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ABSTRACT ARTICLE HISTORY
The present study evaluates the ontogenetic/sexual morphometric variation in Xiphopenaeus kroyeri. Received 9 February 2018
Sampling was from July 2001 to June 2003 at Ubatuba, Séo Paulo, Brazil. Animals were sexed and Accepted 29 March 2018
measured (cephalothorax length-CC, partial of the rostral spine-CPR, rostral spine-CR and rostral spine
angulation-AR). Data analysis included linear morphometric analysis: equation Iny =In a + In b (sex/ Multivariate morphometry;
ontogeny fitting), k-means method (ontogenetic classification), analysis of covariance (morphological Atlantic seabob; von Mises.
maturity), removal of the allometric effect, verification of parametricity and collinearity, principal distribution; rostral spine
component (PCA) and linear discriminant analysis (visualization of tendencies), permutational angulation

multivariate analysis of variance (hypothesis test). In addition, circular analysis was undertaken: circular

normal distribution and concentration parameter, circular analysis of variance (hypothesis test), PCA

(observe tendencies) and linear-circular regression (ontogenetic trajectory, RA-dependent variable,

CL-independent variable). Morphological changes in the cephalothorax, in the adult stage, may be

related to the increase in size of the gonads during sexual maturation and to the development of gills

during the transition from arthrobranch (juvenile) to dendrobranch (adult). The rostral spine, in the

adult stage, tends to become more elongated and more sharply angled. This feature may be related

to predation pressure on larger specimens (adults), knowing that throughout its ontogeny the rostral

spine of this species assumes phenotypic traits that make swallowing more difficult for predators.

KEYWORDS

Introduction growth, the correlation between body dimensions, com-
paring ontogenetic stages, genders or species, and their
eco-evolutionary implications (Hartnoll 1978). Another way
is to study variation of shape, as well as their covariance
with other variables (e. g. population cohort, sex, ontoge-
netic stages and environmental characteristics), called mor-
phometry (Oxnard 1978; Bookstein 1991; Konan et al. 2010).
The rostral spine, for example, is a morphological structure
thatis changeable in length (Jayachandran et al. 1996; Kapiris
and Thessalou-Legaki 2001; Kapiris 2005; May-Ku et al. 2006),
shape, and angulation during ontogenetic development
and the spine is also sexually dimorphic (Dall et al. 1990; Lins
Oliveira 1991). Personal observations (S. Moreas) in studies of
Xiphopenaeus kroyeri (Heller, 1862) suggest that this structure
is fairly variable in both juveniles and adults of both sexes.
The Atlantic seabob, X. kroyeri, is a species of penaeid
shrimp very common on sand and mud in shallow tropical

Ontogeny in crustaceans is marked by morphological
changes caused by differentiated growth of certain tag-
mata, resulting in the appearance of secondary characters
with the passage from the juvenile to adult stage (Hartnoll
1978). Some secondary sexual characters are evident
owing to the differentiated ontogeny for the sexes, such
as the presence of a thelycum (found ventrally at the base
between the fourth and fifth pair of pereiopods of female
shrimps) and petasma (copulatory appendage attached to
the first pair of pleopods in male shrimps), in the suborder
Dendrobranchiata Spence Bate, 1888 (Pérez-Farfante 1969;
Dall et al. 1990). Moreover, these shrimps have marked size
sexual dimorphism, with males tending to be smaller than
females (Gulland and Rothschild 1981).

Other characters, can be subtle, requiring quantitative
analyses. One way to analyse quantitatively is relative
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Figure 1. Sampling location in the Southeastern coast of Brazil. Ubatuba and Caraguatatuba. Sampling occurred at depths of 5, 10, 15,

20, 25,30 and 35 m. (Source: Paulo Victor do Nascimento Araujo).

and subtropical Atlantic coastal regions. It has a wide dis-
tributional range, from Rio Grande do Sul - Brazil (32°
39'S and 52° 20'W) to Virginia — USA (36° 54'N and 75°
43'W) (D’Incao 1999; Costa et al. 2003), and is the third
most important fishing resource of the coast of the state
of Sao Paulo, Brazil. It is considered an important resource
in artisanal fishing along the Brazilian coast (Branco 2005;
Costa et al. 2007; Dias-Neto 2011; Thomé-Souza et al.
2014). Morphological differences that determine cohorts,
ontogenetic stages and sexual dimorphismin a population
may be relevant information to support future studieson a
taxon (Swain and Foote 1999; Turan et al. 2006; Konan et al.
2008, 2010). For example, morphometric studies on prawns
and shrimps have revealed populational variations (Garcia-
Davila et al. 2005; Konan et al. 2008, 2010), morphotypes
(Rojas et al. 2012), growth information (Jayachandran et
al. 1996; Kapiris 2005; Campos et al. 2011; Reis et al. 2017;
Da Silva et al. 2018), taxonomic differentiation (May-Ku
et al. 2006), allometric differences between fishery stocks,
(Paramo and Saint-Paul 2010; Barbosa-Saldafia et al. 2012),
ontogenetic variations (Chow and Sandifer 1991), sexual
dimorphism (Kapiris and Thessalou-Legaki 2001; Accioly
et al. 2013), and shape variations between fishery stocks
(Bissaro and Gomes-Jr 2012) and populations (Gusmao
etal. 2013).

The objective of this study is to evaluate ontogenetic
morphological variations of X. kroyeri from the south-east-
ern Brazilian coast through multivariate statistical tech-
nigues, making use of traditional morphometry including
procedures of relative growth referring to the cepha-
lothorax region including the rostral spine. Second, the
objective is to verify a potential morphometric signature
of sexual dimorphism for the species, representing the
first effort in studies on Dendrobranchiata using circular
statistical analysis to check more accurately the variation

in the angulation of the rostral spine in the ontogenetic
variation of a species.

