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Otolith Shape Analyses and Dimensions of the Anchovy Engraulis encrasicolus L.

in the Black and Marmara Seas
(Analisis Bentuk Otolit dan Dimensi Ikan Bilis Engraulis encrasicolus L. di Laut Hitam dan Marmara)

MELEK ZENGIN*, SEMRA SAYGIN & NAZMI POLAT

ABSTRACT

Otoliths, which can be used for the evaluation of relationships between the environment and organisms, are structures
consisting of calcium carbonate. The aim of this study was to realize the shape analysis. In addition, it is to detect the
characteristics of otolith biometrics in order to determine the relationship between the fish size of Engraulis encrasicolus
L. from the Black and Marmara Seas. The samples were obtained from the Black and Marmara Seas between December
2013 and February 2014. The relationships between the TL (Total length) and OL (Otolith length), TL and 0B (Otolith
breadth), and TL and ow (Otolith weight) were determined using the linear regression equation. Form factor, roundness,
circularity and rectangularity were used for shape analyses. According to the data, there was no difference between
localities (p>0.05). Moreover, there was no difference between the left and right otoliths of the individuals sampled from
the same locality (p>0.05). According to the regression coefficient for relationships of TL-OL, TL-OB and TL-OW, otolith
length was identified as the best index for estimating fish length (r’>0.70). It showed that index values were statistically
different between two populations (p<0.001).
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ABSTRAK

Otolit yang boleh digunakan untuk menilai hubungan antara persekitaran dan organisma, adalah struktur yang terdiri
daripada kalsium karbonat. Kajian ini bertujuan untuk merealisasikan analisis bentuk. Di samping itu, ia juga bagi
mengesan ciri-ciri otolit biometrik untuk menentukan hubungan antara saiz ikan Engraulis encrasicolus L. dari Laut
Hitam dan Marmara. Sampel diperoleh dari Laut Hitam dan Marmara antara Disember 2013 dan Februari 2014.
Hubungan antara TL (Jumlah panjang) dan OL (panjang Otolit), TL dan OB (kelebaran Otolit) serta TL dan OW (berat
Otrolit) telah ditentukan dengan menggunakan persamaan regresi linear. Faktor bentuk, kebundaran, kebulatan dan
segi empat tepat telah digunakan untuk analisis bentuk. Mengikut data, tiada perbezaan antara lokaliti (p>0.05).
Selain itu, tiada perbezaan antara otolit kiri dan kanan daripada sampel dari kawasan yang sama (p>0.05). Menurut
pekali regresi bagi hubungan TL-OL, panjang otolit TL-OB dan TL-OW telah dikenal pasti sebagai indeks terbaik untuk
menganggar panjang ikan (r>>0.70). Ini menunjukkan bahawa nilai indeks berbeza secara statistik antara dua
populasi (p<0.001).

Kata kunci: Analisis bentuk; dimensi otolit; Engraulis encrasicolus; Laut Hitam; Laut Marmara

INTRODUCTION Otoliths are used in various studies such as age

determination, fish growth and population dynamics.
However, studies are limited to otolith morphometry.
Environmental differences and geographic separation of

Otoliths, consist of calcium carbonate are crystallized
structures located in the inner ear of fish, are an indirect
means for studying fish populations and assessing the

relationship between the environment and the organisms
(Lord et al.2012). These structures exhibit linear and shape
morphometries, optical densities, growth characteristics
and different elemental compositions (Campana 2005;
DeVries et al. 2002; Legua et al. 2013; Lord et al. 2012;
Pawson & Jennings 1996). Sagittal otoliths are primarily
used in studies involving otolith morphology. The life
history properties of otoliths allow accurate estimates
of age and growth on both the daily and yearly scale
(Campana & Thorrold 2001). Therefore, otoliths are an
important tool to record the life history of fish.

populations resulted in certain changes in fish otoliths
(Lombarte 1992; Lombarte & Leonart 1993; Sadighzadeh
et al. 2014; Torres et al. 2000; Vignon & Morat 2010). As
aresult, the shape properties of otoliths are widely used in
descriptions of fish stocks (Campana & Casselman 1993;
Dawson 1991).

Otolith analysis is an important marker in the
studies of fish populations. The study of morphological
characteristics of fish otoliths has been considered
significant in recent years to stock identification (Begg
& Brown 2000; Friedland & Reddin 1994; Reddin et al.
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1988; Tuset et al. 2003a) and systematics (Tuset et al. 2008;
Williams & McEldowney 1990).

There are several benefits in the relationship between
the total length and otolith length of fish. The age and size
of fish can be calculated from the otoliths obtained from the
stomach of a predator (Treacy & Crawford 1981). When
the relationship between otolith length and total length in
a species is determined, the total length or standard length
of a fish from its otolith length can be estimated, or vice
versa (Basusta et al. 2013; Battaglia et al. 2010; Sen et al.
2001; Yilmaz et al. 2014) and the otolith morphology is
an additional characteristic among these species-specific
criteria (Hossucu et al. 1999). In many studies, otolith
shape was evaluated based on morphometric measurements
(Russ 1990; Tuset et al. 2006).

