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Abstract. The objective of this study is to describe differences in body shapes between sexes of the
spotted barb, Puntius binotatus (Valenciennes, 1842) using landmark-based geometric morphometrics. A
total of 100 fish individuals (50 per sex) collected from Lake Buluan in Mindanao were digitized using
twenty landmarks. Results revealed significant variation in body shapes between the two sexes. Body
shapes were more slender for males than females. Females have bigger head region, deeper body depth
and shorter tail region than males. Males have also wider anal fin bases. Such dimorphic traits are
believed to be outcome of selective pressures for shape differences between the sexes.
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Introduction. The study of body shape in fishes has been a subject of research
investigations for over a century. Recent advances in morphometric analytical techniques
have provided statistically powerful methods for the analysis of shape (Rohlf & Slice
1990). These techniques, inclusively named geometric morphometrics (Rohlf & Marcus
1993; Adams et al 2004), describe the spatial arrangement of anatomical features of
organisms, providing statistical (Rohlf 1999) and visual (Caldecutt & Adams 1998)
advantages to traditional approaches based on linear distance measures. These
techniques have been used increasingly over the past decade with morphological data
from fishes for studies of phylogenetics and species descriptions (Cavalcanti et al 1999;
Douglas et al 2001), ontogenetic allometry (Walker 1997; Hood & Heins 2000); trophic
morphology (Caldecutt & Adams 1998), ecological morphology (Corti et al 1996).
Geometric morphometric methods allow fine-scale assessment of shape differences and,
therefore, could be valuable for discerning patterns of intraspecific morphological
variation. However, none of these studies determined sexual dimorphism in body shapes
of the spotted barb, Puntius binotatus (Valenciennes, 1842), an economically important
fish species collected from Lake Buluan in Mindanao, Philippines. P. binotatus, originally
described as Barbus binotatus by Achille Valenciennes in 1842, is a native fish of Lake
Buluan. It is a benthopelagic fish. The body is silvery gray, darker dorsally and paler on
throat and belly. Body markings (spots or band) may be absent on large specimens,
except a spot on caudal base. It mostly feeds on zooplankton, insect larvae and some
vascular plants (http://www.fishbase.org/Summary/SpeciesSummary.php?id=5180).
Thus, this study was conducted.

Materials and Methods. A total of one hundred P. binotatus (50 per sex) were sampled
from Lake Buluan, Lutayan, Sultan Kudarat, Philippines (Figure 1). Only sexually mature
fishes were used to reduce the amount of intrapopulation shape variation based on
ontogeny. The individuals were transported in styropore box with ice and processed
immediately. Sexing was based on external morphology and was later confirmed by
direct examination of the gonads (Conlu 1986). Both the left and right sides of the fish
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individuals were scanned at uniform dpi (600) using a CanoScan model D646U flatbed
scanner.
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Figure 1. Location of Lake Buluan in Lutayan, Sultan Kudarat, Mindanao, Philippines.

A total of twenty landmarks (equivalent to 20 X and 20 Y Cartesian coordinates) were
selected to provide a comprehensive summary of the morphology of the fishes (Figure 2).
The landmarks digitized in this study are standard points used in fish morphometrics and
are said to have both evolutionary and functional significance (Turan 1999; Turan et al
2004; Costa & Cataudella 2007; Buitrago-Suarez & Brooks 2007; Vasconcellos et al
2008). The landmarks were digitized on both sides of each specimen image using the
TpsDig ver. 2.10 (Rohlf 2006). Digitization was done in tri-replicates for each fish
sample.

The X and Y coordinates of the landmark points that were digitized from the left
and right images of the fishes contain both shape and non-shape (differences in the
position and orientation of the fishes in the flatbed scanner; size differences) components
of variation (Adams 1999; Kasam et al 2004). Since this study focused only on shape
differences, the non-shape components were necessarily removed prior to analysis via
Generalized Procrustes Analysis (GPA) using TpsRelw 1.36 (Rohlf 2003). GPA aligned in
all the specimens in morpho-space, eliminating size and rotational/translational
differences. GPA proceeded as follows: first the landmark coordinates were translated to
a common centroid at the origin of the reference coordinate system or at point (X=0,
Y=0). Then, the set of landmark coordinates of each fish sample were scaled to unit
centroid size, thereby removing size differences and permitting analysis of body shape.
Finally, the landmark configurations of all fishes were rotated to minimize the sum of
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squared distances between corresponding landmarks (Bookstein 1991). This step
removed residual translational and rotational differences among the individuals resulting
from differences in the way the fishes were oriented in the flatbed scanner when the
digital images were taken.

