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Bembrops caudimacula dominates the deep-sea trawl catch in the exploratory surveys and as bycatch
in the commercial trawling targeting deep-sea shrimps, in the Indian Exclusive Economic Zone. The
intra-species variability in the bathy-demersal fish Bembrops caudimacula collected from two different
ecosystems in the Indian Ocean were studied using otolith morphometric analysis. Five otolith size
parameters (ferret length, ferret width, area, perimeter and weight), and five shape indices (roundness,

Keywords: rectangularity, ellipticity, form factor and circularity) were taken from forty-seven otoliths collected
Bembrops caudimacula from two regions. Principal component analysis (PCA) and non-parametric PERMANOVA successfully
Arabian sea differentiate the fishes from two regions based on the otolith morphometry. PCA indicated that ellipticity
gi‘g?{;‘a“ sea and otolith weight were the major factor responsible for the variation. The study indicated that otoliths

of the fishes collected from Andaman Sea (part of Bay of Bengal) were more elliptic and massy compared
to those collected from the Arabian Sea. This is the first work on the differentiation of B. caudimacula
population from these two unique ecosystems, using otolith morphometry which is highly imperative to
understand its population structure. Our study confirmed the suitability of otolith morphometric studies

as an easiest and inexpensive method for differentiating the fish populations.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

The genus Bembrops (Opal fish), coming under the family Per-
cophidae, includes 17 species (Eschmeyer, 2017; Smith and Heem-
stra, 1986; Das and Nelson, 1996). These fishes are mainly dis-
tributed in the continental shelf and slope areas of tropical and
warm temperate regions of the Indo-West Pacific and Atlantic be-
tween depths of approximately 50-700 m (Das and Nelson, 1996;
Venu, 2009; Hashim, 2012). Bembrops caudimacula (Steindachner,
1876), B. platyrhynchus (Alcock, 1894), and B. curvatura (Okada and
Suzuki, 1952) were reported from Andaman and Nicobar water
whereas B. caudimacula and B. platyrhynchus are distributed in
the Arabian Sea (Das and Nelson, 1996; Hashim, 2012). The genus
Bembrops has an elongated body, sub-cylindrical, head depressed
anteriorly, posteriorly compressed and smaller in size (Smith and
Heemstra, 1986; Das and Nelson, 1996) with a maximum length
of 350 mm. (Knapp, 1981; Das and Nelson, 1996; Venu, 2009;
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Hashim, 2012). B. caudimacula is known to be one of the most dom-
inant deep-sea fish species caught during the exploratory fishery
operations as well as a major by-catch during commercial deep-sea
trawling targeting deep-sea shrimps (Venu, 2009; Hashim, 2012).
However, little information is available on their economic value.
These species can be considered as a potential alternative fishery
resource which certainly would reduce fishing pressure on other
fishery resources.

Studies on B. caudmacula from Indian waters are restricted
to their basic biological characteristics such as food and feeding
and length-weight relationships (Venu, 2009; Hashim, 2012). No
efforts have been made to understand their stock structure and
population characteristics from these regions as these data are
essential for their accurate assessment of stock and formulating
sustainable managements policies and strategies for the respon-
sible utilization of this resource. Each stock is characterized by
unique features which are influenced by their genetic as well as
environmental factors (Cadrin and Friedland, 1999). Phylogeny
associated otolith shape variability has been reported in many
teleost fishes (Gaemers, 1984; Monteiro et al., 2005), with some
conflicting results (Lombarte et al., 2010).


https://doi.org/10.1016/j.rsma.2018.100466
http://www.elsevier.com/locate/rsma
http://www.elsevier.com/locate/rsma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rsma.2018.100466&domain=pdf
mailto:aneeshmenan12@gmail.com
https://doi.org/10.1016/j.rsma.2018.100466

K.P. Deepa, K.V.A. Kumar, O. Kottnis et al. / Regional Studies in Marine Science 25 (2019) 100466 1

Table 1

Otolith sample size (n), ranges of mean values, standard lengths and otolith size parameters and shape indices of Bembrops caudimacula collected from Arabian Sea and

Andaman Sea, India.

n SL(cm) oW (g)* FL(mm)* FW (mm)® Area Perimeter  Ellipticity® Roundness” Rectangularity® Form factor® Circularity®
(mmZ)a (mm)\