Materials and methods
Study area and data sampling

Xiphopenaeus kroyeri were collected in the region of
Ubatuba, northern coast of Brazilian state of Sdo Paulo
(23° and 25° South latitude and 45° and 48° West longi-
tude - Figure 1), in depths varying between 5 and 35 m.
Sampling was undertaken between July 2001 and June
2003 using a commercial fishing boat equipped with dou-
ble rig trawling nets (Bertini et al. 2004; Castro et al. 2005).
A total of 487 specimens were obtained, 247 males (71
juveniles and 176 adults) and 240 females (107 juveniles
and 133 adults) (Table 1). All specimens were considered
for analyses, except injured ones that were discarded.

The specimens were bagged, labelled, frozen and trans-
ported to the laboratory. They were then thawed and fixed
in 10% formalin and then kept in 70% alcohol for identifi-
cation (sexing) and measurement. Then, the shrimps were
identified and sexed, by noticing, in males, the presence
of petasma (male sexual structure present on the first pair
of pleopods) and in females, the presence of a thelycum
(female sexual structure), according to Pérez-Farfante and
Kensley (1997).

To evaluate the ontogenetic and sexual morphomet-
ric variations, a multivariate set was made (Figure 2) from
the following measurements: cephalothorax length (CL -
distance between the orbital angle and posterior edge of
the carapace), rostral spine length (RL - limited by the first
rostral tooth to the edge of the rostrum), partial length
of the rostral spine (PRL - limited between the fifth ros-
tral tooth to the edge of the rostral spine) and angulation



Table 1. Xiphopenaeus kroyeri. Descriptive statistics on morpho-
metric data for males and females (juveniles and adults).

Males Females

Variables Juveniles  Adults  Juveniles  Adults
CL (mm) Max 11.01 25.30 15.80 26.20
Min 1.32 8.10 1.51 7.77
Mean 8.13 17.32 8.41 17.84
Median 8.47 17.70 8.40 17.30
SD 1.72 3.24 217 3.17
SE 0.21 0.24 0.21 0.28

b _ _ _ -
RL (mm) Max 12.09 32.80 17.10 37.70
Min 2.62 10.55 2.95 13.80
Mean 7.94 23.30 8.22 24.23
Median 7.97 23.80 7.76 23.20
SD 2.88 4.73 3.75 5.50
SE 0.34 0.36 0.36 0.48
b 1.51 1.51 1.50 1.50
PRL (mm) Max 7.32 20.00 10.90 26.80
Min 0.67 7.3 0.74 2.51
Mean 3.92 14.13 422 14.41
Median 3.90 14.80 3.70 14.20
SD 1.91 2.91 2.60 3.01
SE 0.23 0.22 0.25 0.26
b 0.96 0.96 0.99 0.99
RA (degree) Max 179.74 173.82 179.66 172.00
Min 163.96 150.00 163.27 147.00
Mean 173.33 160.75 172.39 159.88
Median 174.47 161.00 172.33 161.00
SD 4.88 5.38 4.47 5.16
SE 0.58 0.41 0.43 0.45

Notes: Max: maximum, Min: minimum. SD: standard deviation, SE: standard
error, b: allometric coefficient between measurements and CL, CL (mm):
cephalothorax length, RL (mm): rostrum length, PRL (mm): partial rostrum
length, RA (degree): rostrum angle.
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RL I 1

[ |
RA

\/

PRL

Figure 2. Morphometric measurements used in this study.
Cephalothorax length (CL), rostrum length (RL), partial rostrum
length (PRL) and rostrum angle (RA).

of the rostral spine (RA — angle located between the first
and fifth rostral teeth and between the fifth rostral tooth
to the edge of the rostral spine). For shrimps with a CL
smaller than 12 mm, morphometric measurements were
performed with an optical stereomicroscope Axioskop 2
Zeiss with a camera lucida, while for shrimps with a CL
bigger than 12 mm a caliper rule (0.1 mm) was used. In
both size groups, the standard size used was the milli-
metre. To estimate RA, pictures were taken of the spec-
imens’ cephalothoraxes in a lateral position. Posteriorly,
the measurements of RA (in degrees) were obtained with
the program Corel Draw 12.0. All pictures followed a rig-
orous standardization of capture, with position and focal
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length set by the same researcher in both the stereomi-
croscope pictures and in the ones captured without the
equipment. The specimens were standardized always in
the central portion of the pictures, at a suitable distance
from the margins of the field of view to avoid marginal
distortions caused by the lens of the camera and of the
stereomicroscope.

Relative growth

Initially, the morphometric data were inspected for the
occurrence of outliers, by visualization of Cleveland
scatterplots (Cleveland 1993) for each morphometric
variable, separately. After the removal of outliers, the
relative growth was analysed by the allometric equation
(y = ax®), in its logarithmic form (Iny = In a + b In x), with
CL being considered the independent variable, while
the other morphometric variables (RL and PRL) were
considered dependents. The type of allometric growth
was established from the value of the slope (‘b’) of the
regression, which can be isometric (b = 1), positive allo-
metric (b > 1) or negative allometric (b < 1). All the the-
oretical and mathematical foundations and application
of relative growth to crustaceans mentioned previously
followed those discussed by Huxley and Teissier (1936)
and Hartnoll (1978).

Relative growth was analysed in two classification lev-
els: (1) differences in line fitting between sexes, and (2)
line fitting of the juvenile (immature) and adult (mature)
ontogenetic stages were compared. To classify males and
females as juveniles and adults, morphologically, the data
were log-transformed and submitted to the non-hierar-
chical k-means clustering method (k = 2, juveniles and
adults) for each bivariate relationship (CL vs. RL, CL vs.
PRL). The k-means method is a multivariate procedure
that distributes the data into a number of groups pre-
viously informed by means of an iterative process that
minimizes variance in the groups, and maximizes the
variance among the groups. This procedure generated
a percentage of correct classification (%CC). Then, the
result was refined by means of a discriminant function
analysis according to the procedures of Sampedro et al.
(1999).

