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The analysis of body relationships and condition factors are useful tools in studies of marine
populations, and they have been widely used in fishery research and management. In this study,
width-weight (WWR) and length-weight (LWR) relationships and Fulton’s condition factors were
analyzed for six commercially important decapod crustacean species from the Paraguagu River estuary
(Todos os Santos Bay), eastern Brazil, namely Callinectes danae, C. exasperatus, C. marginatus, C. ornatus,
Keywords: Goniopsis cruentata and Ucides cordatus, and one non-indigenous species, Charybdis helleri. In total
Crabs 5,704 individuals were measured and weighed during five years (2012-2017). The three allometric
Life history traits growth types for the crustacean species were observed, being most frequently the negative allometric
Morphometric parameters growth. The analysis of covariance (ANCOVA) revealed significant differences between the sexes and
Todos os Santos Bay . climatic seasons in WWR/LWRs for the four species of the genus Callinectes, C. helleri, G. cruentata and
Southwestern Atlantic U. cordatus, except for females and males of C. danae in WWR. The means for condition factor were
generally higher for females than for males during the dry period, and in general, indicating good
conditions for crustacean species. This study provided morpho-biometric parameters information will
contribute stock management of traditional artisanal fisheries, and enable future comparative studies
of populations of the same species.

© 2023 Elsevier B.V. All rights reserved.

1. Introduction Johnston and Yeoh, 2020). In fact, condition factor assessment
can provide important information about an individual’s nutri-
tional status and health by showing their feeding condition and
adaptation to the environment (Ricker, 1975; Fassatoui et al.,
2021).

The relationship between these metrics generates information

contributing to the development of size-structured population

Morpho-biometric parameters are important indicators be-
cause they provide information on estimates of population
growth, wellbeing of a species and others life history traits (Froese
et al,, 2011). Fisheries management has moved toward a more
holistic approach and the estimates of basic parameters, such

as length-weight (LWR), width-weight (WWR) relationships and
Fulton’s condition factor constitute a key element in fisheries
stock assessments and research (Le Cren, 1951; Ricker, 1975;
Froese, 2006).

The LWR and WWR are useful for determining stock biomass,
analyzing ontogenetic changes and allow the assessment of spa-
tial and seasonal variations (Froese, 2006; Bello et al., 2015;
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dynamics models and morphometric interspecific and intrapopu-
lational comparisons, which could reveal the existence of biogeo-
graphical relationships (Punt et al., 2013; Torres et al., 2017; Jones
et al,, 2019). This is particularly relevant for stocks or species with
limited data (data-poor) where new researches are essential to
improve species-specific estimates and enhance the accuracy of
online databases, such as Sealifebase (Palomares and Pauly, 2022).

Portunid crabs (Crustacea: Decapoda: Brachyura) are impor-
tant estuarine macro-invertebrates of tropical benthic commu-
nities. Its members play significant roles as key trophic link
between primary consumers and higher trophic levels and rep-
resent important food resources for us and many other marine
species such as swimming crabs (Callinectes Stimpson, 1860). For
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Fig. 1. Map of the lower Paraguacu study area (Todos os Santos Bay, Bahia, Brazil), showing the location of the crustacean sampling stations (red circles).

instance, Callinectes danae Smith, 1869 is one of the most com-
mon and abundant species along the Brazilian coast (Severino-
Rodrigues et al., 2001). The mangrove crabs Goniopsis cruentata
(Latreille, 1803) and Ucides cordatus (Linnaeus, 1763) are also
important fishery resources for traditional communities and fun-
damental species in nutrient cycling of the benthic mangrove
macrofauna (Kristensen, 2008; Goées et al., 2010; Santos et al.,
2013).

This paper describes the width-weight and length-weight
relationships and condition factor of six commercially impor-
tant decapod crustacean species, namely C. danae, C. exasperatus
(Gerstaecker, 1856), C. marginatus (Milne-Edwards, 1861), C. or-
natus Ordway, 1863, G. cruentata and U. cordatus, and one non-
indigenous species, Charybdis hellerii (Milne-Edwards, 1867) from
the Paraguacu River estuary (Todos os Santos Bay), eastern Brazil.

2. Material and methods

Sampling was carried out semi-annualy (climatic seasons: dry
and rainy) between August 2012 and April 2017, at seven stations
along the Paraguacu River estuary (Todos os Santos Bay), eastern
Brazil (Fig. 1). The infralittoral crustaceans were sampled using
two set of five rectangular multiple-entrance traps using fresh
fish meat as bait, immersed in water for ~16-hr each set (starting
during twilight). For the intertidal crustaceans, a plot area of
10 x 10 m and sampling with duration of 30 min/station was
delimited, where the specimens of Ucides cordatus were captured
manually by hands. The individuals of Goniopsis cruentata were
randomly collected with a fishing rod baited with pieces of other
locally abundant small crustacean, Aratus pisonii. Local fishermen
assisted all samplings. The collections were previously authorized
by the Brazilian Institute of Environment and Renewable Natural
Resources (IBAMA) n® 150/2012-765/2016.

