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Abstract: We estimated morphometric relationships for four shrimp species (Exhippolysmata
oplophoroides, Nematopalaemon schmitti, Rimapenaeus constrictus, and Sicyonia dorsalis)
caught as bycatch by the shrimp fishery in Sergipe, northeastern Brazil. Allometry in growth

differed among species.
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Relacoes morfométricas para espécies de camarées marinhos nao alvo da pesca no
nordeste do Brasil. Resumo: Estimamos relacdes morfométricas para quatro espécies de
camardes (Exhippolysmata oplophoroides, Nematopalaemon schmitti, Rimapenaeus constrictus
e Sicyonia dorsalis) capturados como fauna acompanhante pela pesca de camardo em Sergipe,
nordeste do Brasil. A alometria no crescimento diferiu entre as espécies.

Palavras-chave: Crescimento alométrico, Lysmatidae, Palaemonidae, Penaeidae, Sicyoniidae.

The shrimp fishery is considered predatory
due to the capture method, where bottom trawls with
low selectivity are used, resulting in a high capture
of non-target species that are discarded (Hall et al.
2000). In Brazil, the target of this fishery are
shrimps of economic importance belonging to the
superfamily Penaeoidea (Dias-Neto 2011), however
the participation of other shrimp species of no
commercial interest is frequent in different states of
Brazil: Santa Catarina (Branco et al. 2015), Parana
(Robert et al. 2007), Sdo Paulo (Bochini et al. 2019),
Rio de Janeiro (Costa et al. 2016), and Sergipe-
Alagoas (Santos et al. 2016). Many species present
in the bycatch of shrimp fisheries are more
vulnerable than target species (Lira et al. 2022),
mainly because most of them do not have their
catches reported and basic information on their
biology is missing, which prevents researchers and
decision makers to assess the real impact of this
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activity on the ecosystem, representing a threat to its
future sustainability (Andrew et al. 2007).
Morphometric relationships are important
tools that help understanding essential biological
aspects of populations of aquatic organisms.
Allometry of growth from length-length
relationships has been used to understand ecology
and reproductive changes in several crustacean
species, such as in crabs (e.g., Bertini et al. 2007,
Reis-Junior et al. 2020) and shrimps (e.g., Rosa et
al. 2021, Reis-Junior et al. 2023), where the analysis
of the slope of these relationships are directly linked
for example to energy investments during the
reproductive processes. In addition, estimating
weight from size is important in ecosystem
modeling, especially when only length data is
available and estimating biomass is required
(Kimmerer et al. 2005). Finally, b values from
weight-length relationships have been used to
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establish a relationship between a metabolism ratio
and the constancy between size at first maturity and
maximum size (see, e.g., Pauly et al. 2022, for
crustaceans).

Among the shrimp species of no economic
interest caught by bottom trawlers in Sergipe, we
can mention four (Freire et al. 2020):
Exhippolysmata oplophoroides (Holthuis, 1948),
which belongs to the family Lysmatidae and has a
wide geographical distribution in the Western
Atlantic, from North Carolina (USA) to Texas
(USA) and from English Guyana to Uruguay
(Christoffersen 2016); Nematopalaemon schmitti
(Holthuis, 1950), a Palaemonidae distributed from
Venezuela to Rio Grande do Sul (Brazil) (Mantelatto
et al. 2016); Rimapenaeus constrictus (Stimpson,
1871), a Penaeidae also widely distributed in
Western America, occurring from Nova Scotia
(Canada) to Santa Catarina (Brazil) (Boos et al.
2016); and Sicyonia dorsalis Kingsley, 1878 of the
family Sicyoniidae, occurring from North Carolina
(USA) to Santa Catarina (Brazil) (Costa & Simdes
2016). Studies exploring morphometry are scarce or
non-existent for these species at a global level and
especially for Northeastern Brazil where they are
frequently exploited by shrimp fisheries. Therefore,
aiming at filling these existing gaps, we estimated
length-length and weight-length morphometric
relationships and evaluated the growth allometry for
E. oplophoroides, N. schmitti, R. constrictus, and S.
dorsalis.