Arabian Sea

27 12.9-18.0 0.004-0.022 441-5.54 2.43-38 7.74-14.0 11.69-17.24 11.38-18.49 0.48-0.60 0.62-0.72 0.53-0.66 17.62-23.94

mean & SD 16.1 & 1.30 0.0158 £ 0.004

5.04 £+ 0.37 3.14 £ 0.37 10.67 & 1.68 14.70 £ 1.57 15.54 & 1.95 0.53 £ 0.03 0.67 - 0.03

0.614+0.04 234+ 177

Andaman and Nicobar waters

20 13-20.52  0.012-0.034 4.59-6.39 2.49-4.02 13-20.52

mean = SD 18 £+ 1.95 0.02345 + 0.00664 5.84 + 0.48 3.314+0.38 18.3 £ 1.95 15.98 &+ 1.57 23.22 £+ 3.78 0.48 4 0.02 0.67 & 0.03

12.02-18.22 17.80-28.61 0.45-0.53 0.61-0.75 0.52-0.70  17.85-22.46

0.634+0.05 19.75 4+ 1.27

SL, Standard Length; OW, Otolith Weight; FL, Feret Length; FW, Feret Width.
20tolith size parameters.
bOtolith shape indices.

Shape analysis of sagittal otoliths are found to be more accurate
than fish morphology for differentiating the population as these
objects are species specific, highly sensitive to short term vari-
ability in feeding, spawning and environmental condition of the
ecosystem (Vieira et al., 2014; Zischke et al., 2016; Libungan et al.,
2016). The shape analysis of otoliths are effective alternate meth-
ods to differentiate the population/stocks over genetic analysis
as these methods are time consuming and much more expensive
(Wakefield et al., 2014; Zhuang et al., 2015; Libungan et al., 2016;
Zischke et al., 2016). Otolith morphological variations which are
highly influenced by sex, age, year class and stock, are considered
as potential tools and are extensively used in the food and feeding
studies (Vignon and Morat, 2010; Zischke et al., 2016; Kumar et al.,
2017a,b). Morphological characteristics are species specific and ex-
tensively used to identify fish species in palaeoichthyology, stock
discrimination, for testing the function and ecological significance,
and for systematic research on teleost fish (Aguirre and Lombarte,
1999; Tuset et al., 2010; Bostanci et al., 2015). The differentiation of
species/stocks using otolith morphometry from the Indian waters
are either unavailable or very limited (Kumar et al., 2012).

The objective of the present work is to study the feasibility of
the use of the otolith morphometry to differentiate the stocks of B.
caudimacula collected from the Arabian Sea and the Andaman Sea.

2. Materials and methods
2.1. Sampling and otolith collection

Experimental fishing operations were carried out in the Arabian
Sea (AS) (April 2015, cruise no. 338, 11° 0743” N, 75° 25’ 82"E,
depth 238 m) and the Andaman Sea (AN) (April 2016, cruise no.
349, 12° 44’ 480" N 93° 08'204” E, depth 332 m) onboard FORV
Sagar Sampada of Ministry of Earth Sciences, Government of India
using high speed demersal trawl (HSDT, Crustacean version) for
studying the deep-sea fishery resources of Indian Exclusive Eco-
nomic Zone. Trawl catches were sorted and morphometric mea-
surements of the fishes were taken onboard. Fishes were identified
to species level using standard identification keys (Alcock, 1898,
1899; FAO, 1984). Otoliths were removed by making an incision
on the cranium and were cleaned with distilled water, dried and
stored in plastic vials for the subsequent analysis. A total of 47
otoliths (right side) were taken for the morphometric analysis (20
and 27 from AN and AS, respectively). The images of the otolith
(sulcus side) was taken using stereo zoom trinocular microscope
(Leica model No. SSAPO: Camera, Leica DFP-425). Five parameters
indicating the size of the otoliths (feret length, FL, the longest
dimension between rostrum and post rostrum; feret width, FW,
the dimension from dorsal to ventral edge of otolith taken at right
angles to the FL through the focus of the otolith; area, perimeter,
weight) and five shape indices (roundness, rectangularity, ellip-
ticity, form factor, and circularity) were calculated using the im-
age analyzing software Image]. The shape indices were calculated

based on specific mathematical equations (Legua et al., 2013).
The otolith weight was measured using an electronic balance
(Metler, Toledo, ML 503) with an accuracy of 0.0001 g (Kumar
et al,, 2017a,b). The summary of the statistics of five otolith size
parameters and five shape indices of B. caudimacula is provided in
Table 1. All the otolith size parameters selected for the analysis give
the two-dimensional representations of the otolith. The curvature
and thickness of the otoliths were not considered for the study
(Zischke et al., 2016).