The line fitting was made with the OLS procedure
(Ordinary Least Square, Kendall and Stuart 1973; Sokal and
Rohlf 1985). The comparison of the lines between males
and females and juveniles and adults of either sex was
made by an analysis of covariance (ANCOVA).

For procedures regarding the processing of data and the
relative growth, Excel 2013 software was used (Microsoft
Windows 2013). To compare the lines between males and
females and juveniles and adults, the software Statistica
8.0 was used (Starsoft Inc 2005).
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Allometric treatment and multivariate
morphometry

From the results for juveniles and adults, a new set of
data was created, including categorical variables‘sex’and
‘morphological maturity stage’ and their morphomet-
ric measurements. The maturity rating was chosen by
observing the bivariate relationship that showed greater
discrimination between the groups through the results
of cross-validation matrix (obtained in the procedure of
relative growth). Then, for multivariate analysis, each mor-
phometric variable obtained was treated to reduce the
allometric effect of data, following the proposal of Konan
et al. (2010). Given that there are specimens in several
classes of size and sex, therefore with the presence of an
ontogenetic and sexual allometric effect (as extensively
reported in the literature (Cock 1966; Klingenberg 1996)
and also observed in the analyses of relative growth in this
study), it became necessary to reduce the overall dimen-
sionality effect for each morphometric variable. For this,
the following equation was used:

Y, = Yi[Xo/X1]b

in which Y, is the standardized measurement, Y. is the
measurement (to be standardized; dependent) of each
collected specimen, X is the standard measure average
for every sample and X, is the standard measure for each
specimen (Lleonart et al. 2000). In this standardization, the
standard measure (independent) was also the cephalo-
thorax length (CL) (Fransozo et al. 2000; Freire 2005). The
value of ‘b’ (allometric coefficient) was estimated for each
morphometric variable measured by the equation of allo-
metric growth proposed by Huxley (1932) and by Hartnoll
(1978). The standard measure (CL) was kept in posterior
analyses to add to the multivariate morphometric set the
information of size and, thereby, ontogeny. The allomet-
ric treatment of data was performed for all morphometric
variables, except the variable of rostral angulation (RA).
Prior to the multivariate statistical analysis, data were
tested for their parametricity, i.e. their multivariate nor-
mality (omnibus test; Doornik and Hansen 1994) and their
equivalence of covariance matrices (Box’s M; Seber 1984).
Since normality and homogeneity were not obtained,
non-parametric tests were applied to the data and results
were presented with median (measures of central ten-
dency) and standard error (dispersion). After the allo-
metric treatment, principal component analysis (PCA)
and an analysis of multivariate permutation variance
(PERMANOVA) were made. First, a PCA (PCA-I) was carried
out for investigation, interpretation, and reduction of mul-
tivariate variables, observing the data variation trends to
highlight the most representative measures by means of
the contribution of principal components and the value

of the load variable (loadings) of each specimen of this
study. For evaluation of the results, the main components
that totalled more than 80% of the data variation were
considered (Zuur et al. 2010). Additionally, bootstrapping
type permutations (n = 9999) were used to generate con-
fidence intervals for each principal component and test
its main significance in the results. APERMANOVA analysis
was performed to test the hypothesis of morphological
difference between each group of interest, observing the
values of p and F with permutations (n = 9999) and using
the Mahalanobis index as a difference distance measure-
ment. For the differences between the factors, sequential
Bonferroni correction was used.

Circular analysis

For rostral angulation data, circular statistical analyses
were used. Initially, the circularity of the data was tested
to verify the homogeneity of the concentration parame-
ters for multiple directional data samples. This test verifies
if all groups of interest comply with the circular normal
distribution (von Mises distribution), observing the pos-
sibility of accepting the null hypothesis that all groups of
interest are in the same concentration parameter, kappa
(Zar 2010). For better description and visualization of cir-
cular data, polar type histograms were plotted, in which
information is given in columns of values in degrees (0° a
360°). This type of chart was used to show guidelines of
morphological characteristics related to rostral angulation.
Thereafter, a Circular Analysis of Variance (Circular ANOVA)
was applied, similar to the linear analysis of variance, with
the purpose to identify, statistically, if there is a difference
between the ontogenetic groups (juveniles and adults of
males and females), using the rostral spine angulations.
A new Principal Component Analysis (PCA-II) for cir-
cular data was made to observe the RA data variation
trends for each demographic group, considering that the
Circular ANOVA does not have a post hoc evaluation about
the maturity groups. The criteria for selection of compo-
nents and evaluation of loadings used for the PCA were
also applied to PCA-Il. The bootstrap type permutations
(n=9999) were also calculated to generate the confidence
intervals for each principal component based on circular
data. For this purpose, a data matrix was constructed, in
which the columns were maturity groups (juveniles males,
adult males, juveniles females and adult females) and the
lines were the values of rostral angle in each group.
Lastly, a linear-circular regression was performed to
verify the shrimps’ ontogenetic trajectory, in a relation to
which the dependent variable was the angulation of the
rostral spine (RA) and the independent variable was the
cephalothorax length (CL). The multivariate statistical anal-
yses on linear data and polar type histograms were carried



Table 2. Xiphopenaeus kroyeri. Results of regression analysis and
ANCOVA.

