit the 13-15cm 
category (Figures 4 and 5). 

Sex ratio was similar in each month for 
each species separately (Kolmogorov-Smirnov 
test, p > 0.05). Exceptionally in October, when the 
highest number of catches occurred, males were 
more abundant than females for both species 
(Figures 4 and 5).

Figure 3. Artisanal 
fisheries of spiny 
lobster Panulirus spp. 
on eastern coast of 
Rio Grande do Norte. 
(a) Number of lobsters 
landed during the 
study months; (b) 
Number of lobsters 
landed in size classes 
of TAL (cm); (c) 
Number of ovigerous 
females landed during 
the study months; (d) 
Number of ovigerous 
females landed in 
classes of TAL (cm); 
(e) Frequency of 
occurrence (%) of 
males and females 
for P. meripurpuratus; 
(f) Frequency of 
occurrence (%) of 
males and females for 
P. laevicauda. TAL – 
Tail length.
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Species and sex proportions for the 
commercial sales categories had similar sex 
ratios for P. laevicauda, for which the “small 

lobster” category occurred the most. For P. 
meripurpuratus, the greatest amount of lobsters 
caught fit the “large” category, both for males 
and females (Table II). Mean vessel landings were 
mostly represented by the “small” category, with 
62.46% (P. meripurpuratus = 720; P. laevicauda = 
1,398). The “large” category accounted for 23.12% 
(P. meripurpuratus = 644; P. laevicauda = 140) 
and the “tiny” category accounted for 14.42% (P. 
meripurpuratus = 186; P. laevicauda = 303). 

Catches of P. meripurpuratus in the different 
commercial categories were quantitatively more 
homogeneous throughout the fishing season 
(Figure 6a). On the other hand, the “small” and 
“tiny” lobster categories of P. laevicauda were 
the most abundant (Figure 6b). In October, 
the month with the largest production of the 
season, “small” lobsters occurred the most for 
both species. The smoothtail spiny lobster (P. 
laevicauda) accounted for 70.00% of the total 
“small” lobsters caught, and P. meripurpuratus 
represented 80.37% of the total in the “large” 
category. “Small lobster” catches for P. 
laevicauda showed the highest proportion of 
landings in all the fishing months (Figure 6b). 
“Tiny lobsters” were more abundant in October 
for both species (21.83% for P. meripurpuratus 
and 27.19% for P. laevicauda). No specimen of 
the species P. meripurpuratus categorized as 
“tiny” was found in the vessel arrivals in June. 
In July, 1.41% of “tiny lobsters” of the species 
P. laevicauda and 98.59% of P. meripurpuratus 
were registered (Figures 6a and 6b). Fishing 
data of the commercial category “large lobster” 
mostly exhibited specimens (both males and 
females) of P. meripurpuratus. However, the 
“small” and “tiny” categories corresponded 
mostly to specimens (both males and females) 
of P. laevicauda (permutations = 999, X2 = 559.37, 
p < 0.001; Figure 6c).

Table I. Statistical summary from Kruskal-Wallis tests 
considering tail length as the dependent variable and 
group factors by Species, Month and Sex analyzed 
separately. Post-hoc evaluation only performed for 
the time factor Month; bold values indicate statistical 
significance (p <0.05). 

Kruskal-Wallis test for Tail Lenght

Source of 
variation

Chi-
square

Degree of 
freedom p value

Species 856.51 1 <0.0001

Month 318.31 5 <0.0001

Sex 4.0785 1 0.0434

post-hoc for Month

Peer-to-peer comparison p value

July x August 0.0718

June x August 0.1275

November x August 0.0662

October x August < 0.0001

September x August <0.0001

June x July 0.4509

November x July 0.4854

October x July <0.0001

September x July 0.0064

November x June 0.8157

October x June <0.0001

September x June <0.0001

October x November <0.0001

September x November <0.0001

September x October <0.0001
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Figure 4. Frequency distribution of tail length classes (TAL), per sampling month and intersexual comparison for 
the species Panulirus meripurpuratus.
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Figure 5. Frequency distribution of tail length classes (TAL), per sampling month and intersexual comparison for 
the species Panulirus laevicauda.
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DISCUSSION

More P. laevicauda were caught compared with 
P. meripurpuratus, proportionally. Although both 
species occur in overlapping areas in a large part 
of the continental shelf (Ivo 2000), P. laevicauda 
occurs preferably at 40m deep (Fonteles-Filho 
2000), while P. meripurpuratus is more abundant 
from 41m to 50m (Giraldes & Smyth 2016). 