All individuals were identified to species and sexed based on
the external morphology and species body relationships (when
existent) were checked using Sealifebase (Palomares and Pauly,
2022). Carapace total width (CW, mm) and length (CL, mm), were
measured with a digital caliper (precision: 0.1 mm) and weight
(W, g) with a scale (precision: 0.1 g).

Prior to regression models, log-log plots of the length- and
width-weight pairs were performed to detect and exclude out-
liers for each species (Froese, 2006). Width-weight (WWR) and

length-weight (LWR) relationships were calculated for both sexes,
climatic seasons and pooling (males and females) applying the
logarithm-transformed linear model expressed as the following
equation:

logW = loga + blogL

where, “a” representing the intercept of the regression line and
“b” the slope of the relationship. Relationships were not carried
out in males of C. exasperatus and females of C. marginatus and C.
ornatus by season due to their small sample sizes.

Sex-ratio of each species was calculated as the total number
of males divided by the total number of females observed during
each sampling and was used to analyzed from the ratio tends to
be of 1:1 female to male in the total population by Chi-square
test as: = Y (O—E)?[E, where O was the observed frequency
of females or males and E was the expected frequency of fe-
males or males. The analysis of covariance (ANCOVA) was used
to determine if there were significant differences of the slope
(b) coefficients in the width/length-weight relationships between
the sexes and seasons of crustacean species.

Fulton’s condition factor (K) was estimated from the rela-
tionship K = 100 W/WLP to assess the crustacean condition,
where W = the weight of each crustacean, WL = the cara-
pace width or length, and b is the allometric growth coeffi-
cient computed for each sex’s WWR/LWR (Le Cren, 1951; Ricker,
1975). We checked the underlying assumptions of the normality
and homoscedasticity using a Shapiro-Wilk’s normality test and
the Levene median test, respectively. After, Kruskal-Wallis tests
(non-parametric ANOVA) were applied to compare the K results
against their factors (sex and climatic season) followed by the
post hoc Dunn’s comparisons (with Bonferroni correction). All
analyses were performed using R software version 4.2.1 (R Core
Team, 2022).

3. Results

A total of 5704 specimens belonging to the seven crustacean
species Callinectes danae (3529), Goniopsis cruentata (806), Ucides
cordatus (592), Callinectes ornatus (243), Charybdis helleri (215),
Callinectes exasperatus (165) and Callinectes marginatus (140) from
the Paraguacu River estuary (Todos os Santos Bay, Brazil) were
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Parameter estimates of the width and length-weight relationship for each species of decapod crustacean in the Paraguacu River estuary: N (sample size) and ranges
of carapace width (CW), carapace length (CL), and weight (W) for male, female and pooled sexes, and sex-ratio with Chi-square (x?) values and significant level (-

not significant; *** p < 0, 0.001; ** p = 0.001-0.01; * p = 0.01-0.05).

Species Sex N Carapace width (mm) Carapace length (mm) Weight (g) Sex-ratio
Min-Max Mean + SD Min-Max Mean + SD Min-Max Mean + SD F:M x?

F 1834  50.9-109.0 80.79 + 10.03  23.0-55.1 3833 + 484  9.9-84.0 33.36 + 12.04

Callinectes danae M 1695  40.4-126.2  88.76 £ 1593  22.0-59.2 4085 £ 6.72  8.0-128.1 48.01 + 23.75 1:0.92 5.47*
Pooled 3529  40.4-1262 8471 £+ 13.70  22.0-59.2  39.87 £ 6.10  8.0-128.1 40.99 + 20.05
F 141 56.1-122.0 91.15 £ 10.10  29.3-69.2  49.97 + 6.01 15.2-145.0  75.00 + 23.42

Callinectes exasperatus ~ M 24 56.3-106.5  82.96 + 13.69  28.0-63.1 45.75 + 8.80  14.2-1332  70.50 + 36.19 1:0.17 82.96***
Pooled 165 56.3-122.0  89.90 + 11.02  28.0-69.2  49.36 + 6.63 14.2-145.0  75.35 %+ 25.61
F 25 54.0-80.1 68.96 + 6.65 26.6-40.1 34.32 + 3.80 12.5-47.0 24.8 + 8.09

Callinectes marginatus M 115 53.0-103.0  75.33 £ 9.97 25.4-50.0  36.82 £ 4.51 11.0-107.0 379 £+ 16.30 1:46 57.85***
Pooled 140 53.0-103.0 74.19 £ 9.75 25.4-50.0 36.37 £ 4.48 11.1-107.0 35.56 £ 15.95
F 33 50.0-103.6 7142 £+ 1294  25.0-555  34.58 + 6.95 11.0-80.0 25.85 + 15.61

Callinectes ornatus M 210 37.9-108.1 7751 £ 1135  22.0-48.2  36.88 £5.03 7.2-66.0 32.77 + 12.62 1:6:36 128.9***
Pooled 243 37.9-108.1 77.26 £ 11.23 22.0-55.5 36.57 £ 5.37 7.2-80.0 31.83 £ 13.25
F 51 26.1-70.0 49.78 + 8.80 16.0-464 3329 £ 586  4.1-67.7 21.92 £+ 10.31

