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Abstract

Otoliths are bony structures inside the fish labyrinth. 
They are used to determine the age of fish and to identify 
species based on their remains. The objective of this 
study was to describe the shape of otoliths in adult 
European perch (Perca fluviatilis), Atlantic herring (Clupea 
harengus), European sprat (Sprattus sprattus), lesser sand 
eel (Ammodytes tobianus), great sand eel (Hyperoplus 
lanceolatus), round goby (Neogobius melanostomus), 
European whitefish (Coregonus lavaretus), Atlantic cod 
(Gadus morhua), haddock (Melanogrammus aeglefinus), 
European eel (Anguilla anguilla), viviparous eelpout 
(Zoarces viviparus), turbot (Scophthalmus maximus), 
European flounder (Platichthys flesus), European plaice 
(Pleuronectes platessa) and European smelt (Osmerus 
eperlanus). Fish were caught in the Gulf of Gdańsk. 
The relationships between the size of otoliths and the 
length of fish were established for adult European perch, 
European flounder, Atlantic herring and round goby. 
Otoliths of taxonomically related species were similar. It 
was not possible to differentiate otoliths of Ammodytidae, 
Pleuronectidae, Scophthalamidae, Anguilidae by 
comparing the presented results with the literature data. 
Otoliths of Zoarcidae, Osmeridae, Clupeidae, Gadidae, 
Gobiidae, Percidae and Salmonidae were quite similar 
but distinguishable. In most of the investigated species, 
otoliths grow proportionally to the fish size. Their shape 
does not change during the fish life. The shape of otoliths 
in the round goby changes significantly. Otoliths of small 
fish are rounded and significantly lengthen during the 
growth of fish.
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Introduction

Otoliths are calcareous structures inside the 
labyrinth organ of the teleosts. They perform an 
acoustic and equilibrium function. Calcium carbonate 
is deposited in the sacculus, lagena and utriculus. 
Otoliths are good markers. In many cases, they allow 
the taxonomical identification of fish from skeletal 
remains. Their shape and size are related to fish 
taxonomy and life strategy. The differences between 
these calcareous structures can be used, inter alia, to 
study the taxonomy of extinct species and trophic 
preferences of predators. The largest otoliths (sagittae) 
may be helpful in estimating the total length of prey. 
Characteristic shapes and their variability may be 
helpful in fish taxonomy (Jobling & Breiby 1986; Tusset 
et al. 2006). The amount of otoliths in the stomach can 
be used to estimate the amount of ingested fish (Tollit 
et al. 1997).

Otoliths can be well preserved in fish fossils and 
allow taxonomic identification of extinct species. For 
example, the shape of otoliths found in Lepidocottus 
aries fossils indicates the affinity with the still existing 
Gobiidae family (Gierl et al. 2013).

The total length of fish (TL) can be estimated from 
the size of sagittae. Otoliths can also be used for 
assessing the seasonal variation in food preferences 
of predators, which in turn allows the construction 
of a food web model and the determination of the 
relative importance of individual fish taxa in the diet 
of different predators (Joyce et al. 2002; Phillips et al. 
2001; Olsson & North 1997).

The important fact to consider is that otoliths 
isolated from stomachs or feces of predators are 
often dissolved and their parameters differ from 
those of undigested otoliths. The estimated number 
of ingested fish based on the number of otoliths may 
be incorrect due to the possible total dissolution of 
otoliths in the stomachs of predators (Bowen 2000; 
Jobling & Breiby 1986; Tollit et al. 1997). 

The main objective of the presented research 
was to compare various shapes of sagittae recovered 
from adult fish of 17 species. Another objective was 
to define how the length and width of otoliths as well 
as the ratio of their length to width in adult European 
perch (TL from 12.5 to 21.0 cm), European flounder (TL 
from 8.8 to 26.0 cm), Atlantic herring (TL from 12.5 to 
29.0 cm) and round goby (TL from 7.1 to 20.0 cm) are 
correlated with the total length of fish. For many fish 
species there are no equations that can be used to 
estimate the total length of fish based on parameters 
of otoliths (AFORO). For this reason, the research 
presented in this paper has been carried out, focusing 
on certain fish species from the Baltic Sea.

Materials and methods

Fish were collected in the Gulf of Gdańsk in 2011 
and 2013 using gill nets. Otoliths were removed from 
the skulls of fish, cleaned from the remains of tissues 
and stored in paper envelopes. The species name and 
total length (TL) of each organism were provided on 
the envelopes.