Tail size patterns observed in this study 
may indicate the fishing occurrence in shallower 
areas. Lobsters of both species exhibit a 
positive relationship between depth and their 
mean body size (Ivo et al. 1995). We noted 
that frequency distribution per size category 
for P. meripurpuratus differed from that of P. 
laevicauda. 

Ivo (2000) points out that lobster fishing 
is carried out in shallow waters (~ 25m) using 
waiting fishing net, such as the gillnet (caçoeira). 
Because of the narrow and shallow continental 
shelf in this region (Short & Klein 2016), lobster 

fishing occurs from the tide region to depths of 
30 to 40m. In addition, the fishing technology 
used in the fisheries (mainly marabaias) limits 
the performance of lobster fishing to the range 
of 24.5m. Therefore, the sampled bathymetric 
amplitude of the lobster vessels covers the 
distribution of the two species. However, below 
the true demography abundance range recorded 
for P. meripurpuratus.

Based on the proportions of capture 
and different size category trends for each 
species herein, we conclude some aspects 
on the population structure considering size/
age (Sparre & Venema 1997) of the analyzed 
commercial lobsters on the Rio Grande do Norte 
east coast. According to this pattern (1) fishing 
takes place at depths that span the co-occurrence 
of the two species, each with its peculiarities of 
abundance and average sizes and (2) the fishing 
area covers the whole range of bathymetric 
occurrence and, consequently, of body size, of 
the population of P. laevicauda. In contrast, (3) 

Table II. Multinomial proportions of the species collected, by sex, in the sampling months and according to the 
regional commercial categories.

Species / Sex sales 
categories Jun Jul Aug Sep Oct Nov

P. meripurpuratus / 
males

Large 48 Ab 10 Ac 41 Ab 22 Bc 90 Ba 94 Aa

Small 8 Bd 2 Bd 30 Ac 66 Ab 193 Aa 64 Bb

Tiny 0 0 2 Bc 10 Bb 89 Ba 1 Cc

P. meripurpuratus / 
females

Large 48 b 9 Ac 50 Ab 40 Bb 109 Ba 83 Aa

Small 0 4 Ac 23 Bc 81 Ab 181 Aa 68 Ab

Tiny 0 0 2 Cc 9 Cb 71 Ca 2 Bc

P. laevicauda / males

Large 4 Bc 1 Bc 16 Bb 12 Bb 43 Ca 5 Bbc

Small 102 Ab 35 Ac 52 Ac 95 Ab 277 Aa 109 Ab

Tiny 2 Bc 1 Bd 4 Cc 25 Bb 128 Ba 6 Bc

P. laevicauda / females

Large 8 Bb 2 Bc 6 Bb 4 Cbc 27 Ca 12 Bb

Small 131 Ab 32 Ad 68 Ac 96 Abc 293 Aa 108 Ab

Tiny 2 Bc 0 4 Bc 16 Bb 111 Ba 4 Bc
Same capital letters represent statistical equality (p> 0.05) in the same column (among commercial sales categories). Same 
lowercase letters represent statistical equality (p> 0.05) on the same row (within each sales category for months).
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this same area does not cover the whole extent 
of bathymetric occurrence and thus body size 
structure of the population of P. meripurpuratus 
(asymmetry to the right). (4) Since the values of 
abundance do not cover the entire population 
of P. meripurpuratus, these values do not reflect 
true demography (population underestimate). 

Therefore, we suggest that Panulirus spp. stocks 
on Rio Grande do Norte east coast could be 
affected if the presented fishing characteristic 
maintain over.

The impact of lobster fishing is aggravated 
by the concentration of fishing effort in shallow 
areas of the continental shelf, a region historically 

Figure 6. Artisanal fisheries of spiny lobster Panulirus spp. on eastern coast of Rio Grande do Norte by comercial 
sales categories. (a) Number of lobsters landed in commercial sales categories for P. meripurpuratus; (b) Number 
of lobsters landed in commercial sales categories for P. laevicauda; (c) Biplot of the correspondence analysis 
between the capture information according to the commercial sales categories vs. intersexual classification (P.mer 
– P. meripurpuratus, P.lae - P. laevicauda, M - male, F - female).
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known for the greater capture of P. laevicauda on 
the Brazilian coast (Santos & Ivo 1973, Fonteles-
Filho 1979, 1992). In general, the differences in 
mean tail length of the species was only 1cm 
(10mm). In surveys carried out previously, with 
collections near the isobath of 25m, the mean 
difference between the species was 4cm (Ivo et 
al. 1995, Ivo 2000). In addition, ovigerous females 
were significantly more abundant and reached 
a lower midpoint in the size category compared 
to P. meripurpuratus. Finally, the sex ratio for 
each species separately was 1:1, which agrees 
with data reported in a previous study in this 
same region (Ivo et al. 1995). 