2.2. Statistical analysis

The otolith size variables showed significant relationship with
fish size (Table 2) (Battaglia et al., 2010; Kumar et al., 2017a,b) and
were scaled up with fish size (SL) using linear regressions (Zischke
et al., 2016; Tuset et al., 2018). The slope (b) was calculated using
the linear regressions to standardize (scaling) otolith size param-
eters for removing the allometric influence data (Zischke et al.,
2016). The allometry corrected data was used for the subsequent
analysis. The allometric correction of the data was achieved by
using the following equation.

—\b
X

MS :MO <7>
X

M, is the original otolith size parameter, X is the mean of the
size parameter (SL) for all specimens, x is the size parameter (SL) of
each specimen. The slope value (b) was estimated for each otolith
size parameter as the slope of the regression between log Mo and
log x (Elliott et al., 1995; Lleonart et al., 2000; Zischke et al., 2016).
The shape indices, which were also found to have a significant
correlation with standard length, usually invariant with fish size
(Duarte-Neto et al., 2008) were also scaled following the same
protocol. Later, a data matrix was created with allometry corrected
and non-corrected (size parameters which not related with fish
size) size parameters for the further statistical analysis.

The principal component analysis (PCA) was performed on al-
lometry corrected data to determine the intra-species otolith mor-
phological variability among B. caudimacula collected from AS and
AN based on five otolith size parameters (area, perimeter, width,
height, weight) and five shape indices (roundness, rectangularity,
ellipticity, form factor and circularity). We also tried to determine
the major variables responsible for these variations (Nielsen et al.,
2010; Gauldie and Crampton, 2002).

All the otolith size parameters and shape indices were ex-
amined by checking the normality and homoscedasticity using
Shapiro-Wilk test and Levene test (R Core Team, 2014). Since
the data set was non-normal and heteroscedastic in nature, a
non-parametric multivariate test (One-way PERMANOVA, based
on Bray-Curtis Similarity Index) (Anderson, 2001, 2005) was per-
formed using PAST (PAleontological STatistics, version v1.81)
(Hammer et al., 2001) to understand the intra-specific variation
in otolith morphometry of B. caudimacula.
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Table 2

Correlation between various otolith size parameters and shape indices with fish
size of Bembrops caudimacula collected from Arabian Sea and Andaman Sea, India
(statistically significant relationships are marked in bold) during 2015-2016.

Relationship between R? Significance level
SL X Feret length 0.68 p <0.05
SL X Feret width 0.74 p <0.05
SLX Area 0.76 p <0.05
SL X Perimeter 0.74 p <0.05
. SL X Otolith weight 0.72 p <0.05
Arabian Sea SL X Roundness 0.11 P > 0.05
SL X Rectangularity 0.31 p < 0.05
SL X Ellipticity 0.33 p <0.05
SL X Form factor 0.32 p <0.05
SL X Circularity 0.32 p < 0.05
SL X Feret length 0.91 p < 0.05
SL X Feret width 0.76 p < 0.05
SL X Area 0.9 p <0.05
SL X Perimeter 0.83 p < 0.05
SL X Otolith weight 0.77 p <0.05
Andaman Sea SLX Roundness 0.001 P> 0.05
SL X Rectangularity 0.09 P > 0.05
SL X Ellipticity 0.73 p <0.05
SL X Form factor 0.08 P > 0.05
SL X Circularity 0.09 P> 0.05

R?, correlation coefficient.

Table 3
Results of principal component analysis depicting of percentage variance in first
five axes.