Charybdis hellerii M 164 32.3-75.2 56.60 £+ 9.02 21.0-52.8 3846 £ 599  4.2-79.2 36.21 + 16.41 1:3.21 59.39***
Pooled 215 26.1-75.2 54.98 + 9.41 16.0-52.8  37.2 + 6.34 4.2-79.2 32.82 £+ 16.34
F 369 21.0-45.5 3413 + 448 17.4-41.3  29.05 + 404 7.0-504 23.54 £+ 8.80

Goniopsis cruentata M 437 19.0-52.1 35.54 £ 5.97 16.0-41.3 30.13 £ 5.37 5.1-66.2 27.06 £ 12.02 1:1.18 5.73*
Pooled 806 19.0-52.1 34.89 + 5.38 16.0-41.3  29.64 + 483  5.1-66.2 25.45 + 10.81
F 157 39.1-70.6 5251 £+ 6.53 25.6-540  39.06 £ 547  29.0-165.2  69.02 + 28.58

Ucides cordatus M 425 38.2-744 56.80 + 6.80 24.1-56.5 41.16 £ 5.72 35.3-210.0 91.28 + 34.89 1:2.54 112.4*
Pooled 592 38.2-74.4 55.59 + 6.99 24.1-56.5  40.57 £ 573  29.0-210.0  85.01 % 34.69

captured to estimate the width-weight and length-weight rela-
tionships and Fulton’s condition factor. All species were observed
in the dry and wet seasons every year between 2012 and 2017,
and C. danae had the highest abundance (Table 1). Among these
seven species, five showed ovigerous females: C. danae (10.41%
of total of females); C. exasperatus (9.92%); C. hellerii (37.25%);
G. cruentata (14.90%) and U. cordatus (6.36%). The sample sizes
(N), mean, SD, minimum, and maximum carapace widths (CW),
carapace lengths (CL) and weights (W), and sex-ratio (proportion
of females to males, Chi-square values and significance level) of
measured individuals for each species (pooled and both sexes) are
summarized in Table 1 and Figure S1.

Linear regressions fitted to estimate the WWR and LWR were
highly significant for all crustacean species (P<0.001) and the co-
efficient of determination (r?) ranging from 0.80 to 0.97 (Table 2
and Figure S2).

In regards to WWR, the estimated coefficient b ranged from
2.52 to 3.40 (females of G. cruentata in the rainy period, and males
of C. exasperatus, respectively). In this case, based on the b-value
of WWR, the growth type of C. exasperatus was clearly positive
allometric (b > 3), and the rest of species was negative allometric
(b < 3). That is, although, in C. marginatus females, b-value was
3.03 (isometric growth), the confident interval was between 2.28
and 3.78.

In relation to LWR, the estimated coefficient b ranged from
2.51 to 3.19 (G. cruentata and C. marginatus, respectively). Based
on the b-value of LWR, the growth type of some category in the
species C. danae, C. exasperatus and C. marginatus was positive
allometric (b > 3), although only males of the species C. danae
showed a confidence interval slightly above 3. The other species
(C. ornatus, C. hellerii, G. cruentata and U. cordatus) showed a
negative allometric growth (b < 3). No significant differences were
found for both b coefficients when compared to the threshold of
3 (P > 0.05).

Both size and weight differed between the sexes, with males
showing larger carapace (CW and CL) and weight (W) than fe-
males, except for C. exasperatus. The value of coefficient b of
the CW-W and CL-W relationships in males and females, in dry
and wet seasons showed statistically significant differences for

all species, with the exception of the CW-W relationship of the
species C. danae (Table 3).

The Fulton’s condition factor K varied between 0.0019 (C
exasperatus — males) and 0.1911 (G. cruentata — males) in
WWR, and between 0.0181 (C. hellerii — females) and 0.7502 (U.
cordatus — males) in LWR. The analysis of K revealed significant
differences among all factors, sex and climatic season for several
species (Fig. 2).

The Fulton’s condition factor K with WWR, presented signifi-
cant differences in both factors (sex and climatic season) for the
species C. danae (Kruskal-Wallis, P value between < 0.0001 and
<0.05) and G. cruentata (P < 0.0001) Significant sex differences
of K were also found for C. exasperatus using width carapace
measurements (P < 0.0001), as well as C. marginatus (P = 0.001),
C. hellerii (P < 0.0001) and U. cordatus (P = 0.0009). On the other
hand, the K results for C. ornatus presented a significant difference
between seasons (P = 0.0009).

The Fulton’s condition factor K with LWR measurements pre-
sented also significant differences for sex and climatic season for
the species C. danae (P < 0.0001 and <0.05, respectively) and G.
cruentata (P < 0.0001). The K values for U. cordatus (P < 0.0001),
C. ornatus (P < 0.0001), C. hellerii (P = 0.02), C. exasperatus (P
< 0.0001) and C. marginatus (P < 0.0001) revealed a significant
difference only between sexes when the carapace length was
used.

