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Abstract: The Coruh trout (Salmo coruhensis Turan, Kottelat & Engin, 2010) is an anadromous species
inhabit south and southeastern Black Sea basin. This study describes the allometric relationships between
sagittal otolith (sagitta) measurements and total length (TL) of the Coruh trout collected from the Cam stream
(Artvin, Turkey), and the length-weight relationship. A total of 82 individuals were caught with an
electroshock device between May 2017 and April 2018. The length (Lo), height (Ho), weight (Wo), perimeter
(Po), and area (Ao) of the otolith were recorded for each specimen. Shape indices such as form factor, aspect
ratio, circularity, roundness, rectangularity, ellipticity, surface density were calculated using these otolith
measurements. Relationships between otolith variables and the somatic growth of fish were defined by the
curvilinear function (power model). An analysis of covariance revealed that these relationships did not differ
between the left and right sides, and between females and males. All regressions were highly significant (P <
0.001) and mean percent prediction error values were less than 7 %. The relationships of Lo, Ho, Wo, and Po
against TL were negative allometric, while the TL-Ao relationship was positive allometric. In the analysis of
relationships between the otolith shape indices and TL, the values of form factor, roundness, and
rectangularity indices decreased with fish somatic growth. In contrast, the circularity and surface density
indices increased with fish body length. The length-weight relationship was obtained as W = 0.0155*TL 287
for overall samples. The difference between the slopes of LWRs of females and males was found insignificant.
This study provides the first comprehensive data on the sagittal otolith morphometry of S. coruhensis.
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Coruh Alabalhgi (Salmo coruhensis Turan, Kottelat & Engin, 2010)’nda
Sagittal Otolitlerin Morfometrik Analizi
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Ondokuz Mayis Universitesi, Fen-Edebiyat
Fakiiltesi, Biyoloji Boliimii, Samsun, Turkiye
DX savas.yilmaz@omu.edu.tr

Oz Coruh Alabalig1 (Salmo coruhensis Turan, Kottelat & Engin, 2010), Giiney ve Giineydogu Karadeniz
havzasinda yayilis gosteren anadrom bir tiirdiir. Bu ¢alisma, Cam Deresi (Artvin, Tiirkiye)’nden toplanan S.
coruhensis’in total boyu ile sagittal otolit (sagitta) 6l¢iimleri arasindaki allometrik iliskileri ve boy-agirlik
iligkisini tanimlar. Mayis 2017 ve Nisan 2018 tarihleri arasinda elektrosok cihazi ile toplam 82 birey
yakalandi. Her bir 6rnek i¢in otolitin boyu (Lo), yiiksekligi (Ho), agirligi (Wo), gevresi (Po) ve alani (Ao)
kaydedildi. Otolit o6lg¢iimleri kullanilarak sekil faktorii, boy-ylikseklik orami, dairesellik, yuvarlaklik,
dikdortgensellik, ovallik, yiizey yogunlugu gibi sekil indeksleri hesaplandi. Otolit degiskenleri ile balik
somatik biiylimesi arasindaki iliskiler egrisel fonksiyonla (power model) tanimlandi. Kovaryans analizi, bu
iligkilerin sol-sag bolge ve disi-erkek bireyler arasinda farklilik gostermedigini ortaya ¢ikardi. Tiim iliskiler
oldukga 6nemliydi (P < 0,001) ve ortalama yiizde tahmin hatast degerleri %7’den azdi. TL-Lo, TL-Ho, TL-
W, ve TL-Po iligkileri negatif allometrik iken TL-Aq iliskisi pozitif allometrik ¢ikti. Otolit sekil indeksleri
ile balik boyu arasindaki iliskiler analiz edildiginde; sekil faktorii, yuvarlaklik ve dikdortgensellik indeksi
degerleri balik somatik biiytimesi ile azaldi. Buna karsilik dairesellik ve yiizey yogunlugu indeksi degerleri
balik viicut uzunlugu ile artti. Tiim bireyler i¢in boy-agirlik iligkisi W = 0,0155*TL?#7 olarak elde edildi. Disi
ve erkeklerin boy-agirlik iliskilerinin b parametresi arasindaki fark 6nemsiz bulundu. Bu calisma, S.
coruhensis’in sagittal otolit morfometrisi hakkinda ilk kapsamli verileri saglar.