Biometric rela-

tionship Groups R? Isotest AL F p (F)
CLvs. PRL M 062  >0.01 + 19.51  <0.01
AM 0.91 >0.01 +

JF 090  >0.01 + 3350 <0.01
AF 0.75 >0.01 +
M 0.83 >0.01 + 3.40 0.06
F 0.86 >0.01 +

CLvs.RL M 0.89  >0.01 + 39.04 <0.01
AM 0.65 >0.01 +
JF 0.89  >0.01 + 4273 <0.01
AF 0.81 >0.01 +
M 088  >0.01 + 207 0.15
F 0.77 >0.01 +

Notes: CL: cephalothorax length, RL: rostrum length, PRL: partial rostrum
length, R% coefficient of determination, AL: allometric level, F: variance, p
(F): significance.
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Figure 3. Relative growth between cephalothorax length and
partial rostrum length in males and females, adults (filled
symbols) and juveniles (blank symbols).

out with the software PAST v.2.15 (Hammer et al. 2001). For
statistical analyses related to circular data, the software Rv.
2.15 (R Development Core Team 2009) was used, with the
‘circular’ package (Agostinelli and Lund 2011).

Results
Relative growth

The procedure adopted for the study on relative growth
did not show trends of sexual dimorphism (Table 2).
However, differences in the angulation of allometric tra-
jectories between ontogenetic groups were observed
in both males and females (Figures 3 and 4). The %CC in
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Figure 4. Relative growth between measurements cephalothorax
length and rostrum length in males and females, adults (filled
symbols) and juveniles (open symbols).

10

oM
® AM
A JF
A AF

PC2 -32.85%

PC1 - 65.10%

Figure 5. Principal components biplot for multivariate data on
Xiphopenaeus kroyeri.

Notes: PC: principal component, RL: rostrum length, RA: rostrum angle, CL:
cephalothorax length, PRL: partial rostrum length, JM: juveniles males, AM:
adults males, JF: juveniles females, AF: adults females.

each bivariate relationship was: CL vs. RL 54.12% for both
sexes, CL vs. PRL 55.24% for both sexes, CL vs. RL 100.00%
for juveniles and adults of both sexes, CL vs. PRL 98.77%
in males (juveniles and adults) and, in same relationship,
100.00% for females (juveniles and adults). Therefore, the
biometric relationship CL vs. RL was the more reliable for
hierarchical ontogenetic groups.

Multivariate morphometry

The measured morphometric data did not meet the
assumptions of parametricity (normality: Ep = 274.24,
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p > 0.05; homoscedasticity, Box's M = 612.93, Monte Carlo
p=0.015).

The principal component analysis (PCA-I) explained
97.95% of data variation (65.099% for PC1 and 32.852%
for PC2) (Figure 5). The principal component 1 (PC1)
accounted, mainly, the rostral spine angulation - RA (var-
iable loading: 0.5928), cephalothorax length - CL (0.5979)
and part of the rostral spine — PRL (0.5367). Meanwhile,
principal component 2 was defined, basically, by rostrum

Table 3. PERMANOVA (Permutational Multivariate Analysis of
Variance) results for comparison between ontogenetic groups of
Xiphopenaeus kroyeri.

M JF AM AF
M - >0.01 >0.01 >0.01
JF 1.40 - >0.01 >0.01
AM 20.18 16.38 - >0.01
AF 19.05 13.48 8.49 -

Notes: JM: juveniles males, AM: adults males, JF: juveniles females, AF: adults
females. Above diagonal, significance values (p) for each combination, and
below, D% Mahalanobis distance.
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length - RL (0.8611). A grouping tendency was also
observed among ontogenetic stages, regardless of the
sexes (Figure 5).

The PERMANOVA showed significant differences
between sexual maturity groups (juvenile males (JM),
adult males (AM), juvenile females (JF) and adult females
(AF)) (p > 0.01; F = 83.69). The greatest morphological dis-
similarities were observed in comparisons between groups
of adults in relation to groups of juveniles. Male adults
showed the higher morphological dissimilarity in relation
to the other analysed groups (JM: p > 0.01, D? = 20.183;
JF:p > 0.01, D? = 16.384; AF: p > 0.01, D? = 8.4903). After
them, the group with the highest morphological dis-
similarity was AF (JM: p > 0.01, D? = 19.051; JF: p > 0.01,
D? = 13.479). Among the groups of juveniles (JM and JF)
the lower value of Mahalanobis distance was observed
(p>0.01; D?=1.3969), indicating that little morphological
variation is attributed to the comparison of these groups
(Table 3).
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Figure 6. Polar histogram for descriptive circular representation of the rostrum angle of Xiphopenaeus kroyeri. (A): Juvenile males. (B):
Juvenile females. (C): Adult males. (D): Adult females. Conf. Int.: Confidence interval.



Table 4. Analysis of variance for circular data results on rostrum
angle of ontogenetic groups of Xiphopenaeus kroyeri.

df ss MS F p
Between 3 127.21 42.4045 4602 <005
Within 483 54,81 0.1135 NA NA
Total 486 182.02 03745 NA NA

Notes: df: degree of freedom, SS: sum-square, MS: mean-square, F: F statistic,
p: significant value, NA: not available.

Circular analysis

The rostral spine angulation data were homogeneous with
respect to circularity, showing a circular normal distribu-
tion. The frequency distribution by circular data showed
similar averages for male and female juveniles (100.42° for
males and 105.84° for females); whereas, for adults, it was
noted that males possessed lower values of angulation
when compared to females (186.8° for males and 208.04°
for females) (Figure 6). In the Circular Analysis of Variance
(Circular ANOVA), a statistical difference was noted, show-
ing that rostral angulation is capable of explaining the dif-
ference between the maturity groups (Table 4).

PCA-Il explained 90.68% of data variation in the two first
components (71.59% to PC1 and 19.08% to PC2) (Figure 7).
Thus, the two first PCs were considered in the inspection.
PC1 and PC2 showed a strong tendency for differentiation
between juveniles and adults, regardless of sex, showing
adults next to the positive values of the principal com-
ponent | axis, i.e. greater averages of rostral angulation
(Figure 7).

The circular-linear regression showed a significant linear
relationship between the change in cephalothorax length
(CL) (Table 5). The variation of the rostral spine angulation
(RA), reporting increase in the rostral angulation owing
to the increase in cephalothorax length for each maturity
group (Figure 8).