4. Discussion

Information of the variation in size among populations of a
species is useful to understand the effect of abiotic (e.g. dry or
wet seasons) and biotic interaction on the growth pattern of a
species. Detection of these effects on morpho-biometric traits
are very useful to provide a baseline for management strategies,
particularly in species susceptible to fishing pressure such as
crabs. However, there is an important lack of morphological trait
of many species, even in their native areas. The present study pro-
vides a detailed estimate of WWR and LWRs and condition factor
for males, females and pooled sex of seven decapod crustaceans
from the Paraguacu River estuary (Todos os Santos Bay), eastern
Brazil.
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Table 2

Relationship values of the carapace width/length-weight for male, female and pooled sexes: a, intercept; b, slope; CI, confidence intervals; r

determination; TG, types of growth (I, isometry; A+, positive allometry; A-, negative allometry).
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2

coefficient of

Species Sex/Season CW x W Regression parameters CL x W Regression parameters
a (95% CL) b (95% CL) r? TG a (95% CL) b (95% CL) r? TG
F 0.0001 (0.0001-0.0002) 2.74 (2.694-2.795) 0.873 A- 0.0015 (0.0013-0.0018) 2.71 (2.670-2.768) 0.879 A-
M 0.0001 (0.0001-0.0002) 2.77 (2.737-2.808) 0.931 A- 0.0005 (0.0004-0.0006) 3.05 (3.013-3.094) 0.928 I
F/Dry 0.0002 (0.0001-0.0002) 2.71 (2.646-2.784) 0.845 A- 0.0016 (0.0012-0.0020) 2.70 (2.643-2.775) 0.855 A-
Callinectes danae M/Dry 0.0001 (0.0001-0.0002) 273 (2.687-2.773) 0.947 A- 0.0005 (0.0004-0.0006) 3.04 (2.994-3.105) 0.931 I
F/Rainy 0.0001 (0.0001-0.0002) 2.78 (2.708-2.857) 0.907 A- 0.0014 (0.0011-0.0018) 2.74 (2.677-2.821) 0.911 A-
M/Rainy 0.0003 (0.0003-0.0005) 2.81(2.760-2.876) 0.916 A- 0.0005 (0.0004-0.0006) 3.06 (3.007-3.124) 0.926 I
Pooled 0.0002 (0.0002-0.0003) 2.67 (2.645-2.709) 0.885 A- 0.0008 (0.0007-0.0009) 2.89 (2.861-2.934) 0.871 A-
F 0.0001 (0.00005-0.0005) 2.86 (2.607-3.128) 0.889 A- 0.0024 (0.0009-0.006)  2.63 (2.402-2.872) 0.896 A-
M 0.00001 (0.000001-0.0001)  3.40 (3.00-4.00) 0901 A+ 0.0005 (0.0001-0.0024) 3.03 (2.651-3.412) 0.921 1
F/Dry 0.0001 (0.00004-0.0006) 2.88 (2.574-3.195) 0.805 A- 0.0022 (0.0007-0.0062) 2.66 (2.394-2.930) 0.826 A-
Callinectes exasperatus ~M/Dry - - - - - - - -
F/Rainy 0.0001 (0.00001-0.0011) 2.92 (2.430-3.422) 0.866 A- 0.0029 (0.0004-0.0208) 2.58 (2.08-3.086) 0.811 A-
M/Rainy - - - - - - - -
Pooled 0.0001 (0.00002-0.0003) 291 (2.740-3.281) 0846 A- 0.0021 (0.001-0.0045)  2.67 (2.479-2.864) 0.820 A-
F 0.00006 (0.00002-0.0014)  3.03 (2.284-3.782) 0.842 1 0.0013 (0.0001-0.011)  2.76 (2.170-3.364) 0.891 A-
M 0.0001 (0.00004-0.0002) 294 (2.746-3.151) 0.879 A- 0.0004 (0.0002-0.0009) 3.13 (2.931-3.334) 0.892 A+
F/Dry - - - - - - - -
Callinectes marginatus ~ M/Dry 0.00003 (0.0003-0.0003) 2.95 (2.686-3.215) 0.877 A- 0.0005 (0.0001-0.0012) 3.09 (2.829-3.353) 0.889 I
F/Rainy - - - - - - - -
M/Rainy 0.0001 (0.00003-0.0007) 2.84 (2.507-3.185) 0.866 A- 0.0004 (0.0001-0.0014) 3.15 (2.807-3.498) 0.884 A+
Pooled 0.00006 (0.00002-0.0001)  3.06 (2.862-3.272) 0.863 I 0.0003 (0.0001-0.0007) 3.19 (2.988-3.408) 0.867 A+
F 0.0001 (0.00004-0.0006) 2.76 (2.462-3.069) 0.914 A- 0.002 (0.001-0.0061) 257 (2.328-2.821) 0.934 A-
M 0.0001 (0.00009-0.0003) 2.75 (2.599-2.907) 0.855 A- 0.001 (0.0008-0.0025) 2.76 (2.607-2.915) 0.856 A-
F/Dry - - - - - - - -