Samples were obtained monthly between May
2015 and May 2016 from commercial shrimp
trawlers based in the ports of Aracaju and Pirambu
and operating off the state of Sergipe (10°44°16”S
and 36°51°22”W to 11°31°09”S 37°30°42”W), in
Northeastern Brazil (Fig. 1la). Samples obtained
from boats based on Pirambu were complete (shrimp
+ bycatch) and obtained before landing from four
different boats (6 kg samples from each boat).
Samples obtained from boats based on Aracaju
contained only shrimps, separated into size
categories after landing (one sample of 3 kg from
each category): small (‘espigdo’), medium
(‘escolha’), and large (‘pistola’). The four shrimp
species analyzed here were found in both types of
samples: shrimp + bycatch (in Pirambu) and
separated into size categories (in Aracaju). For more
details of the sampling procedures used in this study,
see Freire et al. (2020) and Reis-Junior et al. (2023).
All samples were frozen and stored in the
Laboratdrio de Ecologia Pesqueira — Departamento
de Engenharia de Pesca e Aquicultura -
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Universidade Federal de Sergipe
(LEP/DEPAQ/UFS) for further analysis. In all
samples, non-target shrimps fished in Sergipe (i.e.,
all species not belonging to the Penaeidae family
reported in Freire et al. 2020) were separated and
identified according to Carpenter (2002) and Costa
et al. (2003). Each individual was measured: total
length (distance from the tip of the rostrum to the tip
of the telson, TL, mm), rostrum length (distance
from the tip of the rostrum to the postorbital margin,
RL, mm), and carapace length (distance from the
postorbital margin to the mid-dorsal posterior edge
of the carapace, CL, mm) using a digital caliper
(precision: 0.01 mm). The total weight (TW, g) was
obtained using a scale (precision: 0.0001 g).

The TL vs. CL and RL vs. CL relationships
were fitted using a linear model (Y=a+bX), and the
relationships TW vs. CL were fitted using a power
model (Y=a-X") (Froese 2006, Zar 2010).
Confidence intervals for the parameters a and b were
estimated for all relationships. For the TW vs. CL
relationships, the natural logarithm of TW and CL
were calculated before estimating a and b, and their
respective confidence intervals. The isometry
hypothesis was tested for the TL vs. CL and RL vs.
CL relationships (b = 1) and for the TW vs. CL
relationships (b = 3) using t-tests (Froese 2006, Zar
2010). The significance of these relationships was
tested using analyses of variance (ANOVA). All
statistical tests were performed at a 5% significance
level using the R software version 4.2.1 (R Core
Team 2022).

A total of 622 shrimps were analyzed: 55
specimens of Exhippolysmata oplophoroides, 502 of
Nematopalaemon schmitti, 32 of Rimapenaeus
constrictus, and 33 of Sicyonia dorsalis. The range
of size and weight for each shrimp species was: E.
oplophoroides (7.30-13.79 mm CL, 0.2298-1.7779
g TW), N. schmitti (6.47-13.45 mm CL, 0.2013-
2.2297 g TW), R. constrictus (8.95-18.77 mm CL,
0.3928-4.0513 g TW), and S. dorsalis (4.51-14.14
mm CL, 0.0619-2.5327 g TW). Rimapenaeus
constrictus was the largest and heaviest amongst the
species analyzed (Figs. 1b-c), with mean CL (13.61
+ 2.45 mm) and TW (1.4533 £ 0.7701 g) larger than
the others: E. oplophoroides (10.36 + 1.51 mm CL,
0.8561 + 0.3739 g TW), N. schmitti (9.96 + 1.22 mm
CL, 1.0349 + 0.3709 g TW), and S. dorsalis (9.41
2.19 mm CL, 0.6480 +0 .4617 g TW). Based on the
size at which these species enter the adult stage (CL,
mm) in  Southeastern-Southern Brazil (E.
oplophoroides: smallest ovigerous specimen = 6.3
mm CL (Fransozo et al. 2005); N. schmitti: smallest

Pan-American Journal of Aquatic Sciences (2024), 19(1): 17 - 23



Morphometric relationships for shrimps

(A)

|| Shrimp fishing ground

19

(B) =

£ i

Eu‘) E

& —
'] — o Bl
m —— — i
D e _(‘)—

E. oplophoroides  N. schmitti R. constrictus S. dorsalis

€ . | 5

3 - ’

£ &
. 4 S—

3 % .

