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Paralonchurus brasiliensis is one of the most common fish species found in the bycatch of shrimp trawling
in Sergipe. We analyzed its population structure through four sampling programs, two using hired shrimp
trawlers (2013-2014 and 2017-2018) and two from the commercial shrimp fleet (2015-2016 and 2018-2019).
The codend mesh size varied among programs (18, 20, and 21 mm). All specimens of P. brasiliensis were
identified and had their standard and total lengths (SL and TL; cm) and their total weight (TW; g) measured.
A total of 1509 specimens were collected measuring 4.7-22.9 cm TL and 0.4-114.8 g. About 67% of all
specimens were below the length at first maturity (14.7 cm). The length-length and weight-length
relationships estimated were TL=1.141+1.176xSL and TW=0.00270xTL33%%, respectively. The recruitment
probably occurs in September-October and May. This species appeared to be more abundant at 15 m, and
larger individuals were found at 5 m. Although P. brasiliensis is frequently caught in shrimp fisheries, it is
not reported in catch statistics. Here, for the first time, we have documented its presence in Aracaju’s market
under the categories ‘miunga’ and ‘pescadinha’ (97% adults), with the largest specimens landed and
commercialized as ‘pescadinha’ together with other species. Smaller individuals are probably discarded by
commercial fishers. The low selectivity of the fishing gear used leads to the capture of many juveniles, which
may impact the population dynamics of this species as well as other species found in the same fishing ground.
Keywords: banded croaker, sciaenids, bycatch

Paralonchurus brasiliensis é uma das espécies de peixes mais comuns na fauna acompanhante do arrasto de
camardo em Sergipe. NOs analisamos sua estrutura populacional através de quatro programas amostrais, dois
usando arrasteiros de camardo contratados (2013-2014 e 2017-2018) e dois da frota camaroneira comercial
(2015-2016 e 2018-2019). O tamanho da malha no saco da rede variou entre os programas (18, 20 e 21 mm).
Todos os espécimes de P. brasiliensis presentes nas amostras foram identificados e tiveram seus
comprimentos padréo e total (CP e CT; cm) e seu peso total (PT; g) medidos. Um total de 1509 espécimes
foi coletado medindo 4.7-22.9 cm CT e 0.4-114.8 g. Cerca de 67% dos espécimes estavam abaixo do tamanho
de primeira maturagdo (14.7 cm). As relagdes comprimento-comprimento e peso-comprimento estimadas
foram CT=1.141+1.176xCP e PT=0.00270xCT33%%, respectivamente. O recrutamento provavelmente ocorre
em setembro-outubro e maio. Esta espécie pareceu ser mais abundante em 15 m e 0s maiores individuos
foram encontrados em 5 m. Embora P. brasiliensis seja frequentemente capturada na pesca do camarao, ndo
é registrada na estatistica de captura. N6s documentamos aqui, pela primeira vez, sua presen¢a no mercado
de Aracaju nas categorias ‘miunga’ e ‘pescadinha’ (97% adultos), com os maiores espécimes desembarcados
e comercializados como ‘pescadinha’ junto com outras espécies. Individuos menores sdo provavelmente
descartados pelos pescadores comerciais. A reduzida seletividade da arte de pesca utilizada leva a captura de
muitos juvenis, o que pode impactar a dindmica populacional dessa espécie, assim como de outras espécies

encontradas na mesma area de pesca.
Palavras-chave: Maria-Luiza, cienideos, fauna acompanhante
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1. INTRODUCTION

Shrimps are one of the main commodities currently available in the fishery market. Their total
catch is usually small in relation to other groups, but their total value is high and ranked second in
the world trade in 2016 [1]. In Brazil, shrimp fisheries were responsible for about 7% of the total
catch of marine fisheries in 2011 [2] and their importance is even higher if the shrimp market value
is considered. In the state of Sergipe, shrimp catches occupy the top position in production, reaching
about 1292 tand 1 727 t in 2013 and 2014, respectively [3, 4]. There is an Executive Order issued
by the Fisheries Management Authority (Instrugdo Normativa MMA N°14/2004) currently in place
that establishes closed seasons for the shrimp fisheries in Sergipe state [5], but a recent study has
shown the need to readjust these closed seasons to protect shrimp stocks [6].