B

Figure 2. Landmarks’ description of the spotted barb, P. binotatus (A. female, B. male):

(1) snout tip; (2) and (3) anterior and posterior insertion of the dorsalfin; (4) and (6) points
of maximum curvature of the peduncle; (5) posterior body extremity; (7) and (8) posterior and
anterior insertion of the anal fin; (9) insertion of the pelvic fin; (10) insertion of the operculum

at the lateralprofile; (11) posterior extremity of premaxillar; (12) centre of the eye; (13) superior
insertion of operculum; (14) beginning of the lateral line; (15) point of maximum extension of

operculum on the lateral profile; (16) and (17) superior and inferior insertion of the pectoral fin;

(18) and (19) superiorand inferior margin of the eye; (20) superior margin of the preoperculum.

Using the thin-plate spline equation and the standard formula for uniform shape
components, a weight matrix (containing uniform and non-uniform shape components)
from the aligned specimens were generated (Bookstein 1991). Variability in body shapes
was then examined via relative warp (RW) analysis of the set of uniform and non-uniform
components of shape using TpsRelw 1.36 (Rohlf 2003). The RW scores were then
subjected to Multivariate Analysis of Variance (MANOVA) and Canonical Variate Analysis
(CVA) to test for sex differences in body shapes in P. binotatus using the PAST software
(Paleontological Statistics, version 1.27; Hammer et al 2001).
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Results and Discussion. Significant differences in body shapes of the two sexes of P.
binotatus (right image) (Figure 3a) can be seen based on the distribution of the
individuals along the first two canonical variate axes (Wilks’ lambda = 0.3576; Pillai trace
= 0.6424; P-Value = 9.91E -41). As shown in Figure 3a, the first axis explains much of
the variation between the sexes and accounts for nearly 100% of the variance
(Eigenvalues for CV1 and CV2 are 1.796 and 2.206E-15, respectively).

Significant differences in body shapes of the two sexes of P. binotatus can be seen
also at the left image (Figure 3b) based on the distribution of the individuals along the
first two canonical variate axes (Wilks’ lambda = 0.3576; Pillai trace = 0.2464; P-Value =
9.91E -41). As shown in Figure 3b, the first axis explains much of the variation between
the sexes and accounts for nearly 100% of the variance (Eigenvalues for CV1 and CV2
are 1.796 and 2.206E-15, respectively).
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Figure 3. Distribution of the two sexes of P. binotatus along the first two canonical variate axes.

MANOVA reveals that there is a significant sexual dimorphism in the overall body shapes
of P. binotatus. This is based on the results of the two statistics calculated from MANOVA
which are the Wilks’ lambda and Pillai trace. Both statistics give significant values. This
implies that using the tools of geometric morphometrics would reveal significant
morphological variation using twenty landmarks. These results are further summarized
by the canonical variate analysis (CVA). In all the CVA scatter plots presented, both male
and female points overlap around zero of the first and second axes. The CVA produces a
scatter plot of specimens along the first two canonical axes, producing maximal
separation and second to maximal separation between the two sexes of each fish species
evaluated (Hammer et al 2001). Thus, the results from MANOVA and visualized by the
CVA scatter plots revealed significant differences between sexes of P. binotatus based on
their body shapes.

