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ABSTRACT

Facial sexual dimorphism of Terapon theraps Cuvier, 1829 was studied through geometric morphometric method.
Twenty-four landmark based morphometric distances, acquired from lateral side of head, were subjected to canonical
discriminant analysis (CDA) to understand facial sexual dimorphism in the species. Scatter plot of canonical factors
differentiated male and female based on measurements associated with jaws, opercle and pectoral fin. Discriminant
function analysis (DFA) described sexes with 28.76% error. The study showed that geometric morphometry based sexual

differentiation in fishes with no external characters is a promising tool.
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Intraspecific sexual dimorphism based on shape
related aspects are generally associated with reproduction
(Andersson and Iwasa, 1996) but also known to rise from
the response of trophic structures (e. g. mouth parts),
intersexual niche partitioning (Shine, 1989), immune
defense (Rolff et al., 2005), size variation (Schoener,
1969) and mobility (Bonnet et al., 2001), combined
or alone. Though sexual dimorphism arises due to
interaction between natural and sexual selection, female
choice determines species to remain sexually dimorphic
or monomorphic (Ritchie ef al., 2007). These variations in
morphology are hard to understand by direct observation
except for some, which follow temporal appearance
(Schultz, 2008) or somatic attribute (Fujimoto et al.,
2010), but in most fishes, visual sexual dimorphism does
not exist where fertilisation is external (Blaxter, 2001).
Visualisation of interspecific variations can be facilitated
by geometric morphometric techniques with statistically
powerful methods by analysing shape (Rohlf, 2005).
These methods statistically define and analyse coordinates
of landmarks, rather than traditional measurements and are
particularly useful in analysis and differentiation of closely
related biological entities. This study applied landmark
based geometric morphometric analysis to describe
interspecific variation in largescale terapon Terapon
theraps Cuvier, 1829 from Mumbai, India. Largescale
terapons are identified by 4 dark bands or stripes on the
lateral side of body and strong lower opercular spine
(Fischer and Bianchi, 1984). They are common in marine

waters and occasionally in brackishwater areas (Vari,
1984). They do not have any external sexual dimorphism.
Establishment of external morphological characters
can support better management plans (Merz and Merz,
2004). Therefore, results of the present study would have
potential applications in stock analysis and biodiversity
assessments.

A total of 61 fishes (34 female and 27 male)
were collected from Versova landing centre, Mumbai,
India, from June to October 2017. The specimens were
transported to the laboratory in chilled condition. Since
external morphology could not confirm sex, gonads were
observed after dissection to segregate the males and
females. Only sexually mature fishes were used for the
study. The left side of each fish was photographed using a
digital camera and digitised with TpsDig ver. 2.10 (Rohlf,
2006). Fourteen landmarks were selected on the head
region of the fish to provide head shape summary (Fig. 1).
Coordinates of landmark points were transformed to
distances using PAST ver. 3.20 (Hammer ef al.,2001) and a
truss network was established on the head region of the fish
(Fig. 2). Morphometric data of head were transformed and
normality was tested using the SAS PROC UNIVARIATE
procedure (SAS, 2008) to remove outliers. Since there
were no outliers; the data was transformed to remove size
-variation using allometric approach (Reist, 1985):

M__ = logM - (logSL - logSL

trans mean)
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where, M is the transformed distance, log M is the
natural log of original distance, b is the within group
regression value of slope of logM on log SL, SL is the
head length of fish and SL__ is the sex-wise mean of head
length.

Correlation coefficients between distances, prior and
after transformation, were used to assess the effectiveness
of transformation. In addition to correlation, MANOVA
of truss distances was also performed to test significant
difference between both sexes. A total of 24 truss distances
were selected by discriminant function analysis (DFA)
with forward selection method (STEPDISC procedure of
SAS), for the study and rate of miscalculation was also
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Fig. 1. Landmarks described in 7. theraps: (1, 2) anterior
premaxilla; (3) upper margin of nostril; (4) upper
margin of post-temporal bone; (5, 6) lower margins of
post-temporal bones; (7) lateral tip of opercular spine;
(8) meeting point between opercular spine and
subopercle; (9) meeting point between subopercle
and postopercle; (10,11) posterior margins of maxilla;
(12,13) pectoral fin base length; (14) tip of largest
preopercular spine

Fig. 2. Truss network of T. theraps with 14 landmarks in the
head region
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estimated. This method has significantly reduced number
of truss distances, so the unwanted parameters were
avoided. Subsequently, canonical discriminant analysis
(CDA) using PROC CANDISC procedure of SAS (SAS,
2008) was employed to distinguish between both sexes by
analysing canonical discriminants in scatter plot.

Truss distances, after transformation, did not show
any significant correlation with head length, which
revealed that allometric transformation could successfully
remove size effect from the analysis. Multivariate analysis
of variance (MANOVA) could establish significant
difference between both sexes (Wilk’s Lambda = 0.2611,
F = 4.24, p<0.0001) for truss distances, selected from
DFA. CDA of truss distances for sexes (Table 1) indicated
that variable 4-11 and 5-14 had the highest loading values
(0.4) in the first canonical factor (Canl). These factors
were associated with opercular morphometry followed
by lowest values of loading (0.3) of variables 4-9, 5-9,
7-14 and 11-12 of opercular region. Variables 10-11 and
12-13 also indicated same value of first factor associated
with variations of mouth and pectoral fin base length.
Lowest values of canonical (0.2) factor were found to be
associated to mouth part variables 1-11, 2-11 and 3-11.