Engraulis encrasicolus L. plays a major role in
the fishing industry in Turkey. There are no published
information on stock discrimination of E. encrasicolus
using otolith analyses and dimensions. The aim of this study
was to use otolith shape analysis to detect the relationships
between the total length and otolith length of E. encrasicolus
sampled from the Black and Marmara Seas.

MATERIALS AND METHODS

Engraulis encrasicolus specimens were obtained from
commercial fishing boats at the Black and Marmara Seas
(36°16°’E-42°10’N and 28°11’E-40°29°N, respectively).
The coordinates were recorded using GARMIN GPS.
Sampling was carried out monthly between December
2013 and February 2014.

All captured fish were measured to the nearest 0.1
cm for total length (TL) and weighed to the nearest 0.01
g. Sagittal otoliths were removed by making right and left
distinctions. The measurements for the Black Sea (137

Anterior

individuals) and Marmara Sea (126 individuals) samples
were taken separately. Left and right otoliths were weighed
separately using Pressicia precision scales (0.0001 g).
Otolith breadth (0OB), length (OL), area (A) and perimeter (P)
(£0.001 mm) were determined by Leica Application Suit
Ver. 3.8 Imaging Software. All otoliths were photographed
on the distal side with a Leica DFC295 digital camera. OL
was defined as the greatest distance between anterior and
posterior edges, and OB was defined as the greatest distance
from dorsal to ventral edges (Figure 1).

The sex was determined by macroscopic examination
of the gonads. Firstly, comparisons between left and right
otoliths were tested by t-test. Similarly, differences between
sexes were also examined by t-test. Normal distribution
of all variables was determined using the Kolmogorov-
Smirnov test. The linear regression model (y = a + bx,
where y is fish length and x is otolith measurement) was
applied to estimate the relationships between the otolith
measurements and fish length.

Four shape index values (form factor, circularity,
roundness and rectangularity) taken on the otoliths were
calculated with formulas (Table 1). Form factor is a
means to estimate the surface area irregularity, taking
values of 1.0 when it is a perfect circle and <1.0 when it
is irregular. Roundness and circularity give information
on the similarity of various features to a perfect circle.
Rectangularity describes the variations of length and
width with respect to the area (Tuset et al. 2003b). SPSS
20, Minitab 15.0 and the Excel software were employed
in the statistical analyses.

RESULTS AND DISCUSSION

Anchovy is one of the most important fish species to
support commercial fishing in Turkey, primarily in the

Dorsal
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FIGURE 1. Otolith morphology of Engraulis encrasicolus



TABLE 1. The shape indices calculated using morphometric measurements and formulas
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Parameter Shape indices Formula

P (Perimeter) Form factor (4mA) / P?
A (Area) Circularity P?/A

OL (Otolith Length) Roundness (4A) / (OL?)
OB (Otolith Breath) Rectangularity A/ (OL/OB)

Black Sea. There are many studies on the anchovy (Caneco
etal. 2004; Erdogan et al. 2009; Gonzalez-Salas & Lenfant
2007; Tudela 1999; Turan et al. 2004; Zorica et al. 2010).
A few of these papers are on the morphometry of the
anchovy species and its otolith properties. In recent years,
stock discrimination has been achieved using otolith
features. For this purpose, E. encrasicolus, caught from
the Marmara and Black Seas, were studied and evaluated
for the relationship between otolith features.

Engraulis encrasicolus (N = 263) sampled from two
different stations were used for analysis. The total length
of the Marmara and Black Sea samples ranged at 9.7-14.7
and 9.3-13.0 cm, respectively. Descriptive statistics of the
Marmara and Black Sea samples are shown in Tables 2
and 3. According to the results, there were no differences
between right and left otoliths of E. encrasicolus (p>0.05).
Therefore, for future studies either the right or left sagittal
otolith can be used. Furthermore, no differences between
males and females were detected (p>0.05). As a result, we
used left otoliths for the subsequent analyses. In addition,
the relationships between OW, OL, OB and fish size and

otolith relationship between their measured values were
determined separately (Figures 2-7). While otolith length
and weight were significantly different from each other
(p<0.001) in the anchovy populations of the Black and
Marmara Seas, there was no significant difference between
otolith breadths. Evaluation was carried out jointly for the
Marmara and Black Sea populations.

