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Weight/carapace length relationship and
condition factor of the roughneck shrimp,
Rimapenaeus constrictus (Stimpson, 1874),
on the southeastern Brazilian coast
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ANTONIO L. CASTILHO

Abstract: Rimapenaeus constrictus is a penaeid shrimp widely distributed in the
Western Atlantic, frequently captured as bycatch in trawling activities. Here we describe
the weight vs. carapace length relationship and the condition factor of the species.
Shrimps were sampled in the Ubatuba region, northern littoral of Sao Paulo State,
monthly. We analyzed 4,952 individuals (1,371 males and 3,581 females). We measured
the individuals’ weight and carapace length, and the condition factor (CF) was calculated
for both sexes. Females had a heavier body when compared to males, probably due to
their greater maximum body size achieved. Both sexes presented a negative allometric
growth in weight, probably due to their reproductive pattern and activities. We found
similar mean CF values for males and females. From temporal analysis, the highest CF
values for females were observed during the seasons with lower water temperatures.
Such a situation may happen because females' CF tend to be influenced by a greater
food availability in the environment, induced by the intrusion of the South Atlantic
Central Water during the spring and early summer in the Ubatuba. The information
presented here could be used as subside in protection actions and management of
bycatch species.
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is not commercially exploited (Lopes et al. 2017).
In this sense, even though R. constrictus does

Rimapenaeus constrictus (Stimpson, 1874), also
known as ‘roughneck shrimp’ exhibits a wide
geographical distribution, with occurrences
recorded from Nova Scotia (Canada, 44°N)
through Santa Catarina (Brazil, 26°S) (Costa et al.
2003). Unfortunately, their broad geographical
range may result in an equally high influence
from the shrimp-fishing activities. This species
is among the most often accidentally caught
by non-selective fishing gear during trawling
activities, mainly in the northern coast of
Sao Paulo State (Brazil) (Keunecke et al. 2007,
Mantelatto et al. 2016), and due to its small size, it

not represent an expressive economic resource,
as it is part of the bycatch fauna, and are an
important species in nutrient cycling having an
important ecological role in marine food webs
(Pérez-Farfante & Kensley 1997, Costa & Fransozo
20043, b, Keunecke et al. 2007).

According to Gould (1966), the relative
growth occurs when organisms respond to
environmental variations or physiological needs
through differences in growth rates of particular
parts of the body. This process is frequently
studied through morphometric relationships
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between different parts of the body, or between
length and weight, or length and volume
(adjusted by the power function y = a.x”) (Gould
1966). The growth in weight may differ according
to each maturation phase, in populations from
different localities and between sexes (Hartnoll
1982). The weight/carapace length relationship
provides important information about the
population’s biomass, acts as an indicative of
fatness, and demonstrates its environmental
adaptive capability (Santos 1978, Froese 2006).
However, knowledge about the fattening aspects
of R. constrictus remains scarce.

Even being substantially captured by the
trawling fleet, only a few studies have been
undertaken to elucidate the basic biology of this
species. Along the Brazilian coast, specifically in
the northern coast of Sao Paulo State (Brazil)
several studies were conducted focusing on its
distribution, reproductive ecology and growth
(Costa & Fransozo 2004a, b, Hiroki et al. 2011,
Lopes et al. 2017). In the southern littoral of Sao
Paulo State, Garcia et al. (2016) addressed its
reproductive dynamics and growth. In addition
to the studies conducted on the Brazilian coast,
Bauer & Lin (1994) evaluated the reproductive
and recruitment periods of the congeneric
species, Rimapenaeus similis (Smith, 1885) and
R. constrictus, in the Gulf of Mexico.

It is important to point out that, to the date,
there are no available studies in the literature,
concerning neither the weight vs carapace
length relationship nor the condition factor of
R. constrictus, what makes the present study the
first using this tool for the roughneck shrimp. It
is necessary to strengthen the knowledge about
different aspects of its biology to provide for the
maintenance of an effective conservation plan,
especially when considering that the current
knowledge is insufficient to take scientifically
based decisions, such as the sustainable use

WEIGHT/CARAPACE AND CONDITION OF R. constrictus

measurements for marine shrimp fishing (Dias
Neto 2011).