Callinectes ornatus M/Dry 0.0002 (0.00009-0.0005) 272 (2.530-2.917) 0.857 A- 0.001 (0.0005-0.0028)  2.80 (2.582-3.026) 0.828 A-
F/Rainy - - - - - - - -
M/Rainy 0.0003 (0.0001-0.0012) 2.59 (2.311-2.875) 0.808 A- 0.0021 (0.0008-0.0052) 2.65 (2.394-2.918) 0.837 A-
Pooled 0.0009 (0.00009-0.0003) 2.76 (2.635-2.903) 0.872 A- 0.0014 (0.0009-0.0023) 2.75 (2.622-2.890) 0.871 A-
F 0.0007 (0.0002-0.0023) 2.61(2.391-2.841) 0.896 A- 0.002 (0.001-0.0062) 2.55 (2.304-2.808) 0.892 A-
M 0.0003 (0.0001-0.0007) 2.84 (2.643-3.044) 0.828 A- 0.0006 (0.0003-0.0013) 2.95 (2.771-3.136) 0.862 A-
F/Dry 0.004 (0.0006-0.0326) 2.61(2.308-2.929) 0.887 A- 0.002 (0.0008-0.0048)  2.60 (2.359-2.850) 0.931 A-
Charybdis hellerii M/Dry 0.0002 (0.00008-0.0008) 291 (2.644-3.208) 0831 A- 0.0007 (0.0003-0.0018) 2.92 (2.679-3.171) 0.866 A-
F/Rainy 0.0008 (0.0002-0.0031) 2.59 (2.264-2.921) 0950 A- 0.003 (0.0006-0.0174)  2.52 (2.046-3.010) 0.893 A-
M/Rainy 0.0005 (0.0001-0.0016) 2.74 (2.453-3.032) 0.823 A- 0.0005 (0.0002-0.0016) 2.99 (2.715-3.280) 0.854 A-
Pooled 0.0002 (0.0001-0.0005) 2.87 (2.720-3.031) 0.861 A- 0.0008 (0.0005-0.0014) 2.89 (2.754-3.039) 0.882 A-
F 0.0017 (0.001-0.002) 2.68 (2.585-2.780) 0.887 A- 0.003 (0.002-0.004) 2.58 (2.497-2.672) 0.901 A-
M 0.001 (0.001-0.002) 2.66 (2.591-2.734) 0.925 A- 0.004 (0.003-0.005) 2.53 (2.483-2.586) 0.955 A-
F/Dry 0.0007 (0.0004-0.001) 291 (2.764-3.063) 0.883 A- 0.004 (0.003-0.007) 251 (2.388-2.642) 0887 A-
Goniopsis cruentata M/Dry 0.001 (0.001-0.002) 2.73 (2.628-2.840) 0924 A- 0.004 (0.003-0.006) 2.52 (2.449-2.610) 0.947 A-
F/Rainy 0.002 (0.001 - 0.004) 2.52 (2.393-2.655) 0.893 A- 0.003 (0.002-0.004) 2.61(2.492-2.731) 0915 A-
M/Rainy 0.001 (0.001-0.003) 2.57 (2.492-2.661) 0.941 A- 0.004 (0.003-0.005) 251 (2.464-2.580) 0.970 A-
Pooled 0.001 (0.001-0.002) 2.67 (2.616-2.730) 0.913 A- 0.004 (0.003-0.004) 2.55 (2.512-2.604) 0.936 A-
F 0.0007 (0.0003-0.001) 2.86 (2.646-3.082) 0.801 A- 0.004 (0.002-0.006) 2.62 (2.503-2.754) 0912 A-
M 0.0007 (0.0004-0.001) 2.89 (2.758-3.034) 0.800 A- 0.007 (0.004-0.0104) 252 (2.428-2.627) 0.855 A-
F/Dry 0.0007 (0.0002-0.002) 2.88 (2.567-3.205) 0.803 A- 0.003 (0.001-0.006) 2.70 (2.534-2.866) 0.930 A-
Ucides cordatus M/Dry 0.0005 (0.0002-0.001) 2.96 (2.777-3.143) 0.813 A- 0.191 (0.110-0.330) 2.53 (2.381-2.694) 0.814 A-
F/Rainy 0.0009 (0.0003-0.002) 2.80 (2.516-3.085) 0.816 A- 0.006 (0.003-0.0124) 2.51(2.330-2.697) 0.895 A-
M/Rainy 0.0006 (0.0003-0.0014) 2.89 (2.700-3.092) 0.817 A- 0.007 (0.004-0.011) 2.51(2.396-2.634) 0.901 A-
Pooled 0.0005 (0.0003-0.0009) 2.94 (2.829-3.054) 0.816 A- 0.004 (0.003-0.006) 2.62 (2.543-2.716) 0.857 A-

Sexual dimorphism in the seven species studied (except for
C. exasperatus) can also be seen in other populations (Pinheiro
and Fiscarelli, 2009; Aradjo et al., 2012) more clearly in the
width-weight and length-weight relationships, as the species
C. danae, C. exasperatus and C. marginatus. Within the brachyu-
ran crabs, males are usually larger and heavier than females
(Hartnoll, 2006; Navarro-Ojeda et al., 2022). This is due to the
greater reproductive effort in males, directing their energy to-
wards body increase, which gives them a greater probability of
copulate and consequently leaving offspring (Pinheiro and Fran-
sozo, 1999; Mantelatto and Martinelli, 1999). On the other hand,
females invest a greater portion of energy in the development of
the gonads and in the production of eggs (Kotiaho and Simmons,
2003), leading them not to reach larger sizes than males.