Otoliths were immersed in ethanol and observed 
using a 0.75 zoom lens in the light reflected from the 
object. A stereoscopic microscope SMZ 18 Nikon was 
used for the observations. Photographs were taken by 
the Opta-Tech camera, supported by the OptaView-IS 
software. Digital pictures of otoliths were processed 
using GIMP 2.8.P and measured using Digimizer 4.6.1. 
The images were scaled using a known segment 
length in pixels.

The analysis of variation in the shapes of sagittae 
was conducted on adult fish representing the 
following species: European perch (Perca fluviatilis), 
Atlantic herring (Clupea harengus), European sprat 
(Sprattus sprattus), lesser sand eel (Ammodytes 
tobianus), great sand eel (Hyperoplus lanceolatus), 
round goby (Neogobius melanostomus), European 
whitefish (Coregonus lavaretus), Atlantic cod (Gadus 
morhua), haddock (Melanogrammus aeglefinus), 
European eel (Anguilla anguilla), viviparous eelpout 
(Zoarces viviparus), turbot (Scophthalmus maximus), 
European flounder (Platichthys flesus), European plaice 
(Pleuronectes platessa) and European smelt (Osmerus 
eperlanus). The correlation between the length of 
otoliths, their width, the length/width ratio, the total 
length of fish, and changes in the shape of otoliths 
during the growth of fish was analyzed for European 
perch (TL ranged from 12.5 to 21.0 cm), European 
flounder (TL ranged from 8.8 to 26.0 cm), Atlantic 
herring (TL ranged from 12.5 to 29.0 cm) and round 
goby (TL ranged from 7.1 to 20.0 cm). Measurements of 
otoliths were transferred to the Libre Office calculation 
sheet. The length/width ratio of sagittae was 
calculated by dividing the length of otoliths by their 
width. The calculations and diagrams were made in the 
Libre Office calculation spreadsheet. The fish TL was 
expressed in cm and the length and width of otoliths in 
mm. For practical reasons (possibility of calculating the 
fish size based on the size of otoliths), we assumed that 
the fish TL depends on otolith measurements.

Results

The shape of otoliths varies from species to species. 
In the round goby, it changes during the growth 
of fish from an almost round one (Fig. 1a) to a very 
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characteristic shape (Fig. 1b), clearly different from the 
shapes of otoliths in other species examined during 
this research. Sagittae of the European perch are 
elliptical in shape with a sidelong cut, wavy margins 
and a short rostrum (Fig. 1c). Otoliths of the European 
whitefish (Fig. 1d) have an elliptical shape with smooth 
edges and an elongated, sharpened rostrum. The 
lesser sand eel (Fig. 1e) and the great sand eel (Fig. 
1f) have elliptical sagittae with smooth margins. 
Otoliths of the European flounder (Fig. 1g) and the 
European plaice (Fig. 1h) bulge on one side and have 
wavy edges. Sagittae of the European smelt have a 
droplet shape with wavy edges (Fig. 1i). The shape 
of otoliths in viviparous eelpout is elliptical with an 
elongated, rounded rostrum (Fig. 1j). Otoliths of the 
turbot have an oval shape (Fig. 1k), which changes to 
a muffin shape (Fig. 1l) as the fish grows. Sagittae of 
the Atlantic herring (Fig. 1m) or the European sprat 
(Fig. 1n) have an elliptical shape with an elongated 
rounded rostrum. Otoliths of the Atlantic herring have 
wavy edges, while margins of otoliths in the European 
sprat are smooth. Oval-shaped otoliths were extracted 
from the European eel (Fig. 1o). Otoliths of the Atlantic 
cod have an elliptical shape and wavy edges (Fig. 1p), 
while otoliths of another Gadidae fish, i.e. haddock, are 
elongated with a sharpened postrostrum (Fig. 1q).

The TL of the investigated round goby individuals 
ranged from 7.1 to 20.0 cm. A round otolith was 
extracted from a specimen with a TL of 7.1 cm, whereas 
an otolith belonging to a specimen with a TL of 17.0 
cm was more elongated. The relationship between 
the length of otoliths and the fish TL is described by 
the following equation: y  =  3.769x  –  1.570 (1) (Fig. 2a; 
Table 1). The equation describing the relationship 
between the total length of the fish and the width of 
otoliths takes the form of y = 7.725x – 6.028 (2) (Fig. 2b; 
Table 1). The increase in the length of sagittae in the 
round goby is greater than the increase in the width of 
otoliths (Fig. 2c; Table 1). The shape of otoliths changed 
from elliptical to elongated along the rostrum/
postrostrum axis (Fig. 2d). 

