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Abstract: This study aims to determine the otolith characteristics of European perch living in Yedikir Dam Lake and to reveal the
relations between total length and otolith dimensions. 195 fish samples were captured from Yedikir Dam Lake were measured for total, fork and
standard lengths and weighted. Sagittal otoliths were removed by making the left and right distinctions. Otoliths were photographed on the distal
side and weighted (OW). Otolith length (OL) and breadth (OB) were measured with Leica Application Suit Ver. 3.8 image analysis program.
Power (y=ax®) and linear (y=a+bx) models were applied to estimate the relationships between the otolith measurements (OB, OL, OW) and total
length (TL). There was no difference in OB, OL and, OW between the right and left otoliths of P. fluviatilis (P>0.05), but it was found that the
otoliths of the female and male were significantly different (P<0.05). The relationships between otolith measurements and TL were determined
to be quite significant (P<0.001). r? values of the relationships were changed between 0.957-0.969. The relationship between TL-OL in females,
males and all individuals were found to be stronger than the others. This data is important in fishery biology studies. In recent years, studies on
otolith morphology are quite common. The formation and growth of otolith are related to the growth of the fish. It is thought that this study will
provide data to be carried out concerning perch and especially to be used in stock separation studies.

Keywords: Otolith features, Perca fluviatilis, total length, Yedikir dam lake.

Yedikir Baraj Golii (Tiirkiye)’nden Orneklenen Tathsu Levregi (Perca fluviatilis
L.,1758)’nin Otolit Ozellikleri ve Otolit Boyutlari-Total Boy Arasindaki Iliskiler

Oz: Bu calismanin amaci Yedikir Baraj Golii’'nde yasayan tathsu levreginin otolit Szelliklerinin belirlenmesi, total boy ve otolit
ozellikleri arasindaki iliskilerin ortaya g¢ikarilmasidir. Yedikir Baraj Golii’'nden yakalanan 195 adet Ornegin total, ¢atal ve standart boylar
Ol¢lilmilg, agirliklar tartilmigtir. Sagittal otolitler sag ve sol ayrimlari yapilarak ¢ikarilmustir. Otolitler distal yiizeylerinden fotograflanmis ve
agirliklart (OA) tartilmistir. Daha sonra otolitlerin en (OE) ve boy (OB) &lgiimleri Leica Application Suit Ver. 3.8 marka goriintii analiz
programu ile 6l¢iilmistiir. Otolit dlgiimleri ile total boy arasindaki iligkilerin hesaplanmasi igin (TB-OE, TB-OB, TB-OA) dogrusal (y=a+bx) ve
iissel regresyon (y=ax?) modelleri uygulanmustir. P. fluvialitis tiiriiniin sag ve sol otolitleri arasinda OE, OL ve OA bakimindan fark olmadig1
(P>0,05) ancak disi ve erkek bireylerin otolitleri arasinda 6nemli derecede fark oldugu tespit edilmistir (P<0,05). Otolit dl¢iimleri ve TB
arasindaki iliskilerin oldukga 6nemli oldugu belirlenmistir (P<0,001). Iliskilerin r? degerleri 0,957-0,969 arasinda degismistir. Disi, erkek ve tiim
bireylerde TB-OB arasindaki iliski digerlerinden daha kuvvetli bulunmustur. Bu veriler balik¢ilik biyolojisi ¢aligmalarinda 6nem tagimaktadir.
Son yillarda otolit morfolojisi ile ilgili ¢aligmalar olduk¢a yaygindir. Otolitin olusumu ve biiyiimesi, baligin biiyiimesi ile iligkilidir. Bu
calismanin tiir ile ilgili olarak gergeklestirilecek ¢alismalara veri saglamasi ve 6zellikle stok ayrim ¢alismalarinda kullanilmasi diistiniilmektedir.

Anahtar sozciikler: Otolit 6zellikleri, Perca fluviatilis, total boy. Yedikir baraj golii.