Despite the high economic importance of shrimp fisheries, there are impacts on benthic habitats
caused by capturing several non-target species referred to as bycatch, which includes juveniles of
many fish species of commercial interest, that are often discarded into the sea immediately after
being caught [7]. These negative impacts are exacerbated when trawling occurs in estuarine and
coastal zones, as these areas represent nursery grounds for many species including those of
commercial interest [8]. The low selectivity of fishing gears used in shrimp fisheries puts the local
biodiversity at risk [9].

The family Sciaenidae is one of the fish families that is most affected by shrimp trawling in
northeastern Brazil [10-12]. In Sergipe state, sciaenids also comprise the bulk of bycatch,
representing 35% of the total fish bycatch by weight [13]. This family includes approximately 290
species [14], from which 37 species inhabit coastal regions along the Brazilian coast [15].
Paralonchurus brasiliensis (Steindachner, 1875), known as ‘Maria Luiza’ or ‘cord’, is one of the
medium size sciaenids (commonly reaching 25 cm, with a maximum size of 30 cm) usually caught
in shrimp fisheries, ranking fourth among the eighteen sciaenids reported in the bycatch of shrimp
fisheries along the coast of Sergipe state [13]. This species occurs from Panama to southern Brazil
and usually inhabits muddy or sandy bottoms of estuarine and coastal habitats [15-17]. Its diet is
composed of marine invertebrates (e.g., worms and other benthic invertebrates) captured on the
seabed [18]. Paralonchurus brasiliensis can reproduce all year round, however reproductive peaks
are observed during the austral spring (October) and autumn (May) in Santa Catarina state [19].

Although P. brasiliensis is known to comprise part of the shrimp bycatch [13, 20], catch statistics
available for Sergipe state in 2010-2014 do not include this species recorded either individually or
associated with other sciaenids reported under a different common name [3, 4, 21-23]. Alcéantara
(2006) [24] recorded its occurrence in the estuary of the Sergipe River in 1980-1982 and 2004.
With the exception of data on length at first maturity and reproduction period available for the state
of Pernambuco [11], the entire northeastern region lacks information on natural history parameters
for P. brasiliensis. Thus, the main objective of this study was to analyze all available data of P.
brasiliensis from studies conducted along the coast of the state of Sergipe in order to understand its
local population structure and to reveal the occurrence of this species in the local market, despite
its absence from official catch statistical.

2. MATERIALS AND METHODS

The specimens of P. brasiliensis used in this study were derived from four sampling programs
of shrimp fisheries carried out along the coast of Sergipe state (Figure 1) during different periods
from 2013 to 2019. Details of each program are presented in Table 1. In all sampling programs,
many different fish species were caught, but only data from P. brasiliensis were selected to be
analyzed in this study. No sample was obtained during the closed shrimp season, with corresponds
to April 1st until May 15th and December 1st to January 15th [5], except for the sampling program
(1) (IBAMA/SISBIO Proc# n. 02070.001067/2013-96). Sample collection for program (3) was
obtained by license CEUA/UNISANTA N.03/2018.
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Figure 1: Map of Brazil indicating all states mentioned throughout this study. Sampling area in programs 2
and 4 of the shrimp commercial fleet (top right) and sampling points for two hired shrimp trawlers in
sampling programs 1 and 3 (bottom) are also presented.

Samples from program (1) were taken to the Laboratério de Ictiologia and samples from
programs (2) and (4) to the Laboratério de Ecologia Pesqueira, both at the Universidade Federal
de Sergipe in Sdo Cristovdo — Sergipe. Finally, samples from program (3) were taken to the Acervo
Zooldgico da Universidade Santa Cecilia in Santos — S&o Paulo. All specimens of P. brasiliensis
were identified [17, 18], separated and their standard length (SL, 0.1 cm), total length (TL, 0.1 cm),
and total weight (TW, 0.1 g) recorded. Specimens of P. brasiliensis are deposited in the Colecio
Cientifica Regional de Peixes da Costa da Mata Atlantica of the Acervo Zooldgico da Universidade
Santa Cecilia (AZUSC6011 and AZUSC6204).