The sex ratios observed in this study were skewed toward
males in some species and females in others, with the exception
of C. danae and G. cruentata which were more balanced. The

mechanisms underlying these variations have been reported to
be ecological differences and human-induced activities between
the sexes appear to be the major explanation for sex ratio bias in
crustaceans (Ewers-Saucedo, 2019; Ogburn, 2019). In particular
fishing mortality, catchability, longevity, seasonal migrations or
behavioral characteristics in response to fluctuating environmen-
tal conditions (e.g. temperature and salinity), can lead to skewed
sex ratios of crabs in estuaries.

The estimations for the b allometric coefficient b varied within
the range of values (2.5 to 3.5) indicated for healthy marine
populations (Carlander, 1969; Froese, 2006). Mostly, the studied
species showed a negative allometric growth, and these data were
consistent with those found in previous estimates on these com-
mercially important crustaceans (Table 4 and references therein).
The species C. exasperatus and C. marginatus had the largest
coefficients, notably superior from the other species analyzed (p
< 0.05).
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Analysis of covariance (ANCOVA) results showing comparisons of slopes b and intercepts a between sexes and climatic season for each species of decapod crustacean
in the Paraguacu River estuary. Significant values (P value < 0.05, in bold) and degree of freedom (F value) are presented for each species.

Species CW x W Regression parameters CL x W Regression parameters

slope b intercept a slope b intercept a
F value P value F value P value F value P value F value P value
Callinectes danae Sex 49.09 <0.0001 15572.1 <0.0001 734.78 <0.0001 11981.30 <0.0001
Season 2.8307 0.0925 16494.42 <0.0001 11142 <0.0001 10833.69 <0.0001
Callinectes exasperatus Sex 637.70 <0.0001 298.82 <0.0001 752.55 <0.0001 268.80 <0.0001
P Season 625.40 <0.0001 287.29 <0.0001 74491 <0.0001 261.54 <0.0001
Callinectes mareinatus Sex 862.37 <0.0001 479.95 <0.0001 995.75 <0.0001 497.99 <0.0001
& Season 854.46 <0.0001 453.90 <0.0001 876.61 <0.0001 416.75 <0.0001
Callinectes ornatus Sex 1564.31 <0.0001 835.73 <0.0001 1608.79 <0.0001 72391 <0.0001
Season 1513.61 <0.0001 794.94 <0.0001 1412.08 <0.0001 633.71 <0.0001
Charvbdis hellerii Sex 1203.97 <0.0001 628.11 <0.0001 1320.48 <0.0001 651.37 <0.0001
1y Season 1387.03 <0.0001 671.56 <0.0001 1623.56 <0.0001 732.58 <0.0001
Goniopsis cruentata Sex 8361.73 <0.0001 3757.30 <0.0001 11903.32 <0.0001 4849.99 <0.0001
P Season 8666.67 <0.0001 3895.08 <0.0001 12318.05 <0.0001 5023.24 <0.0001
Ucides cordatus Sex 2382.26 <0.0001 960.08 <0.0001 3990.74 <0.0001 1222.68 <0.0001
Season 2867.99 <0.0001 1156.00 <0.0001 3597.84 <0.0001 1098.08 <0.0001
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Fig. 2. Fulton’s condition factor (K) by sex, climatic season and pooled data (Total) for each crustacean species from Paraguagu River estuary, Brazil, using carapace
width and carapace length, respectively: (A-B) Callinectes danae; (C-D) C. exasperatus; (E-F) C. marginatus; (G-H) C. ornatus, (I-]J) Charybdis hellerii; (K-L) Goniopsis
cruentata and; (M-N) Ucides cordatus. Plots show the median (line drawn), quartiles (box portion), minimum and maximum data value (end of whiskers) and outliers

(open circles).

The WWR and LWR indicated that the portunids may occa-
sionally display different patterns of allometric growth, coincid-
ing with those previously observed, such as C. danae and C. or-
natus in northeastern and northern Brazil (Shinozaki-Mendes and
Lessa, 2017; Oliveira et al., 2022), G. cruentata (Santos et al., 2013;
Reis et al., 2015) and U. cordatus (Aratjo and Calado, 2008; Pin-
heiro and Fiscarelli, 2009; Aratjo et al., 2012; Leite et al., 2014),
but differing from those found in other parts of Brazil (Table 4
and references therein). The different spatial patterns across pop-
ulations may reflect changes in life histories for the same species
(Aragjo and Lira, 2012). Overall, variations in allometric coeffi-
cients can be related to numerous direct and indirect factors,
including biotic factors, e.g. physiological features, growth phase,
sex, sexual maturity, stomach fullness, length frequency, food
availability, nutrition (Le Cren, 1951; Froese et al., 2011), abiotic
conditions, e.g. climatic seasons, temperature, salinity, pH, dis-
solved oxygen (Hartnoll, 1985) or human pressures, e.g. fishing,

coastal urbanization (Branco and Fracasso, 2004; Rudershausen
et al,, 2021).

