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Abstract

The fish species known as “lambari” inhabit small streams, lakes, and large rivers throughout the entire tropical environment
of the New World; however, there is limited quantitative information regarding its morphological variations. Our investigation
was aimed at studying the sexual dimorphism in subadults of Astyanax altiparanae, using geometric morphometrics to compare
sexes in terms of not only size (height and weight) but also shape. A total of 47 specimens (34 males and 13 females) was
randomly collected. Photographs of the lateral plane were obtained without sacrificing the specimens, and eight landmarks
were placed in the images. The results showed statistically significant differences between sexes. The length of the snout and
thickness of the abdomen and caudal peduncle were greater in females, whereas males presented greater dorsal curvature.
Females had tall and robust bodies, whereas males were longer and thinner. The difference in shape is probably associated
with the species' defensive or survival strategies. However, whether there are ecological advantages or behavioral aspects in
sexual dimorphism is still poorly understood, and further research is required to provide data that can explain the causes.
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Introduction

Morphological variations make it possible to distinguish
the structures that represent divergences, provided that
they are measurable and/or quantifiable. Numerous
investigations have focused on identifying traits associated
with habits, physiology, and even reproductive behavior,
at the individual, population, or species levels [1]. The
classification of morphometric variability is based on the
function of adaptive mechanisms, assuming that the shape of
organisms is not only determined by their genetics, but also
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by their ecology and environmental pressures, which causes
them to differ markedly in their morphology within and
between populations [2]. Complex patterns of morphometric
variation in organisms can be discerned through statistical
analyses, simultaneously considering the variation of
quantitative traits [3].

Geometric morphometrics (GM) is used to compare sizes
and quantify profiles, geometries, conformations, and shapes,
regardless of the variation that size may represent, and to
study correlations between variation and environmental
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and morphological parameters [4-6]. The technique makes
it possible to evaluate differences between morphometric
conformations through statistical procedures and facilitates
the graphical representation of results [7,8].

There are many species of fish, commonly known as
“lambari”, genus Astyanax, which inhabit small streams,
lakes, and large rivers in the watersheds throughout the
entire tropical zone of the New World [9,10]. Astyanax
belongs to the family Characidae, the largest group of the
Tetragonopterinae and constitutes one of the dominant
genera throughout South America. There are approximately
100 nominal species and subspecies described in this genus,
even though many aspects of its taxonomy are still unknown
[9]. The yellow-tailed lambari, Astyanax altiparanae, is
a small species that reaches 10-15 cm in length and can
weigh up to 60 g. It is an opportunistic generalist species
[11] with rapid growth rate, reaching sexual maturity at
4 months of age under farming conditions, when it has
a length of 7-9 cm for males and 12-15 cm for females
[12]. Although multiple studies on this genus have been
conducted [13], there are limited reports on GM, especially
on Astyanax altiparanae.

This investigation is aimed at studying sexual
dimorphism on Astyanax altiparanae using GM, making
possible the detection of possible sexual dimorphism in a
pure way, not only in terms of size (height and weight).

Materials and Methods

This study was conducted at the Jaboticabal Campus of
Universidad Estadual Paulista (Brazil). A total of47 subadult
specimens (34 males and 13 females) of “lambari” or “river
sardine” (Astyanax altiparanae) were randomly collected
from water bodies within the university. The animals were
transported to the UNESP Aquaculture Center (CAUNESP)
located at 21° 14’ 05” latitude, 48° 17° 09” W longitude, and
at an altitude of 615.01 m. (Table 1) presents the height
and weight values of both sexes. After capture, the fish
were transferred to a water/ice tub to take photographs
of the lateral plane (left or right, equally) (Figure 1); of
each fish with a digital camera, without sacrificing them.
The lateral plane was oriented as parallel to the camera as
possible, and the camera was placed far enough to ensure
that the fish took up only part of the visual field to avoid
distortions of the relative positions of the angles due to
parallax error. A 50-mm pattern was included in each shot.
The second author, Cala, was responsible for this part. The
images were saved in the .jpg format and then transferred
to the computer. An image file was created with the tpsUtil
program v. 1.70 Rohlf, et al. [14] to digitize the homologous
points, and the tpsDig2 program v. 1.40 Rohlf, et al. [14] was
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used to place each of the homologous points (landmarks) in
the images. A total of eight landmarks were subsequently
placed in the images as follows: 1: tip of the upper jaw; 2:
middle insertion of the caudal fin; 3: dorsal projection of
the anterior margin of the cleithrum; 4: anterior margin of
the cleithrum; 5: most dorsal part of the curvature of the
back; 6: most ventral part of the belly; 7: dorsal insertion
of the caudal fin; and 8: ventral insertion of the caudal fin.
The first author, Parés, was responsible for the placement
of these landmarks. The landmarks were aligned and
rescaled using Generalized Procrustes Analysis, by which all
information not related to the shape, such as the variation
in the position of the specimens, was removed.

Height (cm) Weight (g)
Males (n = 34) 5.45 +0.49 4.01+1.50
Females (n =13) 5.54 +0.89 5.10 £ 2.50

Table 1: Body size and weight values of Astyanax altiparanae
(n=47).

Figure 1: Placement of the landmarks used for the study of
Astyanax altiparanae.