U1 Bu ¢caligma Canan Simsek'in Yiiksek Lisans tezinden tiiretilmistir. M1This manuscript is derived from Canan Simsek's master thesis.
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INTRODUCTION

Otoliths have consisted calcium carbonate located at
the inner ear of bony fishes and also they are considered as a
true biological and environmental archive of fish life history.
Therefore, otoliths are used in different types of studies such
as age determination, species identification and
discrimination, larval fish ecology, migration of fishes etc
(Brazner et al., 2004; Campana, 2005; Popper et al., 2005;
Secor, 2010; Huang et al., 2017; Lin et al., 2017; Prichard et
al., 2018). This calcified structure shows phenotypic
plasticity as inter- and/or intra-specific and inter- and/or
intra-populations variations (Annabi et al., 2013; Mejri et al.,
2018). Accordingly, the otolith characteristics of the same
species living in different locations should also be known.

Morphological and morphometric characteristics of
otoliths comprise an important instrument for species
identification (Tuset et al., 2008). There are some studies
which focused on ecomorphology studies (Volpedo &
Echeverria 2003), fish species identification (Tuset et al.,
2008), the revision of fish taxa (Doénel & Yilmaz, 2016),
determination of the relationships between fish and otolith
growth (Dogan & Sen, 2017) and determination of
similarities between the fossil and modern fish species
(Woydack & Morales-Nin, 2001). Otolith morphology varies
between species, however separate stocks of the same
species, often identical physically can sometimes be
discriminated through subtle differences in otolith
morphometrics (Tuset et al., 2003; Zengin et al., 2015;
Ibafiez et al., 2017; Mapp et al., 2017). When the relationship
between otolith dimensions and total length in a species is
determined, the total length or standard length of a fish from
its otolith dimensions can be estimated, or vice versa (Sen et
al., 2001; Battaglia et al., 2010; Basusta et al., 2013; Yilmaz
et al., 2014; Saygin et al, 2017; Yazicioglu et al., 2017,
Zengin et al., 2017; Ozpicak et al., 2018; Souza et al., 2019).

In this study, the relationships between otolith
dimensions and total length of European perch, Perca
fluviatilis (L., 1758) sampled from Yedikir Dam Lake were
investigated. The European perch is the most common and
widely distributed member of the Percidae. It is widespread
throughout Europe and Asia, in addition to its native
distribution, it has been successfully introduced in other parts
of the world, mainly South Africa, Australia and New
Zealand (Thorpe, 1977). In Turkey, European perch is
reported from the lakes in Marmara Region, Black Sea Basin,
Ladik Lake, Bafra Balik Lake and streams from Samsun,
Terme and Bafra regions (Geldiay & Balik, 2007; Begburs,
2010). This study aimed to detect the relationships between
the total length and otolith dimensions of P. fluviatilis
sampled from Yedikir Dam Lake.

MATERIAL and METHODS
Sampling: P. fluviatilis samples obtained from the

Yedikir Dam Lake (40°47'10.80" N and 35°33'50.67" E)
(Figure 1). SAMUS 725 MP shocker was used to capture fish
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samples. Samples were collected between December 2015-
April 2017.

Yedikir Dam Lake

N
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Figure 1. The map of Yedikir Dam Lake

Biological study: The systematic positions of the
samples were determined using various identification keys
(Geldiay & Balik, 2007; Kottelat & Freyhof, 2007; Polat &
Ugurlu, 2011). All captured fish were measured to the nearest
0.1 cm for total length (TL), fork length (FL), standard length
(SL) and weighted to the nearest 0.01 g. The sex was
determined by macroscopic examination of the gonads.
Sagittal otoliths were removed by making left and right
distinctions. Otoliths were weighted using Precisa scales
(OW) (= 0.0001 g). All otoliths were photographed on the
distal side with a Leica DFC295 digital camera. Otolith
breadth (OB) and length (OL) (+ 0.001 mm) were determined
by Leica Application Suit Ver. 3.8 Imaging Software. 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 (Stevenson & Campana, 1992;
Battaglia et al., 2010) (Figure 2). The evaluations were
performed separately for female, male and all individuals.