The total variations in morphometry pertained to
operculum, jaws and pectoral fin. Factor loadings (Canl,
Can2 and Can3) were correlation between variables
and factors. The results revealed that major variation
in sex is due to opercular measurements followed by
measurements of jaws, while least variation was in
pectoral fin measurements. The jaw related measurements
were found to be negatively correlated in determining
sex, while other variables were positive (Figs. 3a,b,c).
To understand variation in distribution of both sexes, a
bivariate plot, using Canl and Can2, was plotted (Fig. 4).
The DFA of 24 truss distances had misclassification rate of
28.76%, where female fishes had a misclassification rate
of 11.11% and male had 17.65% (Table 2).

Sexual dimorphism in many fishes is caused
due to the reproductive role of the sexes which may
influence selection pattern and subsequently results in
morphological variation. Competition in males may
result in adaptations like variation in operculum seen in
fishes of the family Labridae. Larger fins of males help
them position themselves during spawning to maximise
fertilisation rate (Casselman and Schulte-Hostedde,
2004). Some studies on sharks have shown that pre-oral
length of males are significantly shorter than females due
to increased mouth size (Ellis and Shackley, 1995). In
the present study, variation in morphometry in 7. theraps
was evident in operculum, snout and jaws and pectoral
fin. Female fish may have bigger head length to increase
buccal volume to feed on macrobenthos (Caldecutt and
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Table 1. Variable loadings represented as total canonical structure
from forward selection
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Adams, 1998). Jaw shape variation in same species is
attributed to differential feeding behaviour or temporal

Variable Canl Can2 Can3 shift in feeding niche. Female fishes are known to avoid
1-2 -0.09875 0.008313 0.016334 feeding during spawning season or may keep a steady diet
1-10 -0.1101 0.009784 0.038998 and also provide buccal incubation (Schmitt et al., 2015).
1-11 -0.20903 0.017408 0.036014 . o '
2-10 -0.12036 0.011683 0.026215 Sexual dimorphism in 7. theraps is unclear due to the
2-11 -0.2472 0.019842 0.047588 absence of secondary sexual characters such as enlarged
3-4 0.191382 -0.01316 -0.02158
3-5 0.123427 -0.0124 -0.02746
3-11 -0.22904 0.02165 0.051843 2 |
4-5 0.16609 -0.01537 -0.02558 e MEMAE e MAE cerEMA
49 0.372863 -0.03631 -0.12202 L - e FEUA
4-11 0.121659 -0.01096 -0.01708 M“:‘EEW‘L@E FEMAFEMA
MALE FEMA
4-14 0.406757 -0.03223 -0.04655 01 MALiLEMAEEMAFEMA FEM@EMEE
59 0.331714 -0.02722 -0.06902 o wg e WA U M A
5-14 0.428634 -0.03729 -0.02478 3 MADALE FEMAT A
1 MALE  maMALE FEMA  FEMAFEMA

7-8 0.223058 -0.02111 -0.01363 MALE i FEMA

MALE
7-9 0.159805 -0.01435 -0.01104 FEMA
7-14 0.327163 -0.02812 -0.053 2] MALE
8-14 0.224212 -0.02 -0.02375 MALE
10-11 0.39041 -0.03351 -0.04448 -3
10-12 0.291091 -0.02868 -0.05864 4 5 5 4 o 1 5y g
10-13 0.201332 -0.01879 -0.04097 Canl
11-12 0.325728 -0.02681 -0.04912 o
11-13 0.229594 -0.02192 -0.03543 Fig. 4. Scatter plot of first two canonical score showing separation
12-13 -0.30101 0.024522 0.068078

in sex (Female-FEMA, Male-MALE)

(b)

Fig. 3. Canonical score for (a) Opercular measurement (score - 0.4); (b) Opercle, pectoral fin and jaw measurements (Score - 0.3);
(c) Canonical score loadings for opercular measurement (Score - 0.2)
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Table 2. Percentage of fish from each sex classified in cross validation of discriminant function analysis

Sex Female Male Total
Female Number 24 3 27
Percentage 88.89 11.11 100
Male Number 6 28 34
Percentage 17.65 82.35 100
Total Number 30 31 61
Percentage 49.18 50.82 100

belly which may arise during spawning season in most
fishes. For fishes like 7. theraps, where sexual dimorphism
is unclear, geometric morphometry could serve as a great
tool to complement ecological studies. Measurements
pertaining to ecomorphologically associated regions were
found significant in separating sexes, showing that sex
is an ecomorphologically dependent factor in 7. theraps.
The rate of misclassification found by DFA is 28.76% in
T. theraps, where the success of classification depends on
additive effect of all characters.

Management of any fish species requires knowledge
in sexual dimorphism to implement specific management
plans for both sexes which may differ. Although molecular
tools are available for the same purpose, a low-cost
methodology of geometric morphometry can be employed
to avoid time taking procedures. This can be achieved
through developing algorithm-based image readers on
which field identification of the species can be developed.
Once a database is developed, rapid identification can be
achieved and unnecessary sacrificing of fish can also be
avoided. The same study may be extended to other species
of fishes without external sexual characters to understand
sexual dimorphism.
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