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This study examined the relationship between the sagittal otolith morphometric variables (length, 
height and weight) and body growth of the European eel. Eels that were studied ranged in total 
length from 11.2 to 79.5 cm.  The relationships between the sagittal otolith variables and fish somatic 
growth were described with a non-linear function. The resulting coefficients of determination (r2) 
ranged from 0.782 to 0.914. The variable most strongly related to fish size was found to be the 
sagittal otolith length (OL) with 91.4 % of the variability. The results of this study provide the first 
comprehensive data regarding the relationship between the sagittal otolith morphometric variables 
with body length of Anguilla anguilla. 
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INTRODUCTION

The European eel Anguilla anguilla (LINNA-
EUS, 1758) is a catadromous fish species with 
a complex life history. She begins life in the 
Sargasso See of the western North Atlantic, but 
the continental distribution (as resident yellow 
eels) encompasses the coastal and inland waters 
of Europe and North Africa (DEKKER, 2003; 
TESCH, 2003). It is also found in Turkish rivers 
and streams draining into Mediterranean Sea, 

Aegean Sea and part of the Black Sea (KÜÇÜK 
et al., 2005; YALÇIN-ÖZDILEK et al, 2006; YALÇIN-
ÖZDILEK & SOLAK, 2007). Towards the end of the 
lifecycle, yellow eels metamorphose into migra-
tory silver eels, which return to the Sargasso Sea 
to reproduce and die (TESCH, 2003). European 
eel panmixia theory is generally accepted, even 
though it has been debated for long time (WIRTH 
& BERNATCHES, 2001; BIANCHINI et al., 2009). 
The species was added to the IUCN Red List 
of Threatened Species as critically endangered 
(FREYHOF & KOTTELAT, 2010), and its stock is 
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characterized as outside safe biological limits 
(ICES, 1999). 

Otoliths are structures located in the inner 
ear cavity of all teleost fish.  By using the 
relationship between fish length and otolith 
dimensions it is possible to not only identify 
fish species and fish stock, but also to estimate 
characteristics such as fish size, age, prey size 
(from stomach samples and analysis of digestive 
tract content) and feeding habits (DEHGHANI et 
al., 2015). PANFILI et al. (1990) and CAPOCCIONI et 
al. (2011) reported two different types of sagittae 
of eel, depending on the width of the growth 
rings, which they called “brackish water type” 
and “freshwater type“otolith, respectively.

In spite of the high commercial importance 
of the species, its biology and ecology have been 
poorly investigated in Montenegro.  Recent stu-
dies of these species have been related to length-
weight relationship and condition factor (MILO-
ŠEVIĆ & MRDAK, 2016; PIRIA et al., 2016).  Till now 
there were no attempts toward eel assessment 
in any term (immigration, migration, fishery 
etc.) and no management units established yet. 
Also, no yellow eel abundance surveys or silver 
eel escapements surveys have ever been made 
in Montenegro. Researches on the relationship 
between otolith morphometry of European eel 
(silver phase) are practically absent, and besides 
the lack of necessary reference lists, no estima-
tes were available in the international scientific 
literature; including a lack of records in the 
electronic data bank, FishBase (FROESE & PAULY, 
2016).

Therefore, the aim of the present study was 
to describe for the first time the relationship 
between otolith growth and somatic growth of 
European eel from the Adriatic catchment of 
Montenegro. 

MATERIAL AND METHODS

Fish were collected from three different habi-
tats in Montenegro (Lake Skadar, River Bojana 
and River Sutorina) on a monthly basis between 
November 2014 and June 2015. The specimens 
were caught using electric gear (Ultrasonic 
Inverter DC-12V LJ-4025NP). Fish were mea-