PC Eigenvalue % variance

1 11.2509 52.447

2 7.17911 33.466

3 2.45969 11.466

4 0.540898 25214

5 0.0120235 0.056049
3. Results

The representative otolith images of B. caudmacula collected
from two regions are shown in Fig. 1. The results of the morpho-
metric analysis are summarized in Table 2. Otoliths from both
regions were visually very similar in appearance and shape. Lin-
ear regression showed significant correlations between fish size
(SL) and otolith size parameters and shape indices (Fig. 2A). Five
otolith size parameters (FL, FW, area, perimeter, weight) and four
shape indices (rectangularity, ellipticity, form factor and circular-
ity) showed significant correlation with fish size (SL) (r* ranges
0.32-0.75) for the otoliths collected from AS. All the five otolith
morphometric measurements (FL, FW, area, perimeter, otolith
weight) (r?> ranges 0.76-0.91) and one shape index (ellipticity)
showed significant correlation with fish size (r> = 0.73, P < 0.05)
for the otoliths collected from AN. Shape indices such as roundness,
rectangularity, form factor and circularity for the fishes collected
from AN waters did not show any significant relationship with the

Fig. 1. Representative otolith images of B. caudimacula collected from Arabian Sea
(A) and Andaman Sea (B), India collected during 2015-2016.

fish size (P > 0.05) and were not considered for allometric scaling.
Subsequent scaled otoliths variables had no correlation with fish
size, indicating that the effect of fish size on otoliths measurements
was successfully removed (Fig. 2B).

The fishing operations carried out in AN (cruise no 349) were
deeper compared to AS (332 m and 238 m for AN and AS, respec-
tively). The temperature and salinity recorded from AN and AS
were 11.5 °Cand 13.4 °C, and 35.03 and 35.17, respectively.

3.1. Multivariate analysis

In the PCA analysis, first five PCs account for 100% of the vari-
ation. The first and second PC axes described 52.4% and 33.5% of
the total variation in otolith morphometry (Table 3). The B. caudi-
macula collected from AN and AS falls on the positive and negative
axes of the PC1, respectively (Fig. 3). PC1 clearly differentiates
the fishes based on ellipticity (r = 0.77) and otolith weight (r =
0.61) (Table 4). Otolith weight (r = 0.75) and ellipticity (r = 0.57)
are responsible for the major variation in the PC2. The otoliths
of B. caudmacula collected from AN were more elliptic and massy
compared to the specimens collected from AS (see Fig. 3).

The One-Way PERMANOVA using all scaled otolith morphome-
tric variables were found to be very effective in differentiating B.
caudimacula collected from the two regions (9999 Permutations, F
=44.3,p =0.0001) indicating a significant difference in the otolith
morphometry of B. caudmacula between the two regions.

Table 4

Correlation coefficient values between PC’s components and otolith morphometric variables. In bold, correlations higher

abs (0.3).

PC1 PC2 PC3 PC4 PC5

Area 0.10742 0.14241 0.088228 0.79744 —0.11088
Perimeter 0.0060753 0.18575 0.37136 0.44186 —0.16351
Feret length 0.061301 —0.016387 0.040594 0.10023 0.50149
Feret width —0.016971 0.061802 0.022819 0.15636 0.79336
Otolith weight 0.60912 0.75111 —0.16331 —0.19516 —0.0019335
Roundness —0.0061251 0.0089933 —0.0044758 0.01382 —0.094524
Rectangularity —0.0009418 —0.0011507 —0.0041756 0.0061832 —0.26027
Ellipticity 0.76891 —0.56922 0.27838 —0.024298 0.0010571
Form factor —0.0025861 —0.0060999 —0.023133 0.016598 —0.047616
Circularity —0.14864 0.22987 0.86452 —0.30851 0.033339
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Fig. 2. Scatter plots of original otolith measurements (A) and scaled up otolith measurements (B) with standard length for B. caudimacula collected from Arabian Sea (black

circles) and Andaman Sea (open squares), India during 2015-2016.

4. Discussion

B. caudimacula contributed a major share to the total catch
during the exploratory deep-sea trawling surveys onboard FORV
Sagar Sampada at depth ranges found both in both Arabian Sea
and Andaman Sea and forms the major by-catch during commer-
cial trawling operations for deep-sea shrimps along west coast of
India (Venu, 2009; Hashim, 2012). The accurate identification of

stocks of these species are very essential for their management and
sustainable utilization of resources. The molecular methods are
always time consuming and expensive and are often not highly re-
liable when the fishes exhibit ecomorphological adaptations (Zis-
chke et al., 2016). Our studies confirmed the suitability of otolith
morphometry in differentiating the populations of B. caudimac-
ula found at AS and AN. Otolith morphology and morphometric
measurements can differ among populations of the same species
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Fig. 3. Principal component analysis showing the differentiation of Bembrops caudimacula collected from Arabian Sea and Andaman Sea based on their otolith morphometry