A number of dimorphic traits are revealed by the histograms of the relative warp
scores that differentiates female (Figure 4) from male P. binotatus (Figure 5). The
variations observed are described in Tables 1 and 2. These include bigger head region,
deeper body depth and length of the tail region. Females have bigger head region,
deeper body depth and shorter tail region than males. Bigger head region would
maximize buccal volume and suction velocity as an adaptation for feeding on
macrobenthos (Caldecutt & Adams 1998) whereas deep bodies increase maneuverability
when foraging (Webb 1982, 1984). A greater degree of convex curvature of the dorsal
part of the tail region is also evident in females than in males. This could be attributed to
the bulkier abdominal region of the females. Males have wider anal fin base than the
females which could promote success in male-male competition or female choice as
observed in the genus Petrotilapia by Kassam et al (2004). Larger fin base should aid in
stability and control during swimming and may help males position themselves optimally
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relative to females during spawning in order to maximize fertilization success (Videler
1993 as cited by Casselman & Schulte-Hostedde 2004).

Right Left

o 002
e RW2= 16.05%

0.02
o RW3=049%

0016
RW3=13.1%

0 0016

RW4=8 12% a1 RW4=8%

-0.016 o note

*#1 Rw6-5.41% B

o 001s
2 RW5=6.49%

o 04
o0z 001 0 0.01 -0.016 i 0016 0032

Figure 4. Summary of the geometric morphometric analysis showing the consensus morphology
(uppermost panel) and the variation in body shape among the female population (right and left image)
of P. binotatus, produced by the first six relative warps (RW).
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Figure 5. Summary of the geometric morphometric analysis showing the consensus morphology
(uppermost panel) and the variation in body shape among the male population (right and left image)
of P. binotatus, produced by the first five relative warps (RW).
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Table 1

Left

Variations observed in the body shapes of female P. binotatus
RW (%)
Variations observed are associated with

RW (%) Right
RW 1 Differences in the body depth RW 1
and trunk and tail regions. = the head, trunk and tail regions.
30.53 Individuals with positive scores have
more compression of the head, trunk

26.80 Individuals with positive
scores have shorter head and
trunk regions and have longer and tail regions than those with negative

and narrower tail region. scores. However, individuals with
However, individuals with negative scores have longer tail region
negative scores have deeper contributing to their greater standard
body depth and shorter tail length.
region.
RW 2 Observable body shape RW 2 Similar observations with RW 1
= differences relating to the =
16.05 curvature of the tail region. 14.39
Individuals with positive
scores have their tail region
curves dorsally while those

with negative scores have
their tail region curves
ventrally.
RW 3 Individuals with positive RW 3 Variability in the mouth region and body
= scores have constriction of the = depth. Individuals with positive scores
9.49 mouth region and have longer 13.1 have constriction of the mouth region
trunk region in contrast to the towards the ventral side while
individuals with negative individuals with negative scores have
scores having compressed constriction of the mouth region towards
trunk region. the dorsal side. In addition, individuals
with positive scores have deeper body
depth than those with negative scores.
RW 4 Variations observed on the RW 4 Individuals with positive scores have
head, trunk and tail regions. = tails slightly pointing ventrally.
8 Individuals with negative scores have
constriction of the head and trunk

8.12 Majority of the individuals
have positive scores and are
characterized with a slight regions.
compression of the tail region.
However, individuals with
negative scores have
constriction of the ventral part

of the head region and

compression of the trunk
region.
RW 5 Individuals with positive RW 5 Constriction of the mouth region and
= scores have longer tail region = compression of the head region.
6.49 than those with negative 6.2 Individuals with positive scores have
scores. constriction of the mouth region drawing
them towards the ventral side. However,
constriction of the head region is
observed in individuals with negative
scores.
RW 6 Similar variations observed RW 6 Individuals with positive scores have
= with RW 5 = tails pointing dorsally while individuals
5.41 5.52 with negative scores have tails pointing
ventrally.

326
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Table 2
Variations observed in the body shapes of male P. binotatus

RW (%) Right RW (%) Left
RW 1 Variation in the tail region. RW 1 Variation in the tail region. Individuals
= Individuals with positive = with positive scores have shorter tail
30.23 scores have longer tail region 31.43 region than individuals with negative
than individuals with negative scores.

scores resulting to longer
standard length. On the other
hand, individuals with
negative scores have
compressed trunk and tail

regions.
RW 2 Differences in the head region RW 2 Differences in the head region.
= are observed. Individuals with = Individuals with negative scores have
20.98 negative scores have 21.79 shorter head region than individuals
compressed head region and with positive scores.

expanded tail region in
contrast to the compressed
tail region of the individuals
with positive scores.