Discussion

The morphological variation in X. kroyeri was markedly
toward the ontogeny, especially the angulation of the
rostral spine. In all morphometric approaches used, mor-
phological variations related to sexual dimorphism were
not observed. Among the body structures of crustaceans,
different growth patterns act together to make them more
effective in certain functions (Hartnoll 1974). Therefore, the
use of morphometry to assist in the perception of subtle
morphological variations in studies of sexual dimorphism
and ontogeny has proven effective (Oxnard 1978), espe-
cially with crustaceans (Chow and Sandifer 1991; Pinheiro
and Terceiro 2000; Kapiris and Thessalou-Legaki 2001; Giri
and Collins 2004; Ledesma et al. 2010; Accioly et al. 2013;
Alencar et al. 2014).
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Table 5. Statistic summary of circular-linear regression for on-
togenetic groups of Xiphopenaeus kroyeri.

Groups mu Kappa Log-like coef SE t
M 0.59 22.68 203.80 0.14 0.00 94.71%
AM 1.39 10.16 273.10 0.06 0.00  40.38*
JF 1.09 3.63 219.80 0.12 0.00 51.37%
AF 2.03 0.76 175.10 0.06 0.00  27.98*

Notes: mu: Maximum likelihood estimate of the mean direction, kappa: con-
centration parameter for each group, Log-like: logarithm of the likelihood,
coef: coefficient model, SE: standard error, t: student statistical, JM: juveniles
males, AM: adults males, JF: juveniles females, AF: adult females.

*p < 0.05 - statistical significance difference.

Ontogeny in penaeids is characterized by morpholog-
ical changes caused by differentiated growth of certain
tagmata, which characterize the transition from juvenile
to adult, showing variation mainly on the length of the
cephalothorax (Gulland and Rothschild 1981). Based on
the analysis of relative growth it was possible to classify
individuals into two groups (juveniles and adults) and ver-
ify a significant difference in the ontogenetic trajectory of
the species. However, there was no evidence for sexual
dimorphism for X. kroyeri, despite Boschi (1989) having
observed this pattern in Penaeoidea. In Penaeoidea there
may be factors that influenced the growth pattern of this
taxon. Segura and Delgado (2012) reported different pat-
terns of growth for males and females of Pleoticus muelleri
Spence Bate, 1888 throughout its distribution, owing to
the influence of local environmental conditions. In the
aforementioned study, it was observed that the values
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of the angulation coefficients (allometric level), cephalo-
thorax length and wet weight ratio, of males and females
became similar in specimens collected at the highest lat-
itudes. Also according to Segura and Delgado (2012), this
is possibly owing to both phenotypic plasticity and life
history aspects.

For X. kroyeri, variation is found in cephalothorax length
with respect to sexual dimorphism and ontogeny, possi-
bly associated with gonadal development, especially in
females, owing to production of oocytes, which reflects
on reproductive aspects and fertility (Gab-Alla et al. 1990;
Fernandes et al. 2011; Bissaro and Gomes-Jr 2012). In
histological studies, this is ratified in X. kroyeri, for which
there was the finding of increased diameter of oocytes,
from 72.03 um to 171.30 um, during the maturation pro-
cess (Campos et al. 2009). As for the variation in cepha-
lothorax region, the development and increase in size of

the qills deserves mention. According to Schram (1986),
in the juvenile stages, the arthrobranch has less volume
and functional area than in its more developed stage
(dendrobranch).

In the sizes related to the rostral spine (RL, PRL and
RA), it was possible to highlight an ontogenetic change,
indicating that the rostral spine has an increase in both
length and angulation. This morphological change may
be a result of selective predation pressure on larger indi-
viduals. According to Dall et al. (1990), the Penaeidae have
various ways to prevent predation, including sheltering
in algae, burrowing in the substratum, inhabiting turbid
water, restricting their outings to times of low foraging
by predators, form large groups and/or have a well-devel-
oped flight response. In addition, other authors showed
factors such as palatability, size, accessibility, activity and
density of the prey and of the predator as factors that



could influence the predation process (Nakagaki 1999).
Nakagaki (1999), in experimental study about predation
in X. kroyeri, suggested that in addition to behavioural
mechanisms, the pronounced rostral spine (more angled
and long) could help in avoiding selection by potential
predators. Moreover, the study concluded that specimens
with more prominent rostral spines are less preyed upon.
This is also strengthened by Werner and Peacor (2003)
and Preisser et al. (2005), who claim that the predation
rate depends on some prey characteristics such as size,
trophic apparatus, speed, cripticity and external morphol-
ogy. The predator-prey interaction provides the prey with
responses to level of development, life history, behaviour,
physiology and morphology.

Itis plausible that the thorn, bigger and angulated, evi-
denced by this study, may be an evolutionary response of
the prey—predator interaction at the morphological level:
in this case the elongated and inclined rostral spine would
serve as protection against being swallowed by a predator.
This fact has been observed in Daphnia (Cladocera), which
develops defensive spines from its carapace during its life
cycle, providing protection against predation by fish (Barry
1994). Literature reports already showed a tendency to
this variation in shrimps (Williams 1984; Dall et al. 1990;
Lins Oliveira 1991), however, until this study, there was no
record and knowledge of more appropriate quantitative
analysis to support this phenomenon.

As the development of X. kroyeri juveniles to adulthood
occurs, its spine increases in length and angulation, which
can make the identification more accurate between juve-
niles and adults in the field or even in the fishing industry,
both for research and for fishing activities. Of the varia-
bles analysed in this study, rostral angulation seems to be
the most promising morphometric measure for practical
application in the identification of juveniles and adults.
However, the measurements of the cephalothorax can also
be used to identify adult sex.