Anahtar kelimeler: Boy-agirlik iliskisi, otolit morfometrisi, Salmo coruhensis, sekil indeksi.

[ This study was produced from the master thesis.
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INTRODUCTION

The family Salmonidae, known as salmonids, is
native to the Northern Hemisphere (Nelson, 2006). Most of
the species belonging to the family have high economic
value and are very important for the aquaculture sector
(Geldiay & Balik, 2007). In worldwide, there is 12 valid
genus of this family. Among these genera, Salmo is
represented by 55 species (Fricke et al., 2021). The genus
Salmo contains 16 species in Turkey, 12 of which are
endemic to the country (Cigek et al., 2020; Turan et al.,
2020). S. caspius, S. coruhensis and S. pelagonicus are
native but not endemic to Turkey (Kaya et al., 2020;
Kuljanishvili et al., 2020; Turan & Baygelebi, 2020), and
S. trutta is an established non-native species occurs only
Lake Van and upper Tigris drainages in eastern Anatolia
(Kaya, 2020).

The Coruh trout Salmo coruhensis, Turan,
Kottelat & Engin, 2010 is a native freshwater salmonid fish
of Turkey. It is known from the area between the
Yesilirmak drainage in the west and the Coruh drainage in
the east. It is also recorded in Georgia, however, the
locality did not specified (Kuljanishvili et al., 2020). This
species lives in the lower and middle part of streams and
rivers flowing to the south and southeastern Black Sea
coasts in Turkey (Turan et al., 2010). S. coruhensis is under
threat due to reasons such as habitat degradation and illegal
fishing (Okumus et al., 2006; Verep et al., 2016). It is
classified in the "near threatened" category in the Red List
of Endangered Species published by the International
Union for Conservation of Nature (IUCN) (Freyhof, 2019).
Protecting a native species like the Coruh trout necessitates
an understanding of its biological and ecological
characteristics (Verep et al., 2016). Studies on the biology
and ecology of this new species are scarce, and only one
paper about its length-weight relationship has been
published (Mazlum & Turan, 2018).

The determination of identity, size, and mass of
fish prey from the otoliths found in stomach contents or
feces of piscivorous animals may provide significant
contributions to available information about foods and
feeding habits of these predators (Morley & Belchier,
2002; Pierce & Boyle, 1991). Many studies have
documented  the relationships  between  otolith
morphometry and fish size (e.g. Altin & Ayyildiz, 2018;
Battaglia et al., 2015; Harvey et al., 2000; Iranmanesh et
al., 2020; Oliveira et al., 2019). However, a study on the
relationships of otolith morphometric parameters with
body size is unavailable for the Coruh trout. This study
aims to obtain information on the relationships between the
sagittal otolith measurements and somatic growth of the
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Coruh trout, and the length-weight relationship, testing the
hypothesis that such relationships may give useful
predictive equations for estimating fish length and weight.

MATERIAL AND METHOD

Coruh trouts were collected from the Cam stream
between May 2017 and April 2018. The Cam stream is
located in the borders of the Kemalpasa district of Artvin
Province in the eastern Black Sea region of Turkey. It is
formed by the confluence of streams coming from the
slopes of Isirli and incinar hills, situated on the Marnin area
of Camurlu village. In the lower parts, the Cam stream
combines with the streams flowing from Kaya and
Kopriice villages. It is poured into the Black Sea from the
center of the Kemalpasa district. Its total length from
upstream to downstream is approximately 10.3 km
(Anonymous, 2017). The specimens were caught by
electrofishing (SAMUS 725MP electro-shocker). A total
of 82 individuals (50 females and 32 males) were captured
during the sampling period. All samples were kept in a
freezer at -18 °C for further analysis. All frozen fish were
thawed at room temperature, washed in tap water, and
dried with a towel paper. Total length (TL + 0.1 cm),
weight (W = 0.01 g), and sex of each specimen were
recorded. The sagittal otoliths (sagittae) were removed,
cleaned with distilled water, and stored dry in Eppendorf
tubes. Otolith weight (Wo) was weighed to the nearest 0.01
mg. The left and right otoliths were photographed on the
distal surface under a Leica S8APO binocular microscope
connected with a Leica DFC295 digital camera and
computer. The following otolith variables were measured
using Leica Application Suit ver. 3.8 Image Analysis
software: otolith length (Lo, mm), otolith height (Ho, mm),
otolith perimeter (Po, mm), and otolith area (Ao, mm?)
(Figure 1). No measurements were taken from otoliths with
broken or structural defects.