Facing this scenario, we here described the
condition factor and the relationship between
weight and carapace length for R. constrictus,
within 2 years in Ubatuba, northern littoral of
Sao Paulo State.

MATERIALS AND METHODS

Sampling

Sampling was carried out monthly from Jan /1998
through Dec/1999 alongthe northern coast of Sao
Paulo State, in the Ubatuba region (23°29'06"S,
45°05'00"W). Samples were obtained during the
day using a shrimp-fishing boat outfitted with
double-rig nets (mesh size: 20 mm knot-to-
knot in the body and 15 mm in the cod end).
The average temperature was measured with the
Eureka multiparameter probe. Individuals were
sorted to sex, according to the morphology of the
first pleopod (males) or the sternum (females)
(Costa et al. 2003). Shrimps were then measured
with an analog caliper (0.05 mm precision)
to their carapace length (CL, a standard body
measurement that corresponds to the linear
distance from the post-orbital angle and the
posterior margin of the carapace). Shrimps were
dried in an oven (60°C for 48h) to obtain the dry
weight (WE), which was then determined by an
electronic digital balance (0.0001 g precision).
The dry weight was used because the animals
were fixed in alcohol solution (70%) and then
transported to the laboratory, and because
alcohol dehydrates the material, we employed
dry weight to standardize the weight measures.
The normality of the CL and WE were tested, and
the proper statistic test were used to compare
males and females.
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Condition factor and weight/carapace length
relationship

Before the analysis the biometric data (Weight
and Carapace Length) were log-transformed to
obtain normality to attend to statistical premises.
The WE/CL relationship was estimated using the
logarithmic form [nNWE = lna + bInCL, considering
WE as the dependent variable and CL as the
independent variable (Froese 2006). The ‘b’
allometric constant value was tested using the
Student’s t-test (p = 0.05) (Zar 2010). The value of
‘b’ represents the type of growth, indicating an
isometry (b = 3, weight and carapace length grow
in equal proportions), positive allometry (b > 3,
weight increases more in than carapace length)
and negative allometry (b < 3, carapace length
increases more than to weight) (Froese 2006).

The modified power function a = WE/CL"
was used to estimate the condition factor ‘a’,
individually and for each sex, whereas the WE/
CL relation was used to determine the constant
‘b” of all individuals (Okon & Sikoki 2014). The
normality of the condition factor values obtained
were verified using the Shapiro-Wilk test, and
posteriorly compared using the Wilcoxon test (p
= 0.05) (Zar 2010).

201

Carapace Length (mm)

WEIGHT/CARAPACE AND CONDITION OF R. constrictus

The data were grouped into seasons
(summer: January to March, autumn: from April
toJune, winter: July to September, spring: October
to December) so the data of condition factor
and temperature could be better visualized.
To identify differences in the condition factor
between years (1998 x 1999), for each sex
separately, we used the Wilcoxon test (p = 0.05).

RESULTS

During this study, 4,952 individuals of R.
constrictus were analyzed (1,371 males and 3,581
females). The CL ranged from 41 to 15.7 mm
in males and from 3.4 to 19.7 mm in females
(Figure 1). The median CL registered for males
was significantly different from the median CL
observed for females (Wilcoxon, W = 688057, p <
0.001). The WE varied from 0.05 to 2.8 g in males,
and from 0.05 to 417 g in females (Figure 2). The
median WE obtained for males was statistically
different from the median obtained for females
(Wilcoxon, W = 784686 p < 0.001).

The WE/CL relationship presented a negative
allometric growth weight (b < 3) for both sexes,
the equations and values can be seen in Figure
3and Table I.