Anterior Posterior

OB

Ventral

OL

2 mm

Figure 2. Otolith Length (OL) and Otolith Breadth (OB) of sagitta
(Left otolith).

Statistical analysis: Linear and nonlinear models
were applied to estimate the relationships between the otolith
measurements (OL, OB, OW) and TL.

y=ax® and y=a+bx
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where y is otolith measurement and x is fish length
(Zar, 1999).

However, in evaluating the relationships between
TL and otoliths dimensions, the power model is preferred
because of its higher r? values. All data were tested by
Kolmogorov-Smirnov if the data is normally distributed or
not. Statistical analyses tested by Paired t-test, Wilcoxon test,
Independent Two-Sample t test, Mann-Whitney U test. SPSS
20, Minitab 17.0 and the Excel software were utilized in the
evaluation of data.

Table 1. Descriptive statistics of P. fluviatilis
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RESULTS

In this study, a total of 195 European perch samples
(1099 and 86d3) were investigated in terms of otolith
dimension and total length relationships. The minimum-
maximum total lengths and weights of the individuals vary
between 4.5-24.0 cm and 0.98-210.22 g, respectively (Table
1). When sagittal otoliths of female and male were compared,
there were differences in terms of OL, OB and OW (P<0.05).
However, according to left and right otoliths comparisons,
there were no differences (P>0.05) (Table 2). In this study
right otoliths were used in the analysis. Descriptives of
otoliths were shown in Table 3.

Sex N Total Length (cm) Weight (g)
Mean +SE +SD MIN  MAX Mean +SE +SD MIN MAX
F 109 8.178 0.369 4.244 4.576 23.7 15.85 311 35.76 0.98 199.74
M 86 9925 0398 4.056 5845 24.0 2104 322 3283 217  210.22
F+M 195 8948 0.276 4243 4576  24.0 18.14 225 3452 098  210.22

(F: Female, M: Male, Min: Minimum, Max: Maximum, SE: Standard error, SD: Standard deviation).

Table 2. Statistical comparisons for right-left otolith pairs and sex.

Comparison type Variable Test P
oL Wilcoxon t Testi P>0.05
Right-Left OB Wilcoxon t Testi P>0.05
ow Wilcoxon t Testi P>0.05
oL Mann-Whitney U Testi P<0.05
Male-Female oB Mann-Whitney U Testi P<0.05
ow Mann-Whitney U Testi P<0.05

Table 3. Descriptives of otolith characteristics for P. fluviatilis.

Relationships between TL and OL, OB, OW were
determined using the power regression equation and the best fit was
obtained among TL-OL for the female, male and all population (r?
>0.974). The equations representing the relationship between total
length and otolith characteristics of European perch were separately
determined for the female, male and all population (Table 4)

Table 4. Relationships between TL and otolith characteristics of P.

Sex Mean +SE £SD MIN. MAX. N e
oL 2.416 0.096 0.998 1.420 5.882 fIl;VIatllIS. Eo 5 = 5
Female OB 1208 0048 0500  0.809 3.167 109 X Tg‘_‘gt\;\(l’”s S 5500 057 o0
ow 0.0039 0.0005 0.0049 0.0007 0.0293 : b . .
F TB-OB 0.248 0.793 0.970 <0.001
oL 3.0114 0.1074 0.9997 1.9150 5.9730 TB-OL 0.391 0.870 0.974 <0.001
Male OB 1.5636 0.5167 0.4791 1.0550 3.2320 86 TB-OW 6.139 1'899 0'974 <0A00]
ow 0.0060 0.0006 0.0056 0.0018 0.0306 M TB-OB 0'300 0'714 0-967 <0400]
Cermales Ml o 2oh DTN e Ll T TB-OL 0470 0.801 0.977 <0.001
emaletMale O 4153 00363 050 0.8090 32320 195 Toow 3e7c > 11E 0960 0001
OW 00048 00004 00054 00007 00306 E+M TB.OB 0263 0.768 0,969 20,001
TB-OL 0.409 0.855 0.974 <0.001
_ 7 3.6 OB = 0.2479TLO-"* 0035 OW = 3.10-5TL2203
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%, ES . = 0.02
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Figure 3. Relationships between otolith characteristics and total length for Yedikir dam lake (a: Female, b: Male, c: All population).
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DISCUSSION