The relationships of otolith variables with a body
length of the Coruh trout were determined by fitting a
power equation Y = aX?, where Y is otolith measurement,
X is fish total length, a is the constant and b is the slope
(Lleonart et al., 2000). The parameters a and b were
estimated by linear regression of the logarithmic
transformation of the equation in question. These
relationships were generated separately for both left and
right otoliths of each sex, and the slopes of regressions
were compared with the analysis of covariance
(ANCOVA), otolith direction as the main factor, and TL as
the covariate (Zar, 1999). When equation slopes did not
differ statistically, a single regression was reported for each
variable by choosing the left otolith measurements.
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Figure 1. Distal view and morphometric measurements of the left
and right otolith of the Coruh trout from the Cam stream, Artvin,
Turkey (D, dorsal; V, ventral; A, anterior; P, posterior).

Similarly, the statistical differences in regression
slopes between sexes were tested by the analysis of
covariance, sex as the main factor, and TL as the covariate
(Zar, 1999). When equation slopes did not differ
statistically, a single regression was reported for each
measurement by pooling the data of both sexes. The
significance of the regressions was verified using F-test.
The deviation of regression slopes from a value
corresponding to isometry was checked by the t-test (Zar,
1999). The strength of each morphometric relationship was
evaluated from the coefficient of determination (r?) and the
mean percent prediction error. The mean percent prediction
error for a relationship is the average of the percent
prediction error (%PE) values calculated for all specimens.
The percent prediction error (%PE) for a specimen is
obtained by using the following formula (Smith, 1980):

|X0bserved - XPredicted |

% PE = X 100

XPredicted

The difference between the observed and
predicted fish body length was checked for each otolith
variable by using a t-test, and the Kruskal-Wallis test was
used to compare the differences between %PE values of
five otolith measurements (Zar, 1999).

In order to describe the otolith shape of the Coruh
trout, the following shape indices were calculated using the
left otolith measurements: form factor = (4nAg) / Po?;
aspect ratio = Lo / Ho; circularity = Po? / Ao; roundness =
4Aq / (mLo)?; rectangularity = Ao / (LoxHo); ellipticity =
(Lo-Ho) / (LotHo); surface density = Wo / Ao. The
biological meanings of these indices were explained in
previous publications (Bani et al., 2013; He et al., 2020).
The average values of shape indices calculated for female
and male individuals were compared with the t-test or
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Mann-Whitney U test (Zar, 1999). The correlations
between the shape indices and fish body size were also
examined.

The length-weight relationship (LWR) of Coruh
trout from Cam stream was computed using the equation
W = aLP, where W is the total weight of the fish (g), L is
the total length of the fish (cm), a and b are the parameters
of the equation (Bagenal & Tesch, 1978). The parameters
a and b were estimated by linear regression of logarithmic
transformed length-weight data. The slopes (b) of LWRs
of females and males were compared for the significant
difference by the analysis of covariance (ANCOVA), sex
as the main factor, and fish size as the covariate. The t-test
was applied to confirm whether the slopes were
significantly different from 3, indicating the growth type:
isometric (b = 3), negative allometric (b < 3), or positive
allometric (b > 3) (Zar, 1999).