Frequency distributions for total length were prepared for all specimens in each sampling
program to better understand the relation between what was landed and what was most likely
discarded. Additionally, length distributions per month were prepared in order to identify the
recruitment period for P. brasiliensis in Sergipe state. Total length was compared among isobaths
(5, 15, and 30 m) for sampling program (1) using a robust one-way analysis of variance (ANOVA)
due to non-normality and heteroscedasticity in the data [25]. A post hoc test on trimmed means was
applied using the lincon function available in R software — version 3.6.3. [26]. For sampling
program (3), a linear regression was fitted to length data and local depth (m) and its significance
tested using an ANOVA for regression. A relationship between the total length and standard length
was estimated for all sampling programs together to allow for comparison with other studies where
different length measurements were used (TL=a+bxSL).
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Table 1: Description of sampling programs (1) to (4), which were conducted in the coast of Sergipe from 2013 to 2019 using shrimp boats. All specimens of Paralonchurus
brasiliensis available in samples from these four sampling programs were separated and analyzed in this study. ‘Complete’ means shrimp plus bycatch.

Sampling . Gear Total number Sample
Period Boat (mesh size Depth
program . of samples features
in cod end)

1 September 2013 — Hired shrimp boat Double net 5,15,and 30 m 108 (12 months x 3 Shrimp and by-catch
August 2014 (18 mm) sampling points x 3 (complete)

(monthly, including isobaths x 1 boat)
closed seasons)

2 May 2015 — May 2016  Commercial shrimp boats Double net Not provided 48 (12 months x 4 boats) Shrimp and by-catch
(monthly, excluding (Pirambu — Sergipe) (21 mm) (complete; commercial
closed seasons) fishers provided 6 kg

samples from each boat)
From data also used in
Barreto et al. [13]

3 October 2017, Hired shrimp boat Double net Shallow (variable) 24 (4 months x 3 sampling ~ Shrimp and by-catch
February 2018, May (20 mm) Deep (variable) points x 2 depth zones) (complete)

2018, and July 2018
(excluding closed
seasons)

4 August 2018 — July Commercial shrimp boats Double net Not provided 20 (10 months x 2 Samples obtained from
2019 (monthly, (Aracaju — Sergipe) (21 mm) categories x 1 boat) fishes landed under 2
excluding closed categories: ‘miunca’ (3 kg)

seasons) and ‘pescadinha’(3 kg)
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A weight-length relationship (WLR) was estimated for all samples grouped using a power model
(TW=axTLP). Monthly WLRs for each sampling program (1-4) were also estimated looking for
seasonal changes. For the sampling program (3), we estimated WLRs per month using the same
data as those used by Barreto et al. (2018) [13] to estimate a single WLR for the entire year. For
the detection of outliers, a Bonferroni Outlier Test was used [27]. All tests were performed using
the R software — version 3.6.3. using a significance level of 5% [26].

3. RESULTS AND DISCUSSION

A total of 1509 specimens of P. brasiliensis were caught during the four sampling programs:
755 in the sampling program (1), 413 in (2), 208 in (3), and 133 in (4). The smallest individual was
4.7 cm long (TL) and the largest, 22.9 cm TL. The total individual weight ranged from 0.4 to 114.8
g. Around 67% of all sampled specimens were below the length at first maturity of 14.7 cm TL, as
estimated for P. brasiliensis off the coast of Pernambuco state [11]: 66.5% in the sampling program
(1) from a hired boat; 85.5% in the sampling program (2) from complete samples obtained from
commercial boats before discarding; 71.5% in the sampling program (3) from a hired boat; and 3%
from categories ‘miun¢a’ and ‘pescadinha’ in the sampling program (4) from landed catch of
commercial trawlers (Figure 2a-e). These results confirm the low selectivity of shrimp trawling,
with a high percentage of juveniles being caught, resulting in substantial pressure on the small size
classes of this bottom dwelling species. One should note that the total length for P. brasiliensis
from ‘miunga’ is smaller than from ‘pescadinha’ and there was no specimen smaller than the length
at first maturity in ‘pescadinha’ (Figure 2d-e). Paralonchurus brasiliensis is not individually
recorded in the catch statistics of Sergipe state [3, 4, 21-23], but do occur within the categories
‘miunca’ and ‘pescadinha’, as we were able to demonstrate here. Given that within these categories
most of the individuals of P. brasiliensis are above length at first maturity, juveniles that occur in
the area are probably discarded into the sea. In the sampling programs (1), where a codend mesh
size of 18 mm was used, the proportion in total weight of specimens smaller than 14.4 cm TL,
which was the smallest size landed in the categories ‘miunga’ and ‘pescadinha’, was 35%. For the
sampling program (3), with a codend mesh size of 20 mm, this proportion decreased to 31%.