RW 3 Variations associated with the RW 3 Variation among the individuals
= head length and trunk region. = observed in the third relative warp
8.47 Individuals with positive 8.91 (RW3) is associated with the head
scores have longer head region. Individuals with positive score
length and more compressed have shallower head region than those
trunk region than those with with negative scores.
negative scores.
RW 4 Differences in the tail region. RW 4 Differences in the tail region. Individuals
= Individuals with positive = with positive scores have tails pointing
6.92 scores have tails pointing 6.85 upward while individuals with negative
downward while individuals scores have tails pointing downward.

with negative scores have
tails pointing upward.
RW 5 The fifth relative warp (RW5) RW 5 The fifth relative warp (RW5) accounts
= accounts for variations = for variations associated with the head
8.47 associated with the tail 5.25 region. Individuals with positive scores

region. Individuals with have more compressed head than the
positive scores have expanded individuals with negative scores.

posterior part of the tail
region than those with
negative scores.

Conclusion. The results of the study underlies the utility of the method of Geometric
Morphometrics in discriminating sexes in P. binotatus and in understanding variability in
the shapes of the body of this fish. Future studies should be directed towards unraveling
the functional basis of the observed differentiation in the shapes of the body as well as
the observed disparity in the shapes of the body between sexes.

Acknowledgements. The senior author would like to acknowledge the support of the
administration of Notre Dame of Marbel University for the scholarship grant and to Mr.
Muhmin Micahel Manting for the technical assistance in the conduct of the study. To Dr.
Jessie Gorospe of the MSU-Naawan for the fish id.

References

Adams D. C., 1999 Methods for shape analysis of landmark data from articulated
structures. Evolutionary Ecology Research 1:959-970.

AACL Bioflux, 2012, Volume 5, Issue 5. 327
http://www.bioflux.com.ro/aacl



Adams D. C., Rohlf F. J., Slice D. E., 2004 Geometric morphometrics: ten years of
progress following the “revolution.” Ital J of Zool 71(1):5-16.

Bookstein F. L. 1991 Morphometric tools for landmark data: geometry and Biology.
Cambridge Univ. Press, New York. 435 pp.

Buitrago-Suarez U. A., Brooks M. B., 2007 Taxonomy of the catfish genus
Pseudoplatystoma Bleeker (Siluriformes: Pimelodidae) with recognition of eight
species. Zootaxa 1512:1-38.

Caldecutt W. J., Adams D. C., 1998 Morphometrics of trophic osteology in the threespine
stickleback, Gasterosteus aculeatus. Copeia 4:827-838.

Casselman S. J., Schulte-Hostedde A. 1., 2004 Reproductive roles predict sexual
dimorphism in internal and external morphology of lake whitefish, Coregonus
clupeaformis. Ecology of Freshwater Fish 13:217-222.

Cavalcanti M. J., Monteiro L. R., Lopes P. R. D., 1999 Landmark-based morphometric
analysis in selected species of serranid fishes (Perciformes: Teleostei). Zool Stud
38:287-294.

Conlu P. V., 1986 Guide to Philippine flora and fauna (fishes). Quezon City: JMC
Incorporated, 495 pp.

Corti M., Angelo L. O., Cataudella S., 1996 Form changes in the sea bass, Dicentrarchus
labrax (Moronidae:Teleostei), after acclimation to freshwater: an analysis using
shape coordinates. Environmental Biology of Fishes 47:165-175.

Costa C., Cataudella S, 2007 Relationship between shape and trophic ecology of selected
species of Sparids of the Caprolace coastal lagoon (Central Tyrrhenian sea). Environ
Biol Fish 78:115-123.

Douglas M. E., Douglas M. R., Lynch J. M., Mcelroy D. M., 2001 Use of geometric
morphometrics to differentiate Gila (Cyprinidae) within the upper Colorado River
Basin. Copeia 2:389—400.