sured to the nearest 0.1 cm in relation to total 
length (TL). A total of 60 specimens were captu-
red during the sampling period. The right sagittal 
otolith from each fish was removed, cleaned and 
stored dry in properly labeled envelopes. The 
otolith weight (OW) was recorded to the nea-
rest 0,1 mg. Otolith length (OL), defined as the 
greatest distance between anterior and posterior 
edge, and otolith height (OH), defined as the 
greatest distance from dorsal to ventral edge, 
were measured to the nearest 0.001 mm using 
a Carl Zeiss Axio Scope A1. The relationships 
between otolith measurements (length, height 
and weight) and fish size were determined by 
a power equation Y = aXb, where Y is otolith 
dimension, X is fish length, a is the intercept, 
and b is the slope. The parameters a and b were 
estimated through a linear regression analysis 
based on logarithms, log Y = log a + b log X. 
The t-test was used to compare the slopes with a 
value corresponding to isometry (ZAR, 1999). The 
strength of each relationship was evaluated from 
the determination coefficient (r2). The statistical 
procedure was completed using SPSS Statistics 
20 and STATISTICA 7.0.

RESULTS

The descriptive statistics of fish and otolith 
variables are given in Table 1. All regresions 
were highly significant (P<0.001). The analysis 
of otolith morphometric parameters versus total 
fish lenght indicated the regression models 
explained more than 80% of variance of OL and 
OH (Table 2, Fig. 1).  The coefficients of deter-
mination (r2) ranged from 0.782-0.914 (Fig. 1). 
The variable most strongly related to fish size 
was the otolith length (OL) with 91.4 % of the 

Table 1.  The descriptive statistics of fish total length (TL, 
cm), otolith length (OL, mm), otolith  height (OH, mm) 
and otolith weight (OW, mg) of European eel from the 
Adriatic catchment of Montenegro

Measure N Mean ± SD Min – Max
TL 60 42.9 ± 14.0 11.2 – 79.5
OL 60 2.67 ± 0.73 1.18 - 4.84
OH 60 1.79 ± 0.38 0.88 – 2.58
OW 60 4.7 ± 3.0 0.1 – 16.2
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Fig. 1. Relationships of otolith length (OL), height (OH) 
and weight (OW) versus total length (TL) of European 
eel from Adriatic catchment of Montenegro

Table 2. Regression parameters of the relationship between otolith dimensions and the total body lenght of European eel 
in Montenegro: TL-total body length, OL-otolith length, OH-otolith height, OW-otolith weight, n-number of samples, 
a and b-regression coefficients, standard error SE, r2-correlation coefficient, p-level of significance

Relationship n a SE (a) b SE (b) r² p

OL / TL 60 0.132 0.047 0.791 0.056 0.914 < 0.001

OH / TL 60 0.170 0.048 0.621 0.047 0.880 < 0.001

OW / TL 60 0.001 0.001 2.130 0.164 0.782 < 0.001

variability. The relationships of otolith length, 
height and weight against total fish length were 
all shown to have positive allometry (t-test: 
OL – TL, t = 10.412, P < 0.001; OH – TL, t = 
10.446, P < 0.001; OW – TL, t = 10.333, P < 
0.001) indicating that the accretion of otoliths is 
relatively faster than fish size.

DISCUSSION

Recent research of relationship between Ful-
ton condition factor and total length on 60 
specimens, used for otolith morphometry in this 
study, indicates that European eels increase with 
length, proving that Lake Skadar, River Boja-
na and River Sutorina represent good habitats 
for eels (PIRIA et al., 2016). This statement was 
confirmed by isometric growth (b=2.956) of 
the same specimens obtained in the analysis of 
their length-weight relationship (MILOŠEVIĆ & 
MRDAK, 2016).

