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Abstract. Otoliths are key to reconstructing fish life history, as
their structure records individual and environmental
information. These inner ear structures grow incrementally,
revealing growth rates, migration patterns, and environmental
conditions. However, internal factors (e.g., genetic mutations
and stress) and external factors (e.g., temperature changes
and pollution) can cause structural anomalies, such as shape
deformities, asymmetry, and altered composition. This study
describes a unique anomaly, an unusual accessory otolith, in
the sagittal otolith of an Atlantic herring (Clupea harengus L.)
larva collected from the Vistula Lagoon in the southern Baltic
Sea, a vital spawning area. A 40 mm larva exhibited a rare
otolith anomaly (found in only one of ~2000 specimens
analyzed) characterized by a main otolith measuring 0.47 ×
0.39 mm with an average of 64 daily increments, and an
attached accessory measuring 0.20 × 0.10 mm with an
average of 25 daily increments. This anomaly, previously
unreported in Baltic herring larvae, may reflect environmental
stressors and is significant for understanding developmental
abnormalities in fish.
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Introduction

An otolith, or ear stone, is a small, hard structure lo-
cated in the inner ear of fish (Campana 1999). These
structures are integral to the fish’s balance and hear-
ing systems, enabling orientation in space and the
detection of underwater vibrations (Popper and Lu
2000). Composed primarily of calcium carbonate
and proteins, otoliths grow throughout a fish’s life via
the regular deposition of material layers, forming
a microstructure similar to tree rings (Degens et al.
1969). This growth pattern provides researchers with
invaluable insights into fish life history and environ-
mental interactions (Campana and Thorrold 2001).
For example, daily growth increments within otoliths
enable precise age determination, as each layer rep-
resents a single day of growth (Campana 1999). Ad-
ditionally, otolith microstructure records
environmental parameters such as water tempera-
ture (Fey 2001), salinity (Tonheim et al. 2020), and
food availability that fish experience during different
life stages.

Research on otolith anomalies is important not
only for refining methodologies but also for enhanc-
ing our understanding of fish ecology and developing
indicators of environmental change in aquatic eco-
systems, driven by both natural processes and
anthropogenic pressures (Béarez et al. 2005). For
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example, otolith anomalies serve as valuable proxies

for understanding the effects of global changes, in-

cluding rising water temperatures, ocean acidifica-

tion, and salinity shifts driven by climate change

(Folkvord et al. 2004). These stressors not only affect

fish physiology but also alter broader ecosystem dy-

namics, potentially disrupting food webs and reduc-

ing biodiversity (Perry et al. 2005, Pinsky et al.

2020). By studying otolith anomalies, we can poten-

tially trace the historical and contemporary impacts

of these global changes, gaining a better understand-

ing of how aquatic species and their habitats are be-

ing reshaped.

This study presents evidence of an unusual

sagitta anomaly in herring larvae collected from the

Vistula Lagoon in the southern Baltic Sea, character-

ized by the presence of an accessory otolith. Notably,

our observations revealed that the accessory otolith

formed daily growth increments and was located in

a different plane, away from the main otolith center,

which, to our knowledge, has not been previously re-

ported.

Materials and Methods

The sample of larvae was collected on April 27, 2023
in the eastern region of the Polish zone of the Vistula
Lagoon (N 54.3842; E 19.6083). The Vistula Lagoon
serves as the primary spawning ground for Baltic her-
ring in the southeastern Baltic Sea (Krasovskaya
1998). Herring larvae were caught using a 5-meter
neuston net with a 2 m2 surface area of the opening
and a mesh size of 500 μm. The net was towed at
a speed of approximately 2 knots, traversing the up-
per water layer. The samples were immediately
placed in vials containing 96% ethanol. In the labora-
tory, the length of the larvae (mm, SL) was measured
to the nearest 0.01 mm using an electronic caliper.
The sagitta were dissected with the aid of a fine nee-
dle and mounted on glass slides with Eukitt mount-
ing medium. The otolith length was determined by
measuring the distance between the anterior and
posterior edges of the otolith, and the width was

measured from the dorsal and ventral edges of the

otolith perpendicular to its length. Otolith size mea-

surements and photographic documentation were

conducted under Nikon image analysis system (mi-

croscope: Nikon SMZ1270; camera: Nikon DS-Fi3;

software: Nikon Nis Elements v. 5.42.04). A total of

2015 pairs of sagittae from herring larvae were ex-

amined, and the anomaly described here was found

in only one individual.