(A: Arabian Sea, B: Andaman Sea).

in different locations (Reichenbacher et al., 2009). Our study in-
dicated that otolith weight and ellipticity are the major variables
responsible for the differentiation between the B. caudimacula
inhabiting in two different ecosystems. Fishes from AN possess
more heavy and elliptic otoliths compared to those collected from
the AS. Previous studies reported that otolith shape varies with
the habitat the fish inhabits (Parmentier et al., 2001). Physico-
chemical characteristics of the region (viz., salinity, temperature
and depth) greatly influence the otolith accretion rates (Kumar
et al,, 2012; Cardinale and Arrhenius, 2004; Zischke et al., 2016).
It is highly evident from various studies that both AS and AN are
very unique in their oceanographic characteristics (Kumar et al.,
2002; Gauns et al., 2005; Madhupratap et al., 2001). The fishes
collected from AN were from deeper waters (332 m) compared to
those from AS (238 m). The habitat complexity and depth where
the fish inhabits might have profound influence on the otolith
accretion rates and its morphology as confirmed by previous re-
searchers (Lombarte and Lleonart, 1993; Gauldie and Crampton,
2002; Bani et al., 2013). Further studies have to be conducted on
the otolith morphometric variations at different depths from the
same geographical area to discern these relationships clearly. AN
was found to be cooler (11.5 °C) than AS (13.4 °C) at fishing depths
during the sampling period. The influence of water temperature
on otolith accretion rates was reported by previous researchers
(Lombarte and Lleonart, 1993; Gauldie et al., 1980; Kalish, 1989;
Jones, 1992). The decline of temperature with increasing depth
was reported to be an important factor for the otolith growth
(Lombarte and Lleonart, 1993; Gagliano and McCormick, 2004;
Mérigot et al., 2007; Hiissy, 2008). It was observed that AN was
less saline compared to AS (Madhupratap et al,, 2001; Kumar
et al,, 2002). The influence of salinity on the otoliths accretion
rates were confirmed by research carried out elsewhere (Mazloumi
etal.,2017; Diouf et al., 2006; Elsdon and Gillanders, 2002). Hence,
it is well understood that the changes in physical and chemical
parameters in different habitats are responsible for differences in
calcareous concrescence formation in fishes.

The present study observed a high b value for the relationship
between feret length and otolith weight for the fishes collected
from AS (b = 3.38) compared to AN (b = 3.29). This indicated that
relative length of the otolith, compared to its weight, is higher in
AS. Vermeij (1978) and Lombarte and Lleonart (1993) reported the
lower temperature negatively influences the accretion of calcium
carbonate incorporation in the otolith. The relationship between
otolith size and fish size of B. caudimacula from AS were reported
by Kumar et al. (2017a,b). No previous estimations are available
on the relationship between otolith size and fish size of B. caudi-
macula from AN. The availability of preferred food items may differ

between the locations also expected to play a role in the otolith
morphological variability among species (Cardinale and Arrhe-
nius, 2004; Gagliano and McCormick, 2004; Hiissy, 2008; Limburg,
1995; Gallahar and Kingsford, 1996; Buckel et al., 2004). The re-
building of body size and prey biomass from otolith measurement
is possible by applying a back-calculation (Battaglia et al., 2010).
The Arabian Sea is biologically more productive than the Bay of
Bengal which differs greatly in their oceanographic characteristics
(Kumar et al., 2002; Gauns et al., 2005). The uniqueness of these
two ecosystems with their physico-chemical characteristics regu-
lates the otolith accretion rates. These factors are also expected to
influence their diet preferences and availability, and are reflected
in the intra-species otolith morphometric variations

B. caudimacula can be considered as a promising resource for
the commercial exploitation at a depth range of 50-700 m when
most of the conventional fishery resources of the country are either
depleted or there is no scope for the further expansion (Das and
Nelson, 1996). Better understanding about the otolith morphol-
ogy/morphometry and their intra-species variability would be very
useful in understanding population structure and for accurate yield
estimations in the future. The present study further confirms the
ease, speed and relatively low cost of this method, to differentiate
populations.
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