A closer analysis of length by month from the different sampling programs indicated new
recruits (6 cm TL) are caught mainly in January, May and September-October (Figure 3), and May,
July and October (Figure 4). Samples from programs (2) and (4) were not analyzed here as they
originated from fishing trips lasting for up to 15 days and thus could include two different months
in the same sample. It seems that May and October are recruitment periods for juveniles that may
have been spawning 7-8 months before, if we consider the growth curves available for P.
brasiliensis [16, 28], which corresponds to February-March and September-October. However,
Silva Janior et al. (2015) [11] were not able to define the reproduction period for this species at
lower latitude, along the coast of Pernambuco state (8.6°S), although spawned females were found
in December-January. Spawned females were also found in the summer along the coast of Parana
state (25.8°S), with an increasing number of mature females ready to spawn in the spring [29]. It is
important that studies on the reproduction and growth of this species are carried out in Sergipe state
to better understand the local population dynamics of this species. The relationship between total
length and standard length estimated for P. brasiliensis in Sergipe state was TL=1.141+1.176xSL
(n=1465; r>=0.976) and it was statistically significant (F=6.0x10% p<0.0001). This relationship
described in the present study is important to allow for comparisons with other research
investigations, such as that from Santos Costa and collaborators (2013) [28], where SL was used.
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Figure 2: Frequency distribution of total length (cm) for Paralonchurus brasiliensis in the coast of Sergipe:
(a) Sampling program 1: 2013-2014, hired boat, codend mesh size=18 mm; (b) Sampling program 2:
2015-2016, complete sample from commercial boat, codend mesh size=21 mm; (c) Sampling program 3:
2017-2018, hired boat, codend mesh size=20 mm; (d) and () Sampling program 4: 2018-2019,
commercial boat, codend mesh size=20 mm (samples from ‘miunc¢a’ and ‘pescadinha’, respectively). The
dotted vertical lines indicate the length at first maturity (14.7 cm TL; [11]).
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Figure 3: Monthly frequency distribution of total length (cm) for Paralonchurus brasiliensis in the coast of
Sergipe caught by a hired shrimp trawler (Sampling program 1, 2013-2014, codend mesh size=18 mm).
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Sergipe caught by a hired shrimp trawler (2017-2018, sampling program 3, codend mesh size=20 mm).
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Some species exhibit spatial and temporal distribution pattern in their life cycle, which may vary
according to the availability of resources, habitat quality, seasons, behavior and sex [30, 31]. In the
present study, P. brasiliensis from different sizes were sampled in all depth strata in the sampling
program (1) (2013-2014) (Figure 5a): 6.2-20.7 cm at 5 m (minimum-maximum), 5.2-20.6 cm at 15
m, and 4.7-19.4 cm at 30 m. The smallest individuals were found at 15 and 30 m (4.7-5.7 TL)
during the months of September-October and May, which indicate the recruitment period. Results
from the robust ANOVA indicated that depth had a significant effect on total length of P.
brasiliensis in the region with a medium explanatory measure of effect size (F=17.845; p<0.001).
The post-hoc test indicated differences of total length between 5 m and 15 m (¥=1.308; p<0.001),
and between 5 m and 30 m (¥'=0.995; p=0.021), but not between 15 m and 30 m (¥ =-0.31297;
p=0.404). Thus, the largest individuals were found at 5 m in this region. Data from sampling
program (3) (2017-2018) were also able to show a slight decrease in size with increasing depth
(Figure 5b; F=36.204; p<0.001). However, the depth range of the sampling program (3) was too
narrow (11-19 m) and the relationship between length and depth not strong enough to support the
existence of a clear spatial segregation in this area. One possible reason for this absence of spatial
segregation is the narrow continental shelf with gradual slope and suitable substrate to forage in all
extension [32], allowing for the presence of many ontogenetic stages in this area. Robert, Michels-
Souza and Chaves (2007) [29] found specimens 2.2-23.7 cm at 10 m and only 1 individual out of
21 was smaller than 16.5 m at 15 m along the coast of Parana state, where a codend mesh size of
25 mm was used. Here, 88.5% of the specimens found at 15 m were smaller than 16.5 cm where a
mesh size of 18 mm was used in the sampling program (1) (Figure 5a).
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Figure 5: Total length (cm) of Paralonchurus brasiliensis in the coast of Sergipe in relation to depth (m):
(a) Sampling program (1) (hired boat, codend mesh size=18 mm, 2013-2014), where horizontal line
corresponds to median total length for each depth (5, 15, and 30 m), boxes to interquartile range, whiskers
to minimum and maximum total length excluding outliers represented by black circles; (b) Sampling
program (3) (hired boat, codend mesh size=20 mm, 2017-2018), where each black circle corresponds to
total length of each specimen sampled at a given local depth (11-19 m).
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The abundance of P. brasiliensis was higher at 15 m during most of the year (sampling program
(1); Figure 6a). Data from the sampling program (3) was restricted to a depth range of 11-19 m,
indicating that the highest number of individuals was observed at 11 m in February, and at 13 m
and 17 m in October and May (Figure 6b). This depth range appeared to be insufficient to reflect
any clear seasonal pattern. Conversely, Robert, Michels-Souza and Chaves (2007) [29] found
higher abundance at smaller depth (10 m) along the coast of Parana state, which reflects different
features of the habitat in both regions. According to Santos (2010) [33], shrimp trawling occurs
within the depth range of 2-30 m in northeastern Brazil. The sampling program (1) was broad
enough to show a higher abundance of P. brasiliensis at 15 m for most of the year in Sergipe state,
and larger individuals at 5 m.
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Figure 6: Number of individuals of Paralonchurus brasiliensis in relation to depth (m) and month/year from
samples collected by two hired boats in the coast of Sergipe: (a) Sampling program 1 (2013-2014, mesh
size=18 mm; (b) Sampling program 3 (2017-2018; mesh size=20 mm).