F e o | | —

E. oplophoroides . schmitti R. constrictus S. dorsalis

Species

Figure 1. Study area off the state of Sergipe (Northeastern Brazil), indicating the location of the ports of Aracaju and
Pirambu, and the shrimp fishing ground (Thomé-Souza et al., 2014) (A). Carapace length (B) and total weight (C) for
the four species analyzed: Exhippolysmata oplophoroides, Nematopalaemon schmitti, Rimapenaeus constrictus, and
Sicyonia dorsalis. Red dots represent mean values. The horizontal lines correspond to the 1%, 2" (median), and 3™

quartiles. The white dots represent outliers.

adult = 9.7 mm and 8.5 mm CL for females and
males, respectively (Almeida et al. 2011); R.
constrictus: smallest mature specimen = 6.5 mm CL
for both sexes (Garcia et al. 2016); and S. dorsalis:
smallest adult = 9.2 mm and 6.8 mm CL for females
and males, respectively (Castilho et al. 2008)), we
hypothesize that mostly adults were analyzed here
due to the size range of the specimens sampled in
our study. All morphometric relationships were
significant (Table I). The relationships between TL
and CL indicated positive allometric growth for all
species (b > 1). The relationships between RL and
CL had the lowest coefficients of determination (12 =
0.24-0.58), indicating a lower fit between rostrum
length and carapace length, and the allometry of
growth varied among species: negative (b < 1, R.
constrictus and S. dorsalis), isometric (b = 1, E.
oplophoroides), and positive (b > 1, N. schmitti).
Finally, the TW-CL relationships indicated negative
allometric growth (b < 3) for N. schmitti and R.
constrictus, and isometric growth (b = 3) for E.
oplophoroides and S. dorsalis (Table I). The four
species analyzed here have been studied in
Southern-Southeastern  Brazil through several
projects focusing mainly on population structure,
reproduction, distribution and abundance, and
growth (e.g., Castilho et al. 2008, Baeza et al. 2010,

Almeida et al. 2011, Garcia et al. 2016). However,
studies evaluating morphometric relationships are
less frequent. Most of the weight-length
relationships available are for R. constrictus, with a
negative allometric growth for females and positive
for males off the state of Rio de Janeiro, even though
some variation among years was observed (Oliveira-
Souza & Lavrado 2017). Studies conducted off the
coast of Sdo Paulo found negative allometry in this
relationship for both sexes (Santos et al. 2020a,
Silva et al. 2021), corroborating our result for
grouped sexes for this species. Conversely, N.
schmitti and E. oplophoroides were evaluated
regarding relative growth for relationships between
carapace length and secondary structures related to
sexual dimorphism and reproductive changes, such
as length of the male appendix and the second
pleuron length, in populations off Southeastern
Brazil (see Herrera et al. 2017, Pescinelli et al.
2017). For N. schmitti, TL-CL and TW-CL
relationships were estimated for the state of Sergipe
(Santos et al. 2020b), but the growth allometry was
not statistically evaluated. Their b values corroborate
with those found in the present study: positive
allometry for TL-CL relationships and negative for
TW-CL relationships. In fact, Pauly et al. (2022)
analyzed the relationship between weight and length
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Table I. Morphometric relationships estimated for Exhippolysmata oplophoroides, Nematopalaemon schmitti,
Rimapenaeus constrictus, and Sicyonia dorsalis caught by shrimp trawlers in Sergipe (Northeastern Brazil) from May
2015 to May 2016. TL = total length, CL = carapace length, RL = rostrum length, TW = total weight, a = intercept, b =
slope, n = sample size, CI = 95% confidence interval, 12 = coefficient of determination. F refers to the results of the
analysis of variance for the regression. For the TW-CL relationships, TW and CL were linearized before the estimation
of a and b. *indicate statistically significant results (p < 0.05).