Otolith morphometrics reflects phenotype and
development stage and is influenced by factors such as sex,
body condition, age, year-class, and stock as well as local
environmental conditions (Mérigot et al., 2007; Vignon &
Morat, 2010). In the past, otolith morphology has been useful
for taxonomic identification in many fish species (Bergenius
et al., 2006; Jawad et al., 2017). Recently, there are a lot of
study about otolith shape, relationships between length and
otolith morphometric in the literature (Legua et al., 2013;
Felix et al., 2013; Dortbudak & Ozcan, 2015; Bostanci et al.,
2015; Bose et al., 2017; Jawad et al., 2017; Zhao et al., 2017;
Duncan et al., 2018; Saygm et al., 2017; Zengin Ozpicak et
al., 2018).

In this study, a significant difference was found
between the sagittal otoliths of female and male of perch in
terms of the OL, OB and OW sampled from Yedikir Dam
Lake (P<0.05). Yilmaz et al. (2014) investigated the
relationships between otolith dimensions and body length of
European perch from Lake Ladik and correlatively, found
that there were differences in OL, OB, and OW between
female and male. Besides, studies performed with other fish
species show significant differences in otolith measurements
between male and female individuals, too (Munday et al.,
2004; Vallisneri et al., 2008; Bostanci et al., 2009; Kontas &
Bostanci, 2015,). However, Yilmaz et al. (2014) found that
left and right otolith pairs were not statistically different in
terms of OL, OB and OW (P>0.05). In this study, when right
and left otolith were compared, there were no significant
differences in terms of otolith length, otolith breadth and
weight, too (P>0.05). There are also different studies which
show no difference between right and left otoliths (Jawad et
al., 2011; Zengin et al., 2015; Saygin et al., 2017; Zengin et
al., 2017).

Relationships between otolith dimensions and fish
length are commonly used in fisheries science. Also, otolith
studies particularly have a very important place in species
identification from the discovery of fossiliferous layers in
archaeological sites and prey-predator relations (Tuset et al.,
2008). Fish size and/or weight can be functionally related to
an appropriate otolith measurement and the resulting
relationships can subsequently be used for size estimation
(Pierce et al., 1991; Tollit et al., 1997; Granadeiro & Silva,
2000). Fish size-otolith size relationships will be useful for
researchers examining food habits of piscivores and size of
fish in archaeological samples (Harvey et al., 2000). The
relationships between TL and otolith measurements of fish
species could provide info for the back-calculation of the fish
total length from otolith measurements (Zan et al., 2015). In
this study, otolith length was found to be the best indicator
for estimating the length of fish. OL and TL relationships
were strong from other relationships (r>>0.974). And also,
Yilmaz et al. (2014) were found a strong relationship
between total length and otolith length, too. r? values were
determined as 0.869 and 0.815 in male and female
individuals, respectively. It is a known fact that there is a
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relationship between the size of the fish and the bony
structures.

Generally, in different studies that examined the
relationship between fish length and otolith dimensions, OL
was detected as a strong parameter for estimating fish length
(Granadeiro & Silva, 2000; Bostanci, 2009; Cengiz et al.,
2012; Felix et al., 2013; Zengin et al., 2015; Yilmaz et al.,
2015; Pavlov, 2016; Kanjuh et al., 2018; Park et al., 2018).

The present study provides a baseline for European
perch and indicates that OL is a strong predictor for fish
length. This data will help investigators studying food habits
of top predators to determine the size of prey fish from the
length of recovered otoliths.
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