RESULTS

The ANCOVA test showed no significant
differences between the coefficients of the regressions
generated for the left and right otoliths in each sex (TL vs
Lo, F=0.001, P =0.977; TL vs Ho, F = 0.210, P = 0.648;
TL vs Wo, F=0.096, P =0.757; TL vs Po, F=0.138, P =
0.712; TL vs Ao, F =0.001, P = 0.974 for females and TL
vs Lo, F = 0.045, P = 0.832; TL vs Ho, F = 0.405, P =
0.527; TL vs Wo, F = 0.134, P = 0.716; TL vs Po, F =
0.382, P=0.539; TL vs Ao, F =0.481, P = 0.491 for males).
Therefore, the left otoliths were chosen for subsequent
analysis. No statistical differences were found between
slopes of females and males for TL-Lo (F = 2.364, P =
0.129), TL-Ho (F = 0.971, P =0.328), TL-Wo (F = 0.294,
P =0.589), TL-Po (F =1.474, P =0.229) and TL-Ao (F =
0.001, P=0.977). Thus, data of both sexes were combined.
The descriptive statistics of fish and otolith measurements
are given in Table 1.

Table 1. Descriptive statistics of the Coruh trouts and their
sagittal otolith collected from the Cam stream, Artvin, Turkey.

Measurement n Mean + SD Min-Max
Fish length (cm) 82 15.58 £ 3.78 8.9-26.2
Fish weight (g) 82 47.68 +33.51 8.34-173.27
Otolith length (mm) 76 2.72£0.51 1.85-3.91
Otolith height (mm) 76 1.59+0.27 1.10-2.26
Otolith weight (mg) 76 219+ 1.03 0.81-4.97
Otolith perimeter (mm) 76 7.19+ 1.46 4.82-11.03
Otolith area (mm?) 76 2.91+0.97 1.43-5.31

n, sample size; SD, standard deviation; Min, minimum, Max, maximum

All relationships were highly significant (P <
0.001). In the analysis of morphometric measurements
versus fish body length, the regression models explained
more than 92% of the variance in all cases (Table 2). The
variable most strongly related to fish size was the otolith
area, with 94% of the variability. The relationships of Lo,
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Ho, Wo and Po against TL were negative allometric (t-test,
TL-Ao, t=-11.63, P=0.000; TL-Ho, t =-14.83, P = 0.000;
TL-Wp, t=-2.11, P = 0.038; TL-Po, t = -8.92, P = 0.000),
indicating that the growth of otolith length, height, weight
and perimeter is relatively slower than fish length. In
contrast, the TL-Ag relationship was positive allometric (t-
test, t = 8.48, P = 0.000), demonstrating that the growth of
otolith area is relatively faster than fish growth.

J. Anatolian Env. and Anim. Sciences, Year: 6, No: 2, (270-277), 2021

The mean percent prediction errors ranged from
524 to 6.12 (Table 2). For each of five otolith
measurements, no considerable difference was found
between observed and predicted TL values (t-test, Lo, t = -
0.063, P =0.950; Ho, t =-0.094, P = 0.925; Wo, t = -0.569,
P = 0.570; Po, t = -0.040, P = 0.968; Ao, t = -0.030, P =
0.976; d.f. = 150). The Kruskal-Wallis test showed that
there was no significant difference between the mean %PE
values of the otolith variables (H = 1.509, P = 0.825).

Table 2. Regression parameters of the relationships between otolith measurements and fish size, and the mean percent prediction error (%PE)
value computed for each variable of the Coruh trout captured from the Cam stream, Artvin, Turkey.

Regression Parameters Observed TL Predicted TL %PE
Relationship n a<SE bLSE > (Mean = SD) (Mean £ SD) (Mean + SD)
TLvs Lo 76 0.381 £0.025 0.721 £ 0.024 0.923 15.44 +3.88 15.48 £4.02 5.65+4.89
TLvsHo 76 0.252 +0.015 0.674 +0.022 0.925 15.44 +3.88 1549+ 3.96 5.82+4.29
TL vs Wo 76 0.012 £0.002 1.867 +£0.063 0.922 15.44 +3.88 15.80 +4.07 6.12£4.38
TL vs Po 76 0.861 +0.059 0.777 £0.025 0.927 15.44 +3.88 15.46 £4.01 552+4.39
TL vs Ao 76 0.077 £ 0.008 1.322 +£0.038 0.943 15.44 + 3.88 1546 +3.93 524+349

n, sample size; a, constant; b, slope; r?, coefficient of determination; SE, standart error; SD, standart deviation; PE, percent prediction error.