Body parts that show angulation are historically not
analysed because of the difficulty of working with circular
measures and their statistical characteristics. Either that,
or they are commonly analysed using angulation data
by linear statistics, which can generate biased results as
angular data follow a different error distribution (von
Mises distribution). Our study raises the need to conduct
further assessment with angular data for X. kroyeri and
other species of penaeid towards a better understand-
ing of ontogenetic and sexual morphological differences.
Newer study techniques such as geometric morphometry
(Accioly et al. 2013), may also contribute effectively in this
understanding. Experimental analyses of predation of the
species focusing on the variation of size and angulation of
the rostral spine are recommended to support the mor-
phological observations of this study.

INVERTEBRATE REPRODUCTION & DEVELOPMENT . 151

Acknowledgements

Acknowledgements to the Research Support Foundation
of the State of Sao Paulo (FAPESP - Fundagdo de Amparo a
Pesquisa do Estado de Sao Paulo) for the scholarship granted
to Freire FAM (#01/01722-2 and #02/02274-6), the available
vehicles (#94/4878-8 and #98/03234-6), the BIOTA/FAPESP “Bi-
odiversidade Béntica Marinha” (Benthic Marine Biodiversity)
(#98/07090-3), Brazilian Institute of Environment and Renew-
able Natural Resources (IBAMA- Instituto Brasileiro de Meio
Ambiente e Recursos Renovaveis) to the licensing of collection
and productivity grants (CNPq #308,653/2014-9 Castilho AL,
#302,528/2015-6 Fransozo A and #305,919/2014-8 Costa RC).

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the BIOTA/FAPESP “Biodiversidade
Béntica Marinha” (Benthic Marine Biodiversity) (#98/07090-3).

ORCID

S.A.S.N. Moraes "'’ http://orcid.org/0000-0003-4045-9011
R. C. Costa "* http://orcid.org/0000-0002-1342-7340
References

Accioly IV, Lima-Filho PA, Santos TL, Barbosa ACA, Campos LBS,
Souza JV, Araujo WC, Molina WF. 2013. Sexual dimorphism in
Litopenaeus vannamei (Decapoda) identified by geometric
morphometrics. Pan-Am J Aquat Sci. 8:276-281.

AgostinelliC, Lund U.2011. R package‘circular’: Circular Statistics
(version 04-3). https://r-forge.r-project.org/projects/circular/.

Alencar CERD, Lima-Filho PA, Molina WF, Freire FAM. 2014.
Sexual shape dimorphism of the mangrove crab Ucides
cordatus (Linnaeus, 1763) (Decapoda, Ucididae) accessed
through geometric morphometric. Sci World J.2014:1-8.

Barbosa-Saldafia ML, Diaz-Jaimes P, Uribe-Alcocer M. 2012.
Variacion morfoldgica del camaron café (Farfantepenaeus
carliforniensis) en el Pacifico mexicano. Rev Mex Biodivers. 83:
42-50.

Barry M. 1994. The costs of crest induction for Daphnia carinata.
Oecologia. 97:278-288.

Bertini G, Fransozo A, de Melo GAS. 2004. Biodiversity of
brachyuran crabs (Crustacea: Decapoda) from non-
consolidated sublittoral bottom on the northern coast of Sao
Paulo State, Brazil. Biodivers Conserv. 13:2185-2207.

Bissaro FG, Gomes-Jr JL. 2012. Morphometric variation in the
shape of the cephalothorax of shrimp Xiphopenaeus kroyeri
on the east coast of Brazil. J Mar Biol Assoc U K. 93:1-9.

Bookstein FL. 1991. Morphometric tools for landmark data:
geometry and biology. Cambridge: Cambridge University
Press.

Boschi EE. 1989. Biologia pesquera del langostino del litoral
patagodnico de Argentina (Pleoticus muelleri). Informe técnico
INIDEP. 646:1-71.


http://orcid.org
http://orcid.org/0000-0003-4045-9011
http://orcid.org
http://orcid.org/0000-0002-1342-7340
https://r-forge.r-project.org/projects/circular/

152 e S.A.S.N.MORAES ET AL.

Branco JO. 2005. Biologia e pesca do camardo sete-barbas
Xiphopenaeus kroyeri  (Heller) (Crustacea, Penaeidea),
Armacdo do Itapocoroy, Penha, Santa Catarina, Brasil. Rev
Bras Zool. 22:1050-1062.

Campos BR, Dumont LFC, D’Incao F, Branco JO. 2009. Ovarian
development and length at first maturity of the sea-bob-
shrimp Xiphopenaeus kroyeri (Heller) based on histological
analysis. Nauplius. 17:9-12.

Campos BR, Branco JO, D’Incao F. 2011. Crescimento do
camarao-sete-barbas (Xiphopenaeus kroyeri (Heller 1862)),
na Baia de Tijucas, Tijucas, SC (Brasil). Atlantica (Rio Grande).
33(2):201-208.

Castro RH, Costa RC, Fransozo A, Mantelatto FML. 2005.
Population structure of the seabob shrimp Xiphopenaeus
kroyeri (Heller, 1862) (Crustacea: Penaeiodea) in the litoral of
Sao Paulo, Brazil. Sci Mar. 69:105-112.

Chow S, Sandifer PA. 1991. Differences in growth, morphometric
traits, and male sexual maturity among Pacific white shrimp,
Penaeus vannamei, from different commercial hatcheries.
Aquaculture. 92:165-178.

Cleveland WS. 1993. Visualizing data. Summit (NJ): Hobart Press.

Cock AG. 1966. Genetical aspects of metrical growth and formin
animals. Q Rev Biol. 41:131-190.

CostaRC, Fransozo A, Melo GAS, Morais FAM.2003. Chaveilustrada
para identificacdo dos camardes Dendrobranquiata no litoral
norte do estado de Sédo Paulo, Brasil. Biota Neotropica. 3:1-12.