The weight-length relationship (WLR) estimated for P. brasiliensis indicated a positive
allometry (b>3): TW=0.00270xTL33*" (confidence interval for b=3.357-3.425; confidence interval
for a=0.00248-0.00295; n=1479; r?>=0.963). This relationship was statistically significant
(F=3.8x10% p < 0.0001). The value of b was within the usual range of 2.5-3.5, as observed for
most of the fish species [34]. The pair of b and log a values estimated per month for each sampling
program included in this study indicated this relationship changes seasonally, probably due to (i)
different ontogenetic stages in the same period with distinct energetic demands, (ii) reproductive
activity with large changes in the volume of gonads, and (iii) feeding behavior with increases in the
allocation of fat channeled towards fulfilling energy requirements for reproduction, when ‘b’ values
of the WLR may be higher than 3.5 (Table 2; Figure 7). Most of the values at the right end of this
figure correspond to estimates from samples collected in February-March. Recruitment was mainly
observed in September-October, which could correspond to individuals spawning from January to



K. M. F. Freire et al., Scientia Plena 16(11), 117401 (2020) 10

March. Thus, this period is most likely a reproduction peak in the coast of Sergipe state, if we
consider the growth curves available in the literature [16, 28]. All other WLRs estimated for this
species available in FishBase [15] indicate very similar results within an almost perfect linear
relationship (r>=0.99; Figure 7). The two extreme values (to the left and to right) correspond to the
month of October, which again corresponds to the recruitment period. Thus, it seems that October
is an important month to understand the population structure and dynamics of P. brasiliensis in
Sergipe.

Table 2: Values of a and b for weight-length relationships (WLRs) estimated for Paralonchurus brasiliensis
in the coast of Sergipe in four sampling programs: (1) hired boat, codend mesh size=18 mm (2013-2014);
(2) complete sample from commercial boat, codend mesh size=21 mm (2015-2016); (3) hired boat, codend
mesh size=20 mm (2017-2018); ( 4) commercial boat, codend mesh size=20 mm (2018-2019; samples from
‘miunca’ and ‘pescadinha’). n=sample size; r>=coefficient of determination of WLRs estimated based on
total length (TL; cm) and total weight (TW; g). Note that WLR was not reported for some months in
sampling programs (2) and (4) due to closed seasons or reduced sample size.