TL-CL relationships

Species a (CI for a) b (CI for b) r2 n F t-test for allometry
E. oplophoroides 9.131(0.439-17.823) 4.669 (3.861-5.479) 0.88 22  145.0* 9.46* (Positive)
N. schmitti 7.862 (4.329-11.395) 5.490 (5.144-5.837) 0.88 135 981.4* 25.62* (Positive)
R. constrictus 14.572 (8.321 - 20.823)  3.079(2.626 —3.532) 0.87 29  194.7* 9.42* (Positive)
S. dorsalis 3.709 (-0.604 — 8.024)  3.504(3.094-3.914) 0.96 14  347.0* 13.31* (Positive)

RL-CL relationships

a (CI for a) b (CI for b) r? n F t-test for allometry
E. oplophoroides 9.218 (2.525-15.910)  1.015(0.393-1.637) 035 24 11.5* 0.05 (Tsometry)
N. schmitti 0.334 (-2.429-3.099) 1.893 (1.621-2.165) 0.58 141  189.6* 6.49* (Positive)
R. constrictus 3.189 (-0.172 - 6.552)  0.320 (0.069 —0.571) 0.24 25 6.9* 5.61* (Negative)
S. dorsalis 1.569 (-0.090 — 3.237)  0.163 (-7x10*-0.328) 0.25 16 5.5% 10.88* (Negative)

TW-CL relationships

In a (CI for a) b (CI for b) r? n F t-test for allometry
E. oplophoroides ~ -7-147 (-8.005--6.289) ~ 2.959(2.590-3.326) 0.83 55  260.1* 0.22 (Isometry)
N. schmitti -6.239 (-6.488 —-5.989)  2.708 (2.599-2.816) 0.84 465 2407.0* 8.04* (Negative)
R. constrictus -6.417 (-7.331 --5.503)  2.570(2.218-2.921) 0.88 32  223.2%* 2.49*(Negative)
S. dorsalis -7.212 (-7.770 - -6.653)  2.951 (2.700-3.202) 0.94 33  575.3* 0.39 (Isometry)

for about 370 species of crustaceans and found a
tendency toward negative allometry. Finally, for S.
dorsalis, the morphometric relationships presented
here were the first to be estimated.

Growth allometry in TL-CL relationships for
shrimps has been associated with differential
metabolism between juveniles and adults (Dall et al.
1990), where juveniles have steeper slopes due to
higher metabolism (see difference between juveniles
and adults in Farfantepenaeus subtilis in Reis-Jinior
et al. 2023). Another characteristic evaluated is
usually the difference between sexes. Females tend
to direct part of the energy investment into the
reproductive  process, a process known as
‘reproductive drain’, which makes it possible to
observe differences in allometry when compared to
males (Dall et al. 1990, Reis-Junior et al. 2019,
2023). The weight-length relationships follow the
same pattern: even though the sex differences in
allometry for the parameter b is well-known and
associated ~ with  differentiated  reproductive
investment (Leite-Jr & Petrere-Jr 2006, Reis-Junior
et al. 2023), it is also possible to observe a monthly
variation in b for some species (see, e.g.,

Xiphopenaeus kroyeri in Reis-Junior et al. 2019) and
an annual variation, suggesting changes in
competition for food resources in these populations
(see Rimapenaeus contrictus in Oliveira-Souza &
Lavrado 2017). Pauly et al. (2022) added a new
element to this discussion, stating that limiting
oxygen for water breathing organisms, including
crustaceans, may be the most limiting factor
responsible for some of observed sexual differences
(known as the ‘gill oxygen limiting theory’ or simply
GOLT).

The conservation status for E. oplophoroides
is Data Deficient (DD) according to the assessment
prepared by the Chico Mendes Institute for
Biodiversity Conservation (ICMBio) (Christoffersen
2016), indicating the need for further research.
Although N. schmitti, R. constrictus, and S. dorsalis
have been considered of Least Concern (LC) by
ICMBio (Pinheiro & Boss 2016), there is still a lack
of biological information regarding morphometric
relationships for these species. Length—weight
relationships are important as they allow for the
conversion of growth-in-length into growth-in-
weight for use in stock assessments, and their

Pan-American Journal of Aquatic Sciences (2024), 19(1): 17 - 23



Morphometric relationships for shrimps

parameters represent one of the tools used to
differentiate stocks. Considering that these species
represent part of the by-catch of the shrimp fishery
in the region, we recommend that future studies on
shrimp trawling place some effort into producing
basic information for these and other species of no
economic importance caught by shrimp fisheries,
accessing also other population differences, e.g.,
juveniles vs. adults and males vs. females that we
could not be understood with the present work,
especially in Northeastern Brazil, where studies in
general are scarcer and non-target species may be at
higher risk.
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