Females

Malles
Sex

Figure 1. Rimapenaeus constrictus (Stimpson, 1874). Boxplot of Carapace Length (CL) for both sexes. Line inside the
box indicates median, box indicate first and third quartiles and whiskers indicates minimum and maximum.
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The condition factor (CF) presented a non-
normal distribution for both males (W = 0.88,
p < 0.05) and females (W = 0.85, p < 0.05), with
very similar values for both sexes (Figure 4).
The median CF analyzed for males showed no
significant difference from that one observed
for females (Wilcoxon, W = 2430332, p = 0.58).
The highest CF values observed for females were
during the winter and spring/98, and spring/99.
The males median values of CF did not differ
between the years (Wilcoxon, W = 228196, p
= 0.2), however, the females median values
were significant different between the years
(Wilcoxon, W = 1539058, p = 0.04) (Figure 5).

DISCUSSION

Penaeid species tend to exhibit differences
in growth rate between sexes (Gab-Alla et al.
1990). According to Eberhard (2009), different
selective pressures over both females and
males may induce the commonly observed
sexual dimorphism in body size. In this sense,
such morphological difference is nothing but
a result of the different energetic output and
reproductive roles between sexes. Individuals of
R. constrictus were widely reported displaying

w
1

Weight (g)
N
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such a sexual dimorphism, since females usually
reach greater sizes than males, as observed in
our results (Costa & Fransozo 2004a, Garcia et
al. 2016, Lopes et al. 2017). Some authors suggest
that this difference in CL might be related to
their reproductive aspects (Gab-Alla et al. 1990,
Costa & Fransozo 2004a). According to Garcia et
al. (2016), males of R. constrictus have a higher
growth rate (k) than females with a shorter
lifespan, therefore, males could reach maturity
sooner than females and would be able to
copulate with larger females and since males
have a short lifespan they could disappear from
population while the females remain and keep
growing reaching larger sizes.

According to Hartnoll (1982), the weight gain
pattern is ontogenetically determined, varying
between sexes in the same species. For Rio de
Janeiro region, were found that females had
negative allometry growth for fattening and
isometric growth for males (Oliveira-Souza &
Lavrado 2017), the “b” values found by the authors
are close to what found in our study, especially
forfemales. We propose that uncountable factors
could be related to the higher WE observed in
females in our study. We suggest that the higher
CL observed for females probably was the main

T
Females

T
Males

Sex

Figure 2. Rimapenaeus constrictus (Stimpson, 1874). Boxplot of Weight (WE) for both sexes. Line inside the box
indicates median, box indicate first and third quartiles and whiskers indicates minimum and maximum.
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reason that led to a heavier body weight since
they are a collinear data (see r2 values at Figure
1 and Table 1), although we do not discard the
influence of the other factors. According to
Lopes et al. (2017), the type of the sediment in
the Ubatuba region (same region and period
as the present study) are characterized by very
coarse, coarse and medium sand which favors
both a higher retention of organic matter (a
food resource) and the species’ burrowing
behavior (Mantelatto & Fransozo 1999). Besides,
females tend to feed for longer periods than
males to supply the nutrients need during
their gonadal maturation period (Kevrekidis
& Thessalou-Legaki 2006). In this way, we also
propose that the longer feeding time can induce
an increased WE in females. Besides that, the
female tendency of higher energetic investment
in the development of the gonad could be an
additional reason for them to present a heavier
body weight than males, mainly during the
reproductive period (Hines 1982, Hartnoll 1985,
Lopez-Greco & Rodriguez 1999, Zara et al. 2013).

The similarity in the CF values between
the sexes may demonstrate that even though
females presented a higher body weight, the
fattening rate tends to be similar for both sexes.
This pattern of similar CF between sexes were
also seen for other peneid shrimps such as

Males

= o

InWE =-6.12 + 2.56InCL
=082

Weight (log g)

\
N I - T

Carapace length (log mmn)

WEIGHT/CARAPACE AND CONDITION OF R. constrictus

Penaeus semisulcatus De Haan, 1844 (Thomas
1975) and Penaeus monodon Fabricius, 1798
(Gopalakrishnan et al. 2014). As pointed out by
Santos-Filho et al. (2016), this similarity may
indicate that the CF does not depend on the
largest size reached by each sex, as observed in
our results. Thus, we strongly suggest that even
though there is some similarity in the CF values
between the sexes, females are heavier because
they reach larger body sizes.