Results and Discussion

An accessory otolith was discovered in a 40 mm her-

ring larva caught in the Vistula Lagoon. The larva

came from early spring spawning that occurs in the

Vistula Lagoon when the water temperature reaches

6–8�C (Fey et al. 2014). The right otolith measured

0.47 × 0.39 mm, and an accessory otolith was ob-

served on its surface. The size of the overgrown

otolith was 0.20 × 0.10 mm. The number of incre-

ments in both otoliths differed depending on the ra-

dius along which they were counted. Counting them

along five axes from the nucleus, the average number

of increments of the accessory otolith was 25 ± 0.81

(standard error – SE), while that of the main otolith

was 64 ± 2.25. This substantial difference suggests

that the accessory otolith forms significantly later,

likely following a specific developmental disturbance

or an abrupt physiological shift. Although the acces-

sory otolith is attached to the actual otolith, the two

structures are only partially fused and are clearly sit-

uated in different planes, rather than forming a single

continuous growth axis (Fig. 1).

This phenomenon suggests a unique interrup-
tion or alteration in the normal growth process of the
otolith at a certain point in the larval life. Anomalies
in otolith structure in fish larvae are the result of
a complex set of environmental, genetic, and physio-
logical factors (Vignon and Morat 2010, Mahé et al.
2019). These irregularities can significantly affect the
interpretation of otolith data, which are crucial in
studies related to the age, growth, and ecology of fish
(Campana and Neilson 1985). In our study, we found
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only one such otolith among approximately 2000
pairs of herring larva sagitta. Therefore, it is difficult
to speculate on the causes of this phenomenon.

The formation of otoliths in larvae is driven by
environmental conditions (Fey 2005). For example,
changes in water temperature can affect the metabo-
lism rate of fish larvae, which in turn can lead to ir-
regular patterns of otolith material deposition
(Sweeting et al. 2004). Studies have shown that sud-
den temperature changes can cause anomalies in
otolith structures, making it difficult to accurately
date larval age (Miller 2011). On the other hand,
changes in salinity can disrupt ionic homeostasis in
fish larvae, leading to alterations in the mineral com-
position of otoliths (Martinho et al. 2020). For in-
stance, higher salinity can cause faster calcium
deposition, resulting in the formation of more com-
plex otolith structures (Elsdon and Gillanders 2002).

Environmental pollution, such as heavy metals,
pesticides, and other toxins, also affects otolith devel-
opment (Elsdon and Gillanders 2003). Toxins can
disrupt biochemical processes in fish larvae, leading
to improper deposition of calcium and protein layers
in the otoliths (Tomás and Geffen, 2003). Under-
standing the impact of pollution on otoliths is crucial
for interpreting data from polluted areas (Lombarte
and Lleonart 1993, Hardersen, 2000). Oxidative
stress may also result from anomalies in the otolith
structure (Payan et al. 2004). Free radicals generated
during metabolism can damage the cells responsible
for otolith formation, leading to abnormal develop-
ment. Oxidative stress can arise from environmental
factors, such as pollution, and biological factors,
such as diseases (Tomás and Geffen 2003). Another
factor is genetic mutation, which may influence
otolith growth and mineralization processes (Tomás
and Geffen 2003).

Anomalies in otoliths can lead to difficulties in
proper spatial orientation (Weigele et al. 2015). The
consequences can include problems with seasonal
migrations, which are critical for the survival of many
fish species. Moreover, fish may have a reduced abil-
ity to respond quickly to the presence of predators
(Vignon and Aymes 2020). This can increase their
exposure to attacks and raise the mortality rates
within the populations. In terms of defensive and
adaptive behaviors, the ability to quickly detect and
avoid threats is vital for fish survival in their natural
environment. Damage to otoliths can lead to balance
problems in the water, which can affect swimming ef-
ficiency (Gagliano et al. 2008). These disturbances
can lead to increased physical stress and limit fish
movement in their natural habitats.
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Figure 1. Photos of the main and accessory otolith of herring larva
from the Vistula Lagoon. Note that