Costa RC, Fransozo A, Freire FAM, Castilho AL. 2007. Abundance
and ecological distribution of the ‘sete-barbas’ shrimp
Xiphopenaeus kroyeri (Heller, 1862) (Decapoda: Penaeoidea)
in three bays of the Ubatuba region, Southeastern Brazil. Gulf
Caribb Res. 19:33-41.

D'lncao F. 1999. Subordem Dendrobranchiata (camardes
marinhos). In: Buckup L, Bond-Buckup G, editors. Os camardes
do Rio Grande do Sul. Porto Alegre: Editora da Universidade;
p. 271-299.

Da Silva SLR, Santos RDC, Costa RC, Hirose GL. 2018. Growth and
population structure of the seabob shrimp Xiphopenaeus
kroyeri (Decapoda: Penaeidae) on the continental shelf
of Sergipe, Brazil. J Mar Biol Assoc U.K. 1-12. doi:10.1017/
S0025315417002041

Dall W, Hill BJ, Rothlisberg PC, Staples DJ. 1990. The biology
of the Penaeidae. In: Blaxter JHS, Southward AJ, editors.
Advances in marine biology. San Diego, CA: Academic Press;
p. 1-489.

Dias-Neto J. 2011. Proposta de plano nacional de gestdo para
0 uso sustentdvel de camardes marinhos do Brasil. Brasilia:
IBAMA.

Doornik JA, Hansen H. 1994. An omnibus test for univariate and
multivariate normality. Oxford: Nuffield College.

Fransozo A, Costa RC, Santos MMA, Mantelatto FLM. 2000.
Juvenile recruitment of the seabob Xiphopeneus kroyeri
(Heller, 1852) (Decapoda, Peneidea) in the Fortaleza Bay,
Ubatuba, SP, Brazil. Nauplius. 8:179-184.

Freire FAM. 2005. Distribuicdo Ecoldgica e Biologia Populacional
de Xiphopenaeus kroyeri (Heller, 1862) (Crustacea, Decapoda,
Penaeidae) no litoral do Estado de S&o Paulo [dissertation].
Botucatu: Universidade Estadual de Séo Paulo.

Gab-Alla AA, Hartnoll RG, Ghobashy AF, Mohammed SZ. 1990.
Biology of penaeid prawns in the Suez Canal lakes. Mar Biol.
107:417-426.

Garcia-Davila CR, Magalhdes C, Guerrero JCH. 2005.
Morphometric variability in populations of Palaemonetes spp.

(Crustacea, Decapoda, Palaemonidae) from the Peruvian and
Brazilian Amazon Basin, Iheringia. Série Zool. 95:327-334.
Giri F, Collins PA. 2004. A geometric morphometric analysis of
two sympatric species of the family Aeglidae (Crustacea,
Decapoda, Anomura) from the La Plata basin. Ital J Zool.

71:85-88.

Gulland JA, Rothschild BJ. 1981. Penaeid shrimps: their biology
and management. 1st ed. Surrey: Fishing News Books.

Gusmao J, Piergiorge RM, Tavares C. 2013. The contribution of
genetics in the study of the sea-bob shrimp populations from
the brazilian coast. Bol Instuto Pesca. 39:323-338.

Hammer @, Harper DAT, Ryan PD. 2001. Past: paleontological
statistics software package for education and data analysis.
Palaeontological Electronica. 4:1-9.

Hartnoll RG. 1974. Variation in growth pattern between some
secondary sexual characters in crabs (Decapoda Brachyura).
Crustaceana. 27:131-136.

Hartnoll RG. 1978. The determination of relative growth in
Crustacea. Crustaceana. 34:281-293.

Huxley JS. 1932. Problems of relative growth, Mcthuen: London.
Reprinted 1972. New York (NY): Dover Publications.

Huxley JS, Teissier G. 1936. Terminology of relative growth.
Nature. 137:780-781.

Jayachandran KV, Indira B, Korath A, Malika V. 1996. Detailed
morphometric studies in Penaeus indicus Milne Edw. from
Vile lake, Trivandrum. Proc Natl Acad Sci Indian Sect B Biol
Sci. 62:65-70.

Kapiris K. 2005. Morphometric structure and allometry profiles
of the giant red shrimp Aristaeomorpha foliacea (Risso, 1827)
in the eastern Mediterranean. J Nat Hist. 39:1347-1358.

Kapiris K, Thessalou-Legaki M. 2001. Sex related variability of
rostrum morphometry of Aristeus antennatus (Decapoda:
Aristeidae) from the lonian Sea (Eastern Mediterranean,
Greece). Hydrobiologia. 449:123-130.

Kendall MG, Stuart A. 1973. The advanced theory of statistics.
vol 2. London: Charles Griffin.

Klingenberg CP. 1996. Multivariate Allometry. In: Marcus LF,
Corti M, Loy A, Naylor GJP, Slice DE, editors. Advances in
morphometrics. New York (NY): Plenum Press; p. 23-49.

Konan KM, Allassane O, Beatrice AA, Germain G. 2008.
Morphometric differentiation between two sympatric
Macrobrachium Bates 1868 shrimps (Crustacea, Decapoda,
Palaemonidae) in West-African rivers. J Nat Hist. 42:2095-
2115.

Konan KM, Adépo-Gourene AB, Ouattara A, Nyingy WD, Gourene
G. 2010. Morphometric variation among male populations
of freshwater shrimp Macrobrachium vollenhovenii Herklots,
1851 from Cote d'lvoire Rivers. Fish Res. 103:1-8.

Ledesma FM, Van der Molen SV, Baron PJ. 2010. Sex identification
of Carcinus maenas by analisis of carapace geometrical
morphometry. J Sea Res. 63:213-216.

Lins Oliveira JE. 1991. Biologie et dynamique des populations
de la crevette Xiphopenaeus kroyeri (Heller, 1862) en Guyane
Francaise [dissertation]. Paris: L'Universite Paris.

Lleonart J, Salat J, Torres GJ. 2000. Removing allometric effects
of body size in morphological analysis. J Theorical Biol.
205:85-93.