In this study, relationships between otolith 
length, height and weight and fish length were 
analyzed using a non-linear function (power 
model). The result of this study indicated that 
otolith dimensions increase as fish grows in 
length and therefore, otolith growth can be 
correlated with fish growth. Otoliths grow by 
deposition of incremental layers on the surface 
(MORALES-NIN, 2000). However, otolith length 
was shown to be more closely related to fish len-
gth growth compared to otolith weight, which 
was found to have a smaller correlation to fish 
length than either otolith length or weight. In our 
study, somatic growth and otolith growth were 
shown to have an approximate overlap of 78 to 
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91%, demonstrating that otolith morphometrics 
might be good indicators of fish size. CAMPANA 
(2004) reported that otolith size and shape often 
changed with the growth of the fish.  HOLMGREN 
& WICKSTRÖM (2012) found positive correlations 
between otolith and somatic growth in cultured 
elvers at 20°C (r=0.900) and 26°C (r=0.817). 
Such correlation levels have earlier been taken as 
acceptable criteria for back calculations of pre-
vious eel size (ROSI & VILANI 1980, VOLLESTAD 
& JONSSON, 1986, NAGIĆĚ & BAHNSAWY, 1990). 
CAPOCCIONI et al. (2011) reported the occurrence 
of changes in the morphology of the European 
eel otolith as a function of growth and the diffe-
rent habitat ecology (a river and two brackish 
water lagoons). According to these results, the 
shape outline of otolith changes during the onto-
genesis, along with the increase in animal size. 
This modification occurs in a different manner 
according to the different environments. In the 
current study, results of the relationship between 
otolith length and fish length showed the highest 
positive correlation of the three otolith variables 
measured (r2 = 0.914). Otolith growth is not 
correlated with somatic growth during anguillid 
glass eel and elver stage (FUKUDA et al., 2009) but 
is significantly correlated with the development 
of pigmentation (POOLE et al., 2004). Hence, oto-
lith shape could further enhance understanding 
of the post-larval phase of anguillid eels (CAPO-
CCIONI et al., 2011). YILMAZ et al., (2014), in their 
research on the correlation of otolith growth and 
somatic growth of Perca fluviatilis presented the 
results which showed that the somatic size of 
the species can be reliably obtained from otolith 
variables, such as length, height and weight, but 
should use different equations for females and 
males. Variables that showed the highest corre-

lation with the size of perch were otolith weight 
(OW) in females (r2 = 0.874) and otolith length 
(OL) in males (r2 = 0.829).

The positive allometric relationships of oto-
lith dimensions (OL, OH and OW) against 
fish length implied that the accretion of otolith 
dimensions is relatively faster than fish size. 
In contrast, the proportion between the OL 
and OH in relation to the length of European 
perch, Perca fluviatilis Linnaeus, 1758 from 
Lake Ladik, Turkey, was allometrically negati-
ve, indicating that the otolith growth in length 
and height is relatively slower than the length of 
the fish (YILMAZ et al., 2014). TL-OW proportions 
show positive allometry, which is similar to the 
results presented in this paper.

Further analysis is required and it is sugge-
sted that future studies should observe possible 
differences between the sexes of European eel. 
The regressions based on this study can be use-
ful for determining fish size which is important 
factor for fish stock monitoring and manage-
ment. However, for a better understanding of 
otolith growth, it is suggested that future studies 
should concentrate on the relationship between 
otolith weight and age, and other otolith factors 
such as thickness, perimeter and shape.  
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Odnosi dimenzija otolita s dužinom tijela kod europske jegulje
 Anguilla anguilla (Linnaeus, 1758) iz jadranskog sliva Crne Gore
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SAŽETAK 

U ovom radu se opisuje odnos između morfometrijskih varijabli sagitalnog otolita 
(duljina, visina i težina) i rasta tijela europske jegulje.  Proučavane jegulje imale su raspon 
ukupne dužine od 11,2 do 79,5 cm. Odnos između sagitalnih otolitskih varijabli i somatskog 
rasta ribe opisani su nelinearnom funkcijom. Dobiveni koeficijenti određivanja (r2) kretali 
su se od 0,782 do 0,914. Varijabla koja je najsnažnije povezana s veličinom riba utvrđena je 
na temelju sagitalne duljine otolita (OL) s 91,4% varijabilnosti. Rezultati ove studije pružaju 
prve sveobuhvatne podatke o odnosu između morfometrijskih varijabli sagitalnog otolita sa 
dužinom tijela Anguilla anguilla.

Ključne riječi: Anguilla anguilla, Jadransko more, rijeka Bojana, morfometrija otolita, 
            somatski rast