The southeastern Brazilian continental
shelf is influenced by water masses such as
the South Atlantic Central Water (SACW), which
is responsible for the decreasing in water
temperature and salinity during the spring
and early summer (Castro-Filho et al. 1987). In
our study, we detected this decrease in water
temperature during spring 98/99, induced by
the intrusion of the SACW, which has already
been previously detected by Costa & Fransozo
(2004a). According to Vega-Pérez (1993), the
SACW approaching increases the phytoplankton
production, consequently, increasing the
water a-chlorophyll concentration, confirming
the tendency for water enrichment along the
continental shelf during summer (Castro-Filho et
al. 1987). The major peaks of females’ CF values
were observed during the seasons with low
water temperature. Although Branco et al. (1992)

Females

INWE = -6.11 + 2.55InCL

Carapace length (log mmn)

Figure 3. Rimapenaeus constrictus (Stimpson, 1874). Scatter plot of weight (WE) and carapace length (CL) for males
and females sampled from January 1998 through December 1999 in the northern Sao Paulo State littoral, Brazil.
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stated that the gonadal development presents a
higher influence over the CF when compared to
the food availability, the CF has been determined
as an index of both growth and intensity of
feeding (Branco et al. 1992, Froese 2006) and,
if so, it can be influenced by the availability of
food in the environment (Pinheiro & Fiscarelli
2009). Therefore, we propose that the amount of
nutrients available during the intrusion of SACW
might also have influenced the peaks of higher
females’ degree of fattening, even though we do
not discard the possibility of other influences.
The negative allometry registered for both
males and females indicates that individuals
displayed a higher increase in CL (size) than in
WE. Because R. constrictus exhibits a continuous
reproduction throughout the year in the same
region as addressed in our study (Costa &
Fransozo 2004a), we may infer that individuals
were constantly investing energy in both growth
and gonadal development. However, we suggest
that during the reproductive activities, when
males copulate (releasing their spermatophores)
and females spawn, part of their weight,
which had once been invested in gonadal
development, is lost, since it is converted
into their offspring (Dall et al. 1990). If so, the

WEIGHT/CARAPACE AND CONDITION OF R. constrictus

constant weight loss in each reproductive cycle
and the weight gain (provided by the continuous
gonadal investment) at the end of it makes their
weight to be frequently oscillating. It probably
explains the individual's reason to grow more
in size than in weight, because growth would
occur continuously, without losses, whereas
weight would be susceptible to such variations
during each reproductive event (Dall et al. 1990).
Moreover, the “b” constant determined in our
results was within the common values previously
obtained for other aquatic organisms, including
other decapod crustaceans (between 2 and 4)
(Hartnoll 1982).

The WE/CL relationship and patterns of
condition factor provide important information
to increase the knowledge of the species’ biology,
especially considering the lack of studies
addressing R. constrictus. Such information
may be helpful to protect this widely captured
bycatch species, and therefore, we encourage
the development of more detailed laboratory
studies to determine the additional factors that
may influence the WE/CL relationship and the
patterns on the condition factor.

Table I. Rimapenaeus constrictus (Stimpson, 1874). Results of the regression analyses for individuals sampled from
January 1998 through December 1999 in the Ubatuba region, northern Sao Paulo State littoral, Brazil.

Linearized Equation

Sex n r2 t(H : b=3 Allom.
lny = lna + b.lnx Hy )
M 1371 [NWE =-612 + 2.56[nCL 0.82 80.36 -
F 3581 [NWE = -611+ 2.55IlnCL 0.92 216.7 -
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Figure 4. Rimapenaeus constrictus (Stimpson, 1874). Boxplot of Condition Factor for both sexes. Line inside the box
indicates median, box indicate first and third quartiles and whiskers indicates minimum and maximum.
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