The TL of individuals of the European perch ranged 
from 12.5 to 21.0 cm. The function describing the 
relation between the TL of the European perch and 

Table 1
Relations between otolith length, otolith width, otolith the length/width ratio and � sh total length

species n
total length (cm) otolith length (mm) otolith width (mm) otolith length/width ratio
min. max equation r equation r equation r

N. melanostomus 30 7.1 20.0 y = 3.769x − 1.570 0.988 y = 7.725x − 6.028 0.974 y = 25.545x − 26.655 0.837
P. � uviatilis 12 12.5 21.0 y = 4.273x − 4.862 0.976 y = 7.890x − 1.588 0.976 y = 24.491x + 70.207 0.657
P. � esus 21 8.8 26.0 y = 5.575x − 4.040 0.971 y = 9.629x − 6.041 0.976 y = 19.699x − 13.877 0.347
C. harengus 16 12.5 29.0 y = 7.005x − 6.099 0.967 y = 17.131x − 9.899 0.917 y = 19.758x − 21.645 0.585

Figure 1
Shapes of otoliths extracted from selected Baltic � sh 
species; vertical bars next to each otolith represent 
1 mm length
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Figure 2
Relationship between TL of N. melanostomus and a) otolith length; b) otolith width; c) otolith length/width ratio; d) 
examples of otoliths

Figure 3
Relationship between TL of P. � uviatilis and a) otolith length; b) otolith width; c) otolith length/width ratio; d) examples 
of otoliths
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Figure 4
Relationship between TL of P. � esus and a) otolith length; b) otolith width; c) otolith length/width ratio; d) examples 
of otoliths

Figure 5
Relationship between TL of C. harengus and a) otolith length; b) otolith width; c) otolith length/width ratio; d) examples 
of otoliths
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the length of otoliths is y = 4.273x − 4.862 (3) (Fig. 3a; 
Table 1) and the relationship between the fish TL and 
the width of otoliths is y  =  7.890x  −  1.588 (4) (Fig. 3b; 
Table 1). The length of sagittae in the European perch 
increases at a slower rate than the width of otoliths 
(Fig. 3c; Table 1). The shape of otoliths is stable during 
the growth of fish (Fig. 3d).

The TL of the examined individuals of the European 
flounder ranged from 8.8 to 26.0 cm. The linear 
regression describing the relationship between the TL 
of the European flounder and the length of otoliths 
takes the following form: y = 5.575x − 4.040 (5) (Fig. 4a; 
Table 1). The function y = 9.629x − 6.041 (6) describes 
the relationship between the fish TL and the width 
of otoliths (Fig. 4b; Table 1). The length/width ratio 
of sagittae in the European flounder is stable during 
the fish growth and the length and width of otoliths 
increase proportionally (Fig. 4c; Table 1). The European 
flounder has elliptical otoliths. Their shape does not 
change during the fish growth (Fig. 4d).

The TL of the measured individuals of the Atlantic 
herring ranged from 12.5 to 29.0 cm. The shape of their 
otoliths does not change during the growth of the fish. 
The relationship between the TL of the Atlantic herring 
and the length of otoliths is described by the equation: 
y = 7.005x − 6.099 (7) (Fig. 5a; Table 1). The relationship 
between the fish TL and the width of otoliths is 
described by the equation y = 17.131x − 9.899 (8) (Fig. 
5b; Table 1). Sagittae of the Atlantic herring grow faster 
in length than in width (Fig. 5c; Table 1). The general 
shape of otoliths in the Atlantic herring does not 
change during the fish growth (Fig. 5d).

Discussion

As evidenced by other authors, taxonomic 
identification of fish is possible based on the shapes of 
otoliths, but it is not as simple as it would seem. Some 
authors argue that otoliths are such a good marker 
that it is even possible to identify fish to the species 
level (Campana 2004; Jobling & Breiby 1986). Others, 
in turn, claim that sagittae of some fish are so similar 
to each other that only higher taxonomic units can be 
identified (Morrow 1979).

In the presented work, otoliths of taxonomically 
related species were similar. It was not possible 
to distinguish otoliths coming from the families: 
Ammodytidae, Pleuronectidae, Scophthalamidae, 
Anguilidae by comparing the presented results and 
the literature data, whereas otoliths of Clupeidae, 
Zoarcidae, Osmeridae, Gadidae, Gobiidae, Percidae, 
Salmonidae fish were quite similar but distinguis-
hable. Otoliths in most of the examined species grow 

proportionally to the fish size and their shape does not 
change.