The results of this study reveal an emerging 
concern about maintaining lobster stocks 
for both species. Two significant issues were 
identified: the first issue addresses the fishing 
pressure for all age groups and sexes of P. 
laevicauda. Lobsters of smaller sizes are less 
profitable per unit caught. Therefore, a greater 
number of small lobsters must be sold to make 
the same profit that would be made by selling 
larger lobsters. The second issue refers to 
the directional fishing pressure against some 
population cohorts of P. meripurpuratus. Larger 
lobsters generate higher financial yield per 
unit captured, thus, this fishing activity should 
be continued even with lower production, in 
comparison with P. laevicauda. In fact, data 
analyzed from the perspective of commercial 
size classification revealed a great proportion 
of P. laevicauda landings (higher proportion in 
the commercial categories “small” and “tiny”), 
which is more abundant and generates lower 
income per unit than P. meripurpuratus (higher 
proportion in the commercial category “large”). 
Therefore, the fishing scenario shown here 
reveals a balance of trade centered on the 
selective supply of lobster in a specific time 
of the year— larger lobsters are preferred in 
the initial months of the fishing season. Later, 

when the larger lobsters start disappearing, the 
fishermen give priority to small- and medium-
sized lobsters. In addition, the local demand 
favors the sale of “tiny” lobsters at lower prices 
offered by the middleman, which are then resold 
for much higher prices to the tourist industry.

Fishing has affected all the size categories 
of the population of P. laevicauda. In the 
medium and long term, fishing might also affect 
recruitment and the mean body size of the 
lobster population (Neves et al. 2013). Reducing 
a given population attribute – mean body size 
of the lobster population – may encourage new 
reproductive strategies to guarantee the survival 
of the offspring (Stearns 1976). Moreover, 
reducing the body size of lobsters at sexual 
maturity can indirectly reduce the fecundity 
of females. In males, it causes the production 
of lighter and smaller spermatophores in 
consecutive mating events, which, in turn, causes 
lower fertilization of oocytes (Butler et al. 2015). 
The fishing of P. meripurpuratus, on the other 
hand, showed a higher capture effort in specific 
population cohorts. Reducing individuals in 
specific population cohorts may limit the supply 
of individuals in the population that are capable 
of breeding. In both cases, lobsters can reach 
smaller mean body sizes compared to those from 
populations without fishing pressure. From a 
commercial perspective, this may involve a lesser 
financial yield per unit of fisheries and a lower 
numerical compensation (greater abundance 
to be captured) thus demanding greater fishing 
effort. Consequently, high numbers of catches 
in specific population cohorts may disrupt the 
maintenance of stocks. 

During their life cycle, lobsters form 
large groups that move short distances 
daily and randomly, but they also move long 
distances seasonally in search of suitable 
areas for breeding (Fonteles-Filho & Ivo 1980). 
The fishermen’s reports indicate that the 
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marambaias are installed in the depth range 
where there is relevant movement of lobsters. 
These fishing regions end up becoming shelters 
for local fish, thus increasing the capture effort 
per unit of time. Since the vessels occasionally 
can capture additional fish species as bycatch 
along with the lobsters. These locations include 
individuals that move in search of shelter 
for breeding events, which may justify the 
occurrence of ovigerous females. The amount of 
ovigerous females of P. laevicauda in June and 
October probably depict the two reproductive 
periods of this species. The first period starts 
in January and ends in June (or July) and the 
second occurs in October (Coelho 1962a, b). The 
capture range of this study favors the capture 
of non-ovigerous females, considering that the 
range of preference for the ovigerous females is 
40 to 50 meters deep (Fonteles-Filho & Ivo 1980). 