A repeatability analysis was carried out to determine
whether the homologous points in the specimens were
marked correctly. The analysis consisted of randomly
selecting a subsample of 25 individuals whose homologous
points had been digitized and digitizing them again. Using
the PAST application, both replicates were compared using
a Multivariate ANalysis Of VAriance (MANOVA) test, and
the repeatability values for the X and Y components of each
homologous point were obtained.

The Kolmogorov-Smirnov D test was used to compare
distribution by sex, and the shape distribution between sexes
was compared using MANOVA analysis. Weight and height
comparisons were conducted with the Mann-Whitney U test.
The data were processed with the Morpho] v. 1.06¢ and PAST
v. 2.17c statistical packages. The data were tested at a level a
= 0.05 to find significant differences [15].
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Results

The two replicate subsamples did not demonstrate
statistically significant differences between them (P = 0.899).
The precision at which the seven homologous points
were placed in the specimens was 99.2%. Table 2 shows
the repeatability value (between 0 and 1) for the X and Y
components of the eight landmarks, average repeatability for
each landmark, and total repeatability [16,17].

The Kolmogorov-Smirnov test did not demonstrate
differences in the distribution between sexes regarding
length (D = 0.325, P = 0.220). There were no differences
between sexes in terms of size (U = 183.5, P = 0.377; U =
151, P = 0.098 for height and weight, respectively). The
MANOVA test revealed statistically significant differences

between sexes (P = 0.007). Discriminant analysis showed
that the first two axes were significantly different (Wilk’s
lambda = 0.345; F ., = 3.547; P = 0.0013) (Figure 2). The
first canonical function, which accounted for 92.09% of the
variance, showed thatboth sexes were clearly differentiated.
Females appeared at the positive end and were basically
differentiated by a longer snout and thicker abdomen and
caudal peduncle. Males, on the other hand, showed higher
dorsal curvature (Tables 2&3). The deformation grid shows
these variations with respect to the average configuration
(Figure 3). The classification percentage was 89.36%
because some females occurred mixed among males.
Moreover, the quadratic Mahalanobis distance indicated
that there were significant differences between sexes (P <
0.0001).

Figure 2: Discriminant analysis by sex (males on the left, females on the right) of Astyanax altiparanae (34 males and 13
females). The first canonical function (CV1) accounted for 92.09% of the total variance.

Homologous point X-coordinate Y-coordinate Average

1 0.988 0.996 0.992
2 0.994 0.996 0.995
3 0.989 0.997 0.993
4 0.986 0.993 0.99
5 0.987 0.997 0.992
6 0.983 0.996 0.989
7 0.993 0.996 0.995
8 0.993 0.995 0.994

Total repeatability 0.993

Table 2: Repeatability value for each of the X and Y components of the eight homologous points placed in the digital images of a

subsample of Astyanax altiparanae (n = 25).
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Figure 3: Deformation grid for the shape of Astyanax altiparanae. There is a greater variation (thick line) in the position of
landmark 6 with respect to the average configuration (weak line).

Coordinate Eigenvalues
x1 339.754
yl 121.671
x2 -0.0004
y2 369.192
X3 -121.438
y3 574.95
x4 -50.105
y4 -91.223
x5 -30.825
y5 -210.460
x6 60.991
y6 -796.805
x7 283.91
y7 53.202
x8 -482.282
y8 -20.527

Table 3: Coefficient matrix of the discriminant analyses in
the study of Astyanax altiparanae (n = 47). The eigenvalues
of the most important measures are shown in boldface.

Discussion

Fish measurements and weights are used for the
characterization of growth, sexual maturation, maximum
size, and population structure and additionally, for the
specific identification and differentiation between sexes
of a species. The morphometric information related to A.
altiparanae is not widely documented in the literature.

Our results demonstrate that the sexes in A. altiparanae
could be well differentiated by the shape of the body.
Females had tall and robust bodies, and males had longer
and thinner bodies due to morphological deformations
showing variations especially in body height and caudal
peduncle. Differences in shape are probably associated with
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the species’ defensive or survival strategies. For example,
females with “deeper” bellies could harbor larger or more
numerous eggs and guarantee better defense during the most
vulnerable times such as laying. Moreover, more “elongated”
males could imply a lower energy investment in growth and
an increase in their mobility capacity, a condition that would
increase their ability to locate females, ease of courtship, and
forced insemination.

It is worth noting that the morphometric analysis was
limited to subadult organisms. Discriminant measures are
likely to change in juveniles, since fish show body changes
during growth related to habitat and diet. In view of the
aforementioned factors, it is necessary to understand how
the morphometric characteristics change in A. altiparanae,
if the differences are maintained. Therefore, these results
should be considered with caution. In order to know if the
distribution of resources can be a determining factor that
facilitates their coexistence, it is also advisable to associate
the morphological and osteological characteristics with the
species’ feeding habits.

Subadult males and females of A. altiparanae could
therefore be differentiated by body shape, i.e., females had
tall and robust bodies, and males had longer and thinner
bodies. The difference in shape is probably associated with
the species’ defensive or survival strategies. However, the
existence of ecological advantages or behavioral aspects in
sexual dimorphism remains poorly understood, and further
research is necessary to establish causal relationships.
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