Descriptions of otoliths from various species 
and various geographical regions presented in the 
literature confirm the observations presented in this 
work.

The round goby with a TL of 7.1 cm has sagittae 
similar in shape to other small Gobiidae, like the sand 
goby (Pomatoschistus minutus) and the common goby 
(P. microps). When comparing the round goby with a 
TL of 15 cm and the black goby (Gobius niger) of the 
same length, we can see that their otoliths are slightly 
different. The rostrum and postrostrum of the black 
goby are bluntly terminated (AFORO) as opposed to 
those in the round goby, which are rounded.

Otoliths of the European perch and pikeperch 
(Sander lucioperca) have a similar shape (Poulet et al. 
2004). However, otoliths of the European perch from 
Lake Ladik have an ellipsoidal shape (Ylmaz et al. 
2014), which may be caused by different conditions 
prevailing in that habitat or may be genetically 
determined (Poulet et al. 2004).

When comparing the otoliths of the European 
whitefish and other Salmonidae, it can be observed 
that sagittae of various species differ from each other. 
Otoliths of the Atlantic salmon (Salmo salar) and the 
brown trout (S. trutta) have a more rounded and 
putted forward rostrum (Campana 2004) compared to 
otoliths of the whitefish. It is worth mentioning that 
research conducted on otoliths of the Atlantic salmon 
indicates that it is not possible to differentiate between 
fish populations based solely on the shape of otoliths 
(Friedlnad & Reddin 1994). 

Fish from the Ammodytidae family have elliptical 
otoliths with smooth edges. This shape of otoliths is 
observed in the lesser sand eel and the great sand eel. 
The shape of otoliths in sand eels from the UK waters 
(Reay 1972) is the same as in fish from the Gulf of 
Gdańsk despite different environmental conditions.

Otoliths of the European flounder and the 
European plaice are bulged on one side and have 
wavy edges. Another plaice species, the American 
plaice (Hippoglossoides platessoides) and the common 
dab (Limanda limanda) have otoliths of a similar shape 
(AFORO).

Sagittae of the European smelt and the rainbow 
smelt O. mordax (Campana 2004) are droplet-shaped 
with wavy edges, but the capelin (Mallotus vilosus) 
living in the North Atlantic waters has otoliths of a 
different shape, despite their close taxonomic affinity 
(Campana 2004).

Otoliths of the Zoarcidae family differ in shape 
within each species. Sagittae of the viviparous eelpout 
are elliptical with a short and rounded rostrum, while 
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otoliths of the polar eelpout (Lycodes polaris) from the 
White Sea have a very specific shape, different from 
those of the viviparous eelpout from the Baltic Sea 
(Svetocheva et al. 2007).

Scophthalamidae fish have muffin-shaped otoliths. 
For example, otoliths of the brill (S. rhombus) are very 
similar to those of the turbot (AFORO).

Otoliths of the Atlantic herring and the European 
sprat are very similar but distinguishable. Both shapes 
are elliptical with wavy edges and an elongated, 
rounded rostrum, but otoliths of the European sprat 
are wider than those of the Atlantic herring. The 
Atlantic herring from the Celtic Sea and the Irish Sea 
has otoliths of the same shape as those from the Baltic 
Sea described above. The only difference observed 
was the length of sagittae. This can be used to indicate 
which population the fish belong to (Burke et al. 2008). 
Sagittae of the allis shad (Alosa alosa) and twait shad 
(A. fallax) are very similar in shape (AFORO).

When comparing the European eel from the Baltic 
Sea and the Mediterranean Sea, it appears that despite 
different habitats, the otoliths of these fish are of 
the same shape. However, Fourier analysis revealed 
differences between the compared otoliths. It can be 
indicated as a marker of the environmental impact, 
especially salinity, on the growth and shape of otoliths 
(Capoccioni et al. 2011). 

Sagittae of haddock (Melanogrammus aeglefinus) 
and whiting (Merlangius merlangus) are elongated 
with a sharp postrostrum (AFORO). They differ from 
otoliths of the Atlantic cod, which are elliptical with 
wavy edges. Otoliths of the Atlantic cod from waters 
near the Faroe Islands were slightly different in shape, 
which may be due to genetic differences as well as 
environmental factors (Cardinale et al. 2004).