The mean values of seven shape indices are
presented in Table 3. For each shape index, there was no
significant difference between the mean values of females
and males (t-test, rectangularity, t = -0.588, P = 0.558;
surface density, t = 1.092, P = 0.279; Mann-Whitney U
test, form factor, U = 686, Z = -0.043; P = 0.966; aspect
ratio, U =562, Z = -1.360; P = 0.174; circularity, U = 686,
Z =-0.043; P = 0. 966; roundness, U = 653, Z = -0.393; P
= 0.694; ellipticity, U =562, Z=-1.360; P = 0.174). In the
analysis of relationships between the otolith shape indices
and fish TL, no correlation is registered for aspect ratio (r
= 0.183, P = 0.114) and ellipticity (r = 0.183, P = 0.114)
indices (Figure 2). The values of form factor (r = -0.726, P
= 0.000), roundness (r = -0.382, P = 0.001) and
rectangularity (r = -0.478, P = 0.000) indices decrease with
fish somatic growth, indicating the otolith becomes
geometrically more irregular and less rounded (Figure 3).
In contrast to this, the circularity (r = 0.726, P = 0.000) and
surface density (r = 0.837, P = 0.000) indices increase with
fish body length, demonstrating the otolith becomes more
circular and thicker (Figure 4).

Table 3. Mean values of shape indices calculated using the left
otolith measurements of the Coruh trout from the Cam stream,
Artvin, Turkey.

Shape indices n Mean + SD Min—Max
Form factor 76 0.69 £ 0.05 0.54-0.78
Aspect ratio 76 1.71 £0.10 1.47-2.00
Circularity 76 18.08 +1.58 15.96-22.92
Roundness 76 0.49+0.03 0.40-0.61

Rectangularity 76 0.65+0.02 0.57-0.71

Ellipticity 76 0.26 +0.02 0.19-0.33

Surface density 76 0.71£0.11 0.53-0.98

n, sample size; SD, standard deviation; Min, minimum, Max, maximum
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Figure 2. Relationships of aspect ratio and ellipticity indices with
fish size in Coruh trout from the Cam stream, Artvin, Turkey.
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Figure 3. Negative correlations between three shape indices and
body length of the Coruh trout from the Cam stream, Artvin,
Turkey.
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Figure 4. Positive correlations between two shape indices and
somatic growth of the Coruh trout from the Cam stream, Artvin,
Turkey.

The length-weight relationship of the Coruh trout from the
Cam stream was obtained as W = 0.0155*TL2#" for overall
samples (n = 82, SE (b) = 0.032, r? = 0.99). The difference
between the slopes of LWRs of females and males was
found insignificant (ANCOVA test, F = 0.028, P = 0.867).
The variation in estimated b value from 3 was statistically
significant (t-test, t = -4.06, P = 0.000). This result
indicated that the growth of the Coruh trout inhabiting the
Cam stream is negative allometric.

DISCUSSION AND CONCLUSION

As far as we know, this paper represents the first
reference on the sagittal otolith morphometry of the Coruh
trout. In the analysis of morphometric parameters versus
body length of S. coruhensis, no significant differences
between left and right otoliths and between otoliths of
females and males were detected. The same results were
also observed for Lutjanus bengalensis (Jawad et al.,
2011), Sardinella sindensis (Dehghani et al., 2016),
Clarias gariepinus (Yilmaz et al., 2019), and Silurus glanis
(Yazici et al., 2020).