The K values varied according to both factors, with females
generally having higher condition factor values, as well as dur-
ing the breeding season (Fig. 2). There are several bioecological
processes that are often recognized as influencing the condition
of crustaceans. Adverse environmental conditions, poor feeding
sources, parasite infections, spawning activity and seasonality
have all been reported to influence temporal and/or spatial vari-
ation in condition factors between or within different stocks
(Froese, 2006; Hartnoll, 2006; Hines et al., 2008). Lira et al. (2012)
analyzing the seasonal variations in condition factor suggest that
the size is an important feature that influences the condition fac-
tor between species. According to Pinheiro and Fiscarelli (2009)
studying U. cordatus, the improved feeding conditions in the
autumn compared to the earlier months (summer), lead to crabs
of both sexes to present higher K values.
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Table 4
Review of width/length-weight relationships (intercept a and slope b) of crustaceans studied in the present work.
Species Width-weight relationship Length-weight relationship Locality Reference
Range a Range b Range a Range b
0.001-0.0019 2.65-2.82 Mundai Lagoon, Alagoas, Brazil ~ Pereira-Barros and Travassos
(1975)
0.0738-0.0889  2.80-2.89 Itacorubi mangrove, Santa Branco and Thives (1991)
Catarina, Brazil
0.0715 291 Conceicdo Lagoon, Santa Branco and Masunari (1992)
Catarina, Brazil
0.162-0.184 2.81-2.89 0.840-0.872 2.75-2.82 Ciénaga Grande de Santa Escobar M.R. Giraldo (1993)
Marta, Colombia
0.0001 3.00-3.01 Shangri-la Beach, Parand, Brazil Baptista-Metri et al. (2005)
0.0087-0.085 2.84-2.85 Babitonga Bay, Santa Catarina, Pereira et al. (2009)
Brazil
0.00006-0.0001 2.87-2.99 Guanabara Bay, Rio de Janeiro, Golodne et al. (2010)
Brazil
Callinectes danae 0.0007-0.0001 2.87-2.98 Margarita Island, Venezuela Castillo et al. (2011)
0.00008-0.0012 3.02-3.12 Santa Cruz Channel, Aragjo and Lira (2012)
Pernambuco, Brazil
0.00009-0.0001 2.93-3.06 Santos-Sdo Vicente estuary, Sdo  Scalco (2012)
Paulo, Brazil
0.0702 3.11 Iguape and Cananéia Severino-Rodrigues et al.
Estuarine-Lagoon Complex, Sdo (2012)
Paulo, Brazil
0.0871 2.83 Santa Cruz Channel, Shinozaki-Mendes and Lessa
Pernambuco, Brazil (2017)
0.00035 2.67-2.68 Margarita Island, Venezuela Eslava et al. (2019)
0.0001 2.79 0.0006-0.0011  2.85-3.03 Caeté, Pirabas and Salinas Oliveira et al. (2022)
estuaries, northern Brazil
0.0001-0.0006 2.67-2.81 0.0005-0.0016  2.70-3.06 Paraguagu River estuary, Bahia, Present study
Brazil
Callinectes exasperatus ~ 0.00001-0.0001 2.86-3.4 0.0005-0.0029  2.58-3.03 Paraguagu River estuary, Bahia, Present study
Brazil
Callinectes marginatus 0.00003-0.0001 2.84-3.06 0.0003-0.0013  2.76-3.19 Paraguacu River estuary, Bahia, Present study
Brazil
0.20-1.07 2.09-2.15 Mullet Bay, Bermuda Haefner (1990)
0.51-0.65 2.95-3.17 Matinhos region, Parand, Brazil Branco and Lunardon-Branco
(1993)
0.06 2.98-3.14 Ria Celestdn, Yucatan, Mexico Andrade Hernandez (1999)
0.000000005 3.09-3.12 Shangri-la Beach, Parand, Brazil Baptista et al. (2003)
0.0466-0.0498 3.10-3.16 Armacdo do Itapocoroy, Santa Branco and Fracasso (2004)
Catarina, Brazil
0.00003-0.00004  3.10-3.15 Guanabara Bay, Rio de Janeiro, Golodne et al. (2010)
Brazil
Callinectes ornatus 0.00001 331-3.38 Sucre, northern Venezuela Moreno et al. (2011)
0.00005-0.00007  2.96-3.05 Northern Rio de Janeiro, Brazil Tudesco et al. (2012)
0.0004-0.0006 3.04-3.17 Sdo Francisco River, Northeast, Santos et al. (2016)
Brazil
0.0003 2.55 0.0008 2.84 Caeté, Pirabas and Salinas Oliveira et al. (2022)
estuaries, northern Brazil
0.00006-0.0001 2.89-3.17 0.0003-0.0016  2.67-3.18 Pirambu, Sergipe, Brazil Santos et al. (2022)
0.0001-0.0009 2.59-2.76 0.001-0.0021 2.57-2.80 Paraguagu River estuary, Bahia, Present study
Brazil
0.0001-0.0002 2.94-3.22 Ubatuba Bay, Sdo Paulo, Brazil Mantellato and Garcia (2001)
Charybdis hellerii 0.0002-0.004 259-291  0.0005-0.003  2.52-2.99 Paraguacu River estuary, Bahia,  Present study