Hammer O., Harper D. A. T., Ryan P. D., 2001 PAST: Paleontological Statistics Software
Package for Education and Data Analysis. Palaeontologia Electronica 4(1): 9 pp.
http://palaeo-electronica.org/2001_1/past/issuel_01l.htm.

Hood C. S., Heins D. C., 2000 Ontogeny and allometry of body shape in the blacktail
shiner, Cyprinella venusta. Copeia 1:270-275.

Kassam D., Mizoiri S., Yamaoka K., 2004 Interspecific variation of body shape and sexual
dimorphism in three coexisting species of the genus Petrotilapia (Teleostei:
Cichlidae) from Lake Malawi. Ichthyol Res 51:195—201.

RohlIf F. J., 1999 Shape statistics: procrustes superimposition and tangent spaces. J Class
16:197-223.

RohIf F. J., 2003 TpsRelw Version 1.36. Department of Ecology and Evolution, State
University of New York at Stony Brook, New York http://life.bio.sunysb.edu/morph/.

RohIf F. J., 2006 TpsDig Version 2.10. Department of Ecology and Evolution, State
University of New York at Stony Brook, New York, http://life.bio.sunysb.edu/morph/.

RohlIf F. J., Slice D. E., 1990 Extensions of the procrustes method for the optimal
superimposition of landmarks. Syst Zool 39:40-59.

Rolhf F. J., Marcus L. F., 1993 A revolution in morphometrics. Trends Ecol Evol 8:129—
132.

Turan C., 1999 A note on the examination of morphometric differentiation among fish
populations: the Truss System. Tropical Journal of Zoology 23:259-263.

Turan C., Den D. E., Rlek M. G., Babusta N., Turan F., 2004 Morphometric structuring of
the anchovy (Engraulis encrasicolus L.) in the Black, Aegean and Northeastern
Mediterranean Seas. Turk J Vet Anim Sci 28:865-871.

Vasconcellos A. V., Vianna P., Pavia P. C., Schama R., Sole-Cava R., 2008 Genetic and
morphometric differences between vyellow tail snapper (Ocyurus chrysurus,
Lutjanidae) populations of the tropical West Atlantic. Genetics and Molecular Biology
31(1):308-316.

Walker J. A., 1997 Ecological morphology of lacustrine threespine stickleback
Gasterosteus aculeatus L. (Gasterosteidae) body shape. Biol J Linn Soc 61:3-50.
Webb P. W., 1982 Locomotor patterns in the evolution of actinopterygian fish. American

Zoologist 22:329-342.

AACL Bioflux, 2012, Volume 5, Issue 5. 328
http://www.bioflux.com.ro/aacl



Webb P. W., 1984 Body form, locomotion and foraging in aquatic vertebrates. American
Zoologist 24:107-120.
*** http://www.fishbase.org/Summary/SpeciesSummary.php?id=5180.

Received: 01 September 2012. Accepted: 14 September 2012. Published online: 25 September 2012.

Authors:

Emma L. Dorado, Natural Sciences-Mathematics Department, College of Arts and Sciences, Notre Dame of
Marbel University, Alunan Avenue, 9506 Koronadal City, South Cotabato, Philippines, email:
emmal_dorado@yahoo.com.ph

Mark Anthony J. Torres, Department of Biological Sciences, College of Science and Mathematics, MSU-lligan
Institute of Technology, Bonifacio Avenue, Tibanga, 9200 lligan City, Philippines, e-mail:
torres.markanthony@gmail.com

Cesar G. Demayo, Department of Biological Sciences, College of Science and Mathematics, MSU-lligan Institute
of Technology, Bonifacio Avenue, Tibanga, 9200 lligan City, Philippines, email: cgdemayo@gmail.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Dorado E. L., Torres M. A. J., Demayo C. G., 2012 Sexual dimorphism in body shapes of the spotted barb fish,
Puntius binotatus of Lake Buluan in Mindanao, Philippines. AACL Bioflux 5(5):321-329.

AACL Bioflux, 2012, Volume 5, Issue 5. 329
http://www.bioflux.com.ro/aacl