A simple linear model was preferred in many
studies that revealed the relationships between otolith
variables and fish size (Bal et al., 2018; Daban et al., 2020;
Dortbudak & Ozcan, 2019; Nguyen & Dinh, 2020).
Lleonart et al. (2000) stated that the simple linear function
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used in the explanation of these relationships is inaccurate
for at least two reasons: it cannot distinguish shape
heterogeneity and the independent parameter "a" makes no
sense in morphometry, where Y must be 0 when X=0.
Moreover, Campana (2004) reported that the above-
mentioned relationships cannot always be explained by the
linear regression model. Therefore, in our study, the
allometric power equation was selected to describe the
relationships between otolith growth and fish growth.
Otolith  parameters-body length relationships were
previously defined using power models for various fish
species (Kanjuh et al., 2018; Kumar et al., 2017; Romero
et al.,, 2020; Saygin et al., 2020; Yilmaz et al., 2014;
Yilmaz et al., 2015; Yilmaz et al., 2019).

In this study, the high coefficients of
determination and low values of the mean percent
prediction error for the relationships between otolith
measurements and body length of the Coruh trout showed
that fish size can be reliably estimated from otoliths.
Similar results were detected in studies of Yilmaz et al.
(2014), Yilmaz et al. (2015) and Yilmaz et al. (2019).

In our study, we found that the otolith length-fish
length and otolith height-fish length relationships were
negative allometric. The same findings were obtained by
Yilmaz et al. (2014) for Perca fluviatilis from Lake Ladik,
Yilmaz et al. (2019) for Clarias gariepinus from the upper
basin of the Sakarya River, and Uyan et al. (2019) for
Nemipterus randalli from Gokova Bay. In contrast, these
relationships were determined as positive allometric for
Anguilla anguilla from Adriatic catchment of Montenegro
(Kanjuh et al., 2018) and four demersal species
(Genypterus brasiliensis, Acanthistius patachonicus,
Pseudopercis semifasciata and Merluccius hubbsi) from
the San Matias Gulf, Argentina (Romero et al., 2020).
Furthermore, we reported that the relationship between
otolith weight and fish length for S. coruhensis was
negative allometric. This phenomenon was also observed
for other fish species such as Acanthopagrus latus,
Daysciaena albida, Ellochelon vaigiensis, Mugil cephalus,
and Mystus gulio (Qamar et al., 2019). On the other hand,
a positive allometric growth pattern was reported by some
authors (Kanjuh et al., 2018; Uyan et al., 2019; Yilmaz et
al., 2014). In the current study, the otolith perimeter-fish
length relationship was negatively allometric, which agrees
with the results of Qamar et al. (2019) for three fish species.
But, positive allometric growth was estimated for the
relationship between the otolith area and fish length, which
in contrast with the findings of Qamar et al. (2019) for five
fish species.

In some previous studies (e.g. Bostanci et al.,
2015; Zischke et al., 2016; Zorica et al., 2010), shape
indices were correlated with otolith length. However,
Pavlov (2016) stated that the shape indices are
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comparatively independent of otolith length and they
should be related to fish size. In our work, a significant
correlation between each of the five shape indices and the
total length of S. coruhensis is registered. These
correlations indicate the existence of allometric otolith
growth. Similar relationships between the shape indices of
the otolith and fish body size are reported in some studies
(e.g. Bostanci et al., 2017; Mérigot et al., 2007; Deepa et
al., 2019; Pavlov, 2016).

S. coruhensis, which lives in the Cam stream, has
shown negative allometric development based on the
length-weight relationship. Mazlum & Turan (2018), on
the other hand, found evidence of positive allometric
growth (b = 3.084). According to Bagenal and Tesch
(1978), length-weight relationships in fish change
depending on the factors such as food availability, feeding
rate, gonad development, and spawning period, all of
which were not considered in this study.

In conclusion, it is recommended that the
regressions provided in the present study be used within the
fish size range limits declared, to prevent errors in the
back-calculation of length and weight. Detailed examining
the otolith morphology in populations inhabiting different
environments of S. coruhensis is important for a better
understanding of otolith development in this species. It is
hoped that the findings of this study would be useful to
researchers looking into the feeding habits of possible
Coruh trout predators.
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