Brazil

(continued on next page)
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Species Width-weight relationship Length-weight relationship Locality Reference
Range a Range b Range a Range b
0.1738-0.3981 3.24-3.30 Mundad/Manguaba estuarine Lira et al. (2012)
complex, Alagoas, Brazil
0.0005-0.0006 2.94-2.99 Caravelas River estuary, Bahia, Santos et al. (2013)
Goniopsis cruentata Brazil
0.4991-1.2046 2.31-2.93 Dura Beach, Ubatuba, Sdo Reis et al. (2015)
Paulo, Brazil
0.0007-0.002 2.52-291 0.003-0.004 2.51-2.61 Paraguacu River estuary, Bahia, Present study
Brazil
0.9827-1.1624 2.46-2.62 Itacorubi mangrove, Santa Branco (1993)
Catarina, Brazil
0.0002-0.0016 2.64-3.08 0.0006-0.0038 2.58-3.07 Formoso and Ilhetas River Botelho et al. (1999)
estuary, Pernambuco, Brazil
0.0005-0.0007 2.87-2.93 Mundai/Manguaba estuarine Aragjo and Calado (2008)
complex, Alagoas, Brazil
0.0004-0.0007 2.88-2.99 Barra de Icapara, Sdo Paulo, Pinheiro and Fiscarelli (2009)
Brazil
0.0004 2.97-3.00 Vitoria Bay, Espirito Santo, Goées et al. (2010)
Brazil
0.0003-0.0012 2.83-3.03 Ariquinda and Mamucabas Aragjo et al. (2012)
id d River, Pernambuco, Brazil
Ucides cordatus 0.047-7.4557 2.40-2.70 Amapi, Calcoene and Amaral et al. (2014)
Oiapoque, northern Brazil
0.0006-0.0007 2.89-2.95 Jaguaribe River mangrove, Leite et al. (2014)
Ceard, Brazil
0.0004-0.005 2.99-3.00 Joanes River estuary, Bahia, Moraes et al. (2015)
Brazil
0.0017-0.054 1.87-2.63 Maranhao Island, northern Rocha and Lima (2020)
Brazil
0.001-0.0021 2.59-2.79 Babitonga Bay, Santa Catarina, Pescinelli et al. (2021)
Brazil
0.0005-0.0009 2.80-2.96 0.003-0.191 2.51-2.70 Paraguagu River estuary, Bahia, Present study
Brazil

Condition factor of females and males in WWR and LWR may
change throughout climatic seasons as result of its lifestyle and
ontogenetic changes of crustaceans (Boothby and Avault, 1971).
For instance, species of the genus Callinectes Stimpson, 1860 per-
form a reproductive migration from estuarine oligo/mesohaline
regions of estuary to the lower estuary and the adjacent coastal
ocean looking for more saline zones, which can trigger the go-
nadal development and facilitate larval dispersal (Branco and
Masunari, 1992; Hines et al., 2008; Shinozaki-Mendes and Lessa,
2017).

Females of the invasive species C. hellerii in the Paraguaci
river estuary showed a lower regression coefficient compared
to males, due to their larger and heavier gonads and a high
number of ovigerous females sampled, which resulted in a greater
condition factor (especially in dry season) as observed for other
brachyurans (Table 4 references). In G. cruentata, the variation
of the condition factor showed a slight difference, with males
being larger than females, contrasting with the results obtained
by other studies (Lira et al., 2012). There was no clear pattern of
the condition factor in WWR and LWR among males and females
of Ucides cordatus, but it increased in the dry season, which was
the reproductive period of this species, and were in agreement
with results obtained from other geographical areas (Pinheiro and
Fiscarelli, 2009; Aragjo et al., 2012).

Based on results obtained and previously reported, the con-
dition factor of crustaceans of both sexes can be connected to
reproductive season, which proves to be an important indica-
tor in understanding reproductive behavior and managing these
economically exploited species. The width-weight and length-
weight relationships, and condition factors obtained in this study
could be useful in biomass dynamics modeling of estuarine crus-
taceans which are one of the main targets of local artisanal fishing
activity and whose population dynamics and structure is poorly
studied especially in the eastern Brazilian region.

5. Conclusions

The present study reported the width-weight and length-
weight parameters, and their condition factors of seven crus-
tacean species from the eastern Brazil. The growth types for these
crustacean species of the Paraguacu River estuary were estimated,
and mainly the species showed a negative allometric growth for
WWR and for LWR (b < 3). The assessment of the condition
factor showed that in general females were higher than males
during the dry period, indicating good conditions for crustacean
species. These morphometric relationships have prompt applica-
bility for supplying basic knowledge needed in stock assessments
and management frameworks of traditional artisanal fisheries.
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