Sp?g‘gﬂ!?ng Month/Year n a b r? Lc_l)_vl\ier U_pl)_pLer
1) September/13 29 0.00275  3.361 0.982 5.7 17.0
October/13 59 0.00400  3.316 0.908 4.7 18.8
November/13 74 0.00448  3.197 0.931 9.1 17.6
December/13 45 0.00260  3.419 0.969 10.0 18.1
January/14 74 0.00186  3.525 0.884 6.6 17.0
February/14 32 0.00177  3.509 0.778 8.0 17.2
March/14 27 0.00364  3.305 0.894 13.0 16.7
April/14 113 0.00116  3.693 0.913 9.3 20.7
May/14 33 0.00235  3.461 0.990 5.0 18.6
June/14 81 0.00174  3.555 0.979 8.3 20.4
July/14 91 0.00271  3.394 0.956 8.2 20.6
August/14 82 0.00276  3.344 0.941 7.6 18.0

2 May/15 10 0.00160  3.601 0.996 9.4 19.2
July/15 33 0.00340  3.329 0.979 5.1 13.1
August/15 60 0.00200  3.454 0.966 5.0 19.5
September/15 159 0.00140  3.655 0.955 6.1 19.6
October/15 11 0.00070  3.836 0.952 8.9 15.9
November/15 102 0.00100 3.774 0.950 10.6 22.8
February/16 15 0.00130  3.656 0.985 8.7 16.9
March/16 18 0.00120 3.676 0.982 10.0 19.2

3) October/17 41 0.00920 2917 0.899 4.7 18.8
February/18 34 0.00140 3.644 0.988 8.9 20.0
May/18 75 0.00500  3.182 0.965 6.0 20.3

July/18 58 0.00430  3.236 0.975 6.4 20.2

4) October/18 29 0.00450  3.220 0.936 14.6 22.9
February/19 39 0.00100  3.758 0.950 14.6 21.5
March/19 18 0.00210  3.483 0.938 14.6 22.3

July/19 17 0.00140 3.641 0.952 14.8 20.3

TOTAL 2013-2019 1479 0.00270  3.391 0.963 4.7 22.9
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Figure 7: Parameters a and b of weight-length relationships (WRLs) estimated by month for Paralonchurus
brasiliensis in all sampling programs (1-4) carried out along the coast of Sergipe (black circles) and for all
samples together (large white square), as well as from other studies available in FishBase (small white
squares) [34].
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4. CONCLUSION

Paralonchurus brasiliensis is recognized as part of the bycatch of shrimp fisheries in Sergipe
state, but to date it had never been reported in catch statistics. Here we demonstrated, for the first
time, that this species is commercialized in the local market in Aracaju municipality under the
categories known as ‘miun¢a’ and ‘pescadinha’. Smaller individuals were included in the category
‘miunga’ in relation to ‘pescadinha’, but all of them were larger than 14.4 cm TL. However,
individuals smaller than 14.4 cm TL were found in the region and caught by shrimp trawlers (all of
them probably immature), which may have been discarded by commercial fishers, as they do not
show up in the catch statistics (31-35% of the total weight of P. brasiliensis, depending on the mesh
size). Thus, the impact of fishing on stocks of this population may remain undetected if landings
are not examined in detail. Moreover, the use of excluding devices and monitoring efforts could
avoid excessive discards, while the remaining small specimens that are caught could be utilized for
purposes that improve food security.

Recruitment most likely occurs mainly in September-October and May, which is possibly
associated with reproduction peaks from January to March and from September to October,
respectively. It is strongly recommended that reproduction studies are conducted in the region to
test this hypothesis. A broader sampling program was able to show a higher abundance of P.
brasiliensis at 15 m for most of the year in Sergipe state, with larger individuals observed at 5 m.
The growth is allometric positive with variation along the year. The low selectivity of the fishing
gear used leads to the capture of a large number of juveniles, which may have a large impact in the
dynamic population of this species as well as other species found in the same shrimp fishing ground.
Catch statistics have to include greater detail in the identification of smaller fishes to better assess
the percentage of juveniles of both target and non-target species.
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