According to the regression coefficients between the
relationship of fish length and otolith measurements, otolith
length was found to be the best indicator for estimating the
length of fish (#>>0.70). These results are similar to other
studies in which some species belonging to Engraulidae
were examined (Harvey et al. 2000; Zorica et al. 2010).
Hirkonen (1986) noticed that there was a strong correlation
and linear relationship between fish length and otolith
length. The linear regression model was preferred for the
examination of the relationship between fish length and
otolith characteristics in most of the studies (Basusta et al.
2013; Battaglia et al. 2010; Harvey et al. 2000; Waessle
et al. 2003; Zorica et al. 2010), as such also in this study.
According to this study, the otolith length was found as

TABLE 2. Descriptive statistics of Black Sea samples

Loc. Sex Parameter Mean SD Min. Max. SE
Total Length 11.49 0.834 93 130 0.0970
Female Otolith Length 2.6715 0.1881 2.1620 3.1230 0.0155
Otolith Breath 1.3050 0.0905 1.0930 1.640 0.00744
Blacksea Otolith Weight 0.00158 0.00023 0.0009 0.0020 0.000019
Total Length 10.921 0.766 9.6 129 0.101
Male Otolith Length 2.6227 0.1892 1.766 2.9190 0.0176
Otolith Breath 1.2981 0.1042 1.1120 1.660 0.00967
Otolith Weight 0.00155 0.00035 0.0006 0.0027 0.000033

Loc: Locality, SD: Standard Deviation, Min: Minimum, Max: Maximum, SE: Standard Error

TABLE 3. Descriptive statistics of Marmara samples

Loc. Sex Parameter Mean SD Min. Max. SE
Total length 12.158 1.098 9.7 14.7 0.135
Female Otolith Length 2.8152 0.2511 2.1280 3.4080 0.0219
Otolith Breath 1.3213 0.0981 1.0320 1.5760 0.00854
Marmara Otolith Weight 0.00176 0.00039 0.0007 0.00030 0.000035
Total length 11.853 0.988 9.8 14.0 0.133
Male Otolith Length 2.7889 0.2196 2.3360 3.3120 0.0209
Otolith Breath 1.3132 0.0859 1.1280 1.520 0.00819
Otolith Weight 0.00171 0.00036 0.0011 0.0029 0.000035

Loc: Locality, SD: Standard Deviation, Min: Minimum, Max: Maximum, SE: Standard Error
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FIGURE 2. Relationship between the otolith
length and otolith weight
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FIGURE 4. Relationship between the otolith
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an ideal measurement for detecting fish length. When the
regression coefficients of relationships of OL-OB, OL-OW
and OB-OW were analyzed, the relationship of OW-OL was
found to be the strongest (r>>0.57). Many studies examined
the relationship between the size and otolith features of
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FIGURE 5. Relationship between the otolith
length and total length
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FIGURE 6. Relationship between the otolith
breadth and total length

0.003 - y=0.0002x - 0.0006

r’=0.4088 _ o
0.0025 - @,
=
B0 0.002 - A
E
= 0.0015 -
g 0.001 - o®
0.0005 -
O T T T 1
8 10 12 14 16

Total length

FIGURE 7. Relationship between the otolith
weight and total length

fish (Aydin et al. 2004; Basusta et al. 2013; Bostanc1 2009;
Harvey et al. 2000; Hossucu et al. 1999; Waessle et al.

The minimum and maximum perimeters and areas,
and shape index values of otoliths were calculated for
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TABLE 4. Shape index values, perimeter and area of otoliths according to localities

Black Sea Marmara Sea
Form factor 0.660+0.042 Form factor 0.632+0.045
Roundness 0.259+0.029 Roundness 0.278+0.035
Circularity 19.137+0.142 Circularity 20.006+0,155
Rectangularity 0.417+0.004 Rectangularity 0.449+0.057
Area 2.363+0.026 Area 2.543+0.327
Perimeter 6.701+0.041 Perimeter 7.111+0.559
TABLE 5. Comparative of shape indices according to localities

Indices P F

Form factor 0.000* 31.805

Roundness 0.000%* 26.620

Circularity 0.000%* 38.424

Rectangularity 0422 0.647

ANOVA, p<0.001

localities (Table 4). Samples of the Back and Marmara
Seas were compared in terms of shape index values. The
form factor, roundness and circularity values were found
to be statistically significant, while the rectangularity
did not show statistically significant difference between
the localities (ANOVA, Table 5). While the otolith length
increased, form factor, circularity and roundness values
decreased generally. Study on shape index values for E.
encrasicolus is quite limited (Zorica et al. 2010). Therefore,
comparisons could not be made on E. encrasicolus. Many
studies investigated the shape index values (Bani et al.
2013; Burke et al. 2008; Sadighzadeh et al. 2014; Torres
et al. 2000; Tuset et al. 2003b; Zorica et al. 2010). The
otolith shapes have been evaluated based on morphometric
measurements (Short et al. 2006) and the mathematical
computation of shape indices (Russ 1990; Tuset et al.
2006).

CONCLUSION

This is the first study on otolith shape and dimensions of
E. encrasicolus inhabiting Black and Marmara Seas. The
otolith length was found to be the most ideal measurement
for determining the fish length. Three shape index values
(form factor, roundness and circularity) were found to be
statistically significant between the localities. The results
obtained from this study can be utilized for the separation
of stocks in anchovy populations using otolith dimensions.
We suggest studies on genetic traits and environmental
factors to be considered for otoliths of E. encrasicolus
in future.
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