When comparing the collected otoliths with 
photographs available on the AFORO website and 
in the literature, it has been confirmed that in many 
cases it is possible to determine higher taxonomic 
units (Morrow 1979). In some cases, the variability 
in the shape of sagittae allows the identification of 
a species or a population of fish. Some studies have 
shown that different shapes of otoliths within a 
family, genus or between populations of the same 
species can be observed using the Fourier description 
(Bird et al. 1986; Burke et al. 2008; Galley et al. 2006). 
Details can be easily omitted without harmonic shape 
analysis. The observed differences are mainly due to 
the genetic variance between taxa or populations 
as well as the impact of environmental conditions 
(Campana & Casselman 1993; Poulet et al. 2004). These 
factors have a crucial impact on the growth of fish and 
consequently on the growth and shape of otoliths 
(Cardinale et al. 2004; Campana & Casselman 1993). The 

identification of fish taxa should not be based solely 
on the shape of sagittae, but all parameters of otoliths 
should be examined such as length, width and surface 
area (Burke et al. 2008; Turan 2000). It is also difficult 
to identify fish taxa when fish are young (Campana & 
Casselman 1993). As mentioned above, in some cases, 
the shape of sagittae may change during the growth 
of fish. It is worth noting that during the process of 
digestion many characteristic features of otoliths can 
be dissolved and the identification of taxa would be 
impossible (Jobling & Breiby 1986; Morrow 1979).

Estimation of the fish TL based on parameters 
of otoliths is yet another scientific application of 
otoliths. Within the investigated fish TL range, a 
clear correlation between the parameters of otoliths 
and the fish TL enables the estimation of the fish 
TL based on parameters of otoliths. Parameters of 
otoliths could be useful for estimating the size of 
fish ingested by a mammal, bird or another fish, but 
otoliths from stomachs or feces are often dissolved. 
Their length and width may be reduced, which leads 
to an underestimation of the fish TL (Jobling & Breiby 
1986; Tollit et al. 1997). The size of sagittae may vary 
in fish of the same size within the same species, 
which may indicate differences in habitats occupied 
by fish. Research has shown that some fish living at 
greater depths, have larger otoliths than specimens 
of the same species living in shallower water. This 
phenomenon results from the fact that larger otoliths 
are more effective in reception of sound waves and 
play a crucial role at greater depths where hearing 
is more important (Paxton 2000; Cruz & Lombarte 
2004). Temperature is the main factor affecting the fish 
growth. Higher temperature intensifies the growth of 
fish and consequently the growth of otoliths (Folkvord 
et al. 2004; Mosegaard et al. 1988). This may be one of 
the reasons why fish of the same species and size may 
have otoliths of slightly different sizes (Merigot et al. 
2007). The AFORO website provides many equations, 
which allow us to estimate the fish TL based on the 
length of otoliths, but there are no equations for 
the species examined in this work. The described 
relationships may vary between areas (Bostanci 2009), 
so it is important to apply them to fish living in the Gulf 
of Gdańsk.

There are three models of the growth of otoliths. 
The first model is based on a faster increase in the 
length of otoliths compared to their width. This 
relationship is observed for the round goby and 
Atlantic herring. The second model assumes a faster 
increase in the width of otoliths compared to their 
length. It is observed in the case of the European 
perch. The third model is based on an isometric 
increase in the length and width of otoliths during 
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the lifespan of fish. The third model is typical for the 
European flounder.

The shape of otoliths may change during the life 
of fish, but this is not always the case. In the examined 
range of the fish TL, it was observed that the shape 
of otoliths does not change for the European perch, 
European flounder and Atlantic herring. On the 
other hand, the shape of otoliths of the round goby 
changes significantly during the life of the fish. There 
is a significant difference in the case of individuals 
with a TL of 11 cm, where the round sagitta changes 
into a more elongated shape, which is very specific 
to this species. Probably a similar situation can be 
observed for the turbot, but due to the narrow range 
of TL in the examined material and the small number 
of fish, further research is still needed. The change 
in the shape of otoliths is a genetically determined 
characteristic for a given species. Environmental 
conditions are the second cause that may be 
associated with the variations in the shape of otoliths 
(Vignon 2012). Changes in the shape of sagittae during 
the fish growth may cause a taxonomic misidentifi-
cation of larvae or juvenile forms at the species level 
(Jobling & Breiby 1986) if based only on their otoliths. 
In many cases, the correct taxonomic identification of 
fish is not possible without the knowledge of how the 
shape of otoliths changes during the life of fish. 
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