May-Ku MA, Ordoiez-Lopez U, Defeo O. 2006. Morphometric
differentiation in small juveniles of the pink spotted shrimp
(Farfantepenaeus brasiliensis) and the southern pink shrimp
(F. notialis) in the Yucatan Peninsula, Mexico. Fish Bull.
104:306-310.


https://doi.org/10.1017/S0025315417002041
https://doi.org/10.1017/S0025315417002041

Nakagaki JM. 1999. Estudo da predacdo sobre camardes
peneideos (Crustacea, Decapoda) [dissertation]. Botucatu:
Universidade Estadual Paulista.

Oxnard CE. 1978. One biologist's view of morphometrics. Ann
Rev Ecol Syst. 9:219-241.

Paramo J, Saint-Paul U. 2010. Morphological homogeneity of
shrimp Farfantepenaeus notialis (Pérez Farfante, 1967) in
Colombian Caribbean Sea. Proc Gulf Caribb Fish Inst. 62:98—
104.

Pérez-Farfante I. 1969. Western Atlantic shrimps of genus
Penaeus. Fish Bull. 67:461-590.

Pérez-Farfante |, Kensley B. 1997. Penaeoid and segestoid
shrimps and prawns of the World. Keys and diagnoses
for the families and genera. Mem Mus Natl d'Hist Nat.
175(Zoologie):1-233.

Preisser EL, Bolnick DI, Benard MF. 2005. Scared to death? The
effects of intimidation and consumption in predator-prey
interactions. Ecology. 86:501-509.

RDevelopment Core Team. 2009. R:a language and environment
for statistical computing. Vienna, Austria: R Foundation
for Statistical Computing. http://www.R-project.org. ISBN
3-90005107-0.

Reis JIDC, Freire KMF, Da Rosa LC, Barreto TMRDR, Pauly D.
2017. Population dynamics of Atlantic seabob Xiphopenaeus
kroyeri (Decapoda: Penaeidae) off the state of Sergipe,
north-eastern Brazil. J Mar Biol Assoc U.K. 1-11. doi:10.1017/
50025315417001916

Rojas R, Morales MC, Rivadeneira MM, Thiel M. 2012. Male
morphotypes in the Andean river shrimp Cryphiops
caementarius (Decapoda: Caridea): morphology, coloration
and injuries. J Zool. 288:21-32.

Sampedro MP, Gonzalez-Gurriaran E, Freire J, Muifio R. 1999.
Morphometry and sexual maturity in the spider crab Maja
squinado (Decapoda: Majidae) in Galicia, Spain. J Crustacean
Biol. 19:578-592.

Schram FR. 1986. Crustacea. Oxford: Oxford University Press.

Seber GAF. 1984. Multivariate observations. New York (NY): John
Wiley & Sons Inc.

INVERTEBRATE REPRODUCTION & DEVELOPMENT . 153

Segura AM, Delgado EA. 2012. Size at sexual maturity and
growth of the red shrimp Pleoticus muelleri (Decapoda:
Penaeoidea) captured artisanally in the Atlantic coast of
Uruguay. Pan-Am J Aquat Sci. 7:125-134.

Fernandes LP, Silva AC, Jardim LP, Keunecke KA, Di Beneditto
APM. 2011. Growth and recruitment of the Atlantic sea-
bob shrimp, Xiphopenaeus kroyeri (Heller, 1862) (Decapoda,
Penaeidae), on the coast of Rio de Janeiro, southeastern
Brazil. Crustaceana. 84:1465-1480.

Sokal RR, Rohlf FJ. 1985. Biometry. 3rd ed. New York (NY): W. H.
Freeman and Co..

Starsoft Inc. 2005. STATISTICA (data analysis software system).
Version. 7:1. http://www.statsoft.com.

Swain DP, Foote CJ. 1999. Stocks and chameleons: the use
of phenotypic variation in stock identification. Fish Res.
43:1123-1128.

Pinheiro MAA, Terceiro OSL. 2000. Fecundity and Reproductive
output of the speckled swimming crab Arenaeus cribarius
(Lamarck, 1818) (Brachyura, Portunidae). Crustaceana.
73:1121-1137.

Thomé-Souza MJF, de Carvalho BLF, Garciov Filho EB, da Silva
CO, Deda MS, Félix DCF, dos Santos JC. 2014. Estatistica
pesqueira da costa do Estado de Sergipe e Extremo Norte da
Bahia 2013. Sdo Cristévao: Editora UFS.

Turan C, Oral M, Oztiirk B, Diizgiines E. 2006. Morphometric and
meristic variation between stocks of Bluefish (Pomatomus
saltatrix) in the Black, Marmara, Aegean and northeastern
Mediterranean Seas. Fish Res. 79:139-147.

Werner E, Peacor S. 2003. A review of trait-mediated indirect
interactions in ecological communities. Ecology. 84:1083-1100.

Williams AB. 1984. Shrimps, lobsters and crabs of the Atlantic
coast of the Eastern United States, Maine to Florida,
Washington. Washington (DC): Smithsonian Institution Press.

Zar JH. 2010. Biostatistical analysis. 5th ed. Upper Saddle River
(NJ): Prentice-Hall/Pearson.

Zuur AF, leno EN, Elphick CS. 2010. A protocol for data
exploration to avoid common statistical problems. Methods
Ecol Evol. 1:3-14.


http://www.statsoft.com
http://www.R-project.org
https://doi.org/10.1017/S0025315417001916
https://doi.org/10.1017/S0025315417001916

	Abstract
	Introduction
	Materials and methods
	Study area and data sampling
	Relative growth
	Allometric treatment and multivariate morphometry
	Circular analysis

	Results
	Relative growth
	Multivariate morphometry
	Circular analysis

	Discussion
	Acknowledgements
	Disclosure statement
	Funding
	References