The highest values of tail length for ovigerous 
females compared to the non-ovigerous females, 
for both species, shows that the capture of 
ovigerous females possibly includes females 
that have already undergone a first sexual 
maturity. This stage occurs in P. meripurpuratus 
lobsters with tails of around 13cm long and 
in P. laevicauda lobsters with tails of 11cm, 
according to Fonteles-Filho (2005). According 
to legal norms (Decree n. 138, from December 
6, 2006, Brazilian Ministry of the Environment), 
for the purposes of inspection, the permitted 
tolerance is up to 2% of lobster biomass below 
the minimum permitted size in relation to the 
total biomass of landed lobsters. This tolerance 
is only acceptable when the difference in size 
of the smaller specimen outside the legal range 
(minimum acceptable size) and the smallest 
specimen within the legal range does not exceed 
2mm. The same normative statement forbids 
the fishing of lobsters by means of any kind of 
diving procedure.

The reduced number of lobsters sampled 
in July may be related to or justified by the 
presence of the agency that inspects lobster 
fishing (IBAMA). IBAMA is mostly active on 
the east coast of the state during this period. 
Their performance is essential because there 
are usually few vessels and the most common 
practice is by means of diving compressors, 
which is an illegal activity that deserves effective 
inspection. It should also be noted that since 
January 2007, the same decree prohibits the use 
of marambaias – in any material – as an auxiliary 
instrument to shelter living aquatic organisms.

On the last months of the fishing season 
(September and October), the capture of 
lobsters with tail sizes below the minimum 
legal size permitted increased, mainly of P. 
meripurpuratus. At the beginning of the fishing 
season (May), the catches increased regardless 
of the species and commercial classification. 

According to our observations, two possible 
reasons for the lack of concern regarding the legal 
minimum size permitted and/or indiscriminate 
capture of species in the east coast of the state 
of Rio Grande do Norte are (1) the social class 
of the fishermen and (2) the supply vs. demand 
ratio.

Alencar & Maia (2011), in a study on the 
socio-economic profile of Brazilian fishermen, 
concluded that 83.62% of artisanal fishermen are 
illiterate or have not finished primary school. For 
lack of choice, these people are often attracted to 
the fishing activity, thus adding to the paradigm 
of fishing and poverty (Alencar & Maia 2011). The 
low level of formal education among fishermen 
is common in Brazil and contributes to their 
precarious living situation and the permanence 
of their families and following generations in 
less favored economic classes (Tamano et al. 
2015). Silva (2014) pointed out that artisanal 
fishermen living in the northeast region are the 
poorest of Brazil. According to environmental 
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analysts, poverty and environmental protection 
are interdependent realities that need to be 
understood and addressed as a whole in order 
to find a more suitable solution (Silva et al. 
2014). If environmental degradation exacerbates 
the living and working conditions of the 
poorest populations, their poverty leads to the 
unsustainable exploitation of natural resources 
and creates a harmful cycle of environmental 
damage (Lima 1997, Salas et al. 2007). 

The now extinct Ministry of Fisheries and 
Aquaculture (“MPA”), under the influence of 
the political private sector, since its creation in 
2009, took measures that intensified this vicious 
cycle of resource exploitation and impoverished 
fishermen. The MPA increased fishing effort 
above the sustainable limit (40 million creels/
day), reduced fishing licenses for large vessels, 
and increased allowances for small sailing 
vessels, when it is known that 84% of fishing is 
practiced illegally with the use of gillnets and 
diving. In addition, it anticipated the opening of 
lobster fishing season by 11 days, which may have 
contributed to an increase of approximately 8% 
in fishing effort (Dias-Neto 2017).

The second reason may be due to the supply 
and demand ratio. The commercial aspect is 
already incorporated into the perception of 
the fishermen when they sell tails individually. 
Basically the fishermen differentiate the species 
by relative body size — P. meripurpuratus is 
identified because its body size is larger than 
P. laevicauda. The empirical categorization of 
the species directly affects their sales value 
by category of sale for export. Thus, fishermen 
apply such values based on categories and not 
on relative size (evolutionary allometry, sensu 
Cock 1966) of the species.

Inappropriate infrastructure for storing, 
processing, and marketing lobster generates 
the risk of contamination and depreciation 
of the price of lobsters (Gonçalves 2011). Such 

poor conditions force the fishermen to sell their 
product to middlemen, regardless of supply and 
demand, for derogatory prices. Apparently, this 
is a common market practice for the northeast 
coast of Brazil (Ceara state, Rodrigues & Maia 
2007; Paraiba state, Oliveira et al. 2009). The 
partnership these fishermen have with the 
middlemen ensures the necessary input for the 
fishing, but in the general context of the fishery 
production chain, it decreases their overall 
income (Santos et al. 2011).

Furthermore, at the very beginning of this 
productive chain, they are subjected to high 
stress due to the high risk of death. When 
diving with compressors, the risk of an accident 
increases exponentially with depth, and the 
slightest error during decompression, either 
from defective equipment and/or from physical 
effort, can cause decompression sickness and 
embolisms. Moreover, the imminent presence of 
environmental inspectors can further increase 
the stress factor of divers. Recently, Cavalcante 
& Miranda (2015) highlighted the results of 
an informal study carried out by the regional 
labor department of the state of Rio Grande do 
Norte, in which 86.4% of the diver fishermen 
have suffered at least one hyperbaric accident 
as a result of errors during decompression in 
fishing activities. In addition, two lobster fishing 
communities – from a total of 32 lobster fishing 
communities in Rio Grande do Norte – in the 
period of two years, registered 12 fatal cases of 
hyperbaric decompression.

Public policies for the national fishing 
activity, initiated in the second half of the 20th 
century, have mostly favored the industrial sector. 
However, they recklessly disregard the balance 
between economic and ecological aspects that 
are driving the fishing activity resources to over 
exploitation (Tursi et al. 2015). This process 
has mainly harmed artisanal fishermen, who 
are the weaker link of the productive chain of 
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lobsters, by breaking their social relations of 
production and, consequently, weakening and 
impoverishing them with scarce and precarious 
incentives (Costa 2014). In spite of the public 
policies for managing lobster fishing in Brazil 
(Madrid & Izquierdo 2013), the socio-economic 
condition of artisanal fishermen has never 
been the reason for investments in the sector. 
However, some strategies to maintain exports 
due to economic pressure led to the increased 
use of marambaias in 2009, which could have 
caused a drop in production in 2011 and 2012 
(Dias-Neto 2017).

The lobster fishery practices examined 
in the present study depict the patterns of 
fishing operation and production found in 
most municipalities with lobster producers in 
northeastern Brazil. Most of the vessels use 
illegal methods of fishing, catch lobsters that 
are smaller than the legally permitted size or 
that are ovigerous females, and increase the 
fishing effort at the beginning of the fishing 
season (R.G. D’Oliveira, unpublished data).

CONCLUSIONS

The fishing of lobsters on the east coast of 
the state of Rio Grande do Norte in Brazil is 
characterized as artisanal fishing with some 
illegal practices. Among them, the greatest 
concern is the predominant diving with 
compressors because it exposes the fishermen 
to a high risk of death and health issues and it 
affects lobster stocks. This type of fishing activity 
can be the most selective and sustainable kind 
provided the technical standards of safety in 
diving since the lobsters are selected in an 
environmental friendly manner. Norms must 
be improved for this type of demanding work, 
possibly by determining quotas of capture 
and ensuring effective inspection. However, in 

practice, most divers catch all the lobsters they 
find in the area of the fisheries, including the 
categories that are legally prohibited (specimens 
below the minimum size allowed and ovigerous 
females).

The vessels followed the same trend as 
observed all over the coast of Rio Grande 
do Norte (personal communication, CERDA, 
PVNA), namely small, unlicensed boats with an 
inadequate infrastructure to store and transport 
the species caught. Lobster production is 
marketed through a system of intermediation 
with middlemen. According to the data collected 
in this study, such a practice only increases 
the disorganized fishing activity on the coast, 
both for the native spiny lobster Panulirus 
meripurpuratus and for the smoothtail spiny 
lobster P. laevicauda. In contrast, intermediation 
is the only supply-demand tool the fishermen 
have to guarantee their profit and promote the 
fishing activity.

The most frequently captured category 
was “small” lobsters, mostly P. laevicauda. The 
bathymetric depth of capture ranged from 0 to 
40m, preferred by the smoothtail spiny lobster 
and partially by the native spiny lobster. The use 
of this bathymetric band for catching lobsters 
in the medium and long term might create 
directional variances for each species and 
both species may suffer population depletion. 
Temporally, the catches in the initial months 
indicated larger mean body sizes, while the later 
months in the fishing season exhibited lobsters 
with smaller body sizes on average. Such results 
were expected, considering the time of low 
fishing (closed season) between December 
and April. Although small-sized lobsters have 
registered both for P. meripurpuratus and for 
P. laevicauda, most of the specimens caught 
exhibited tail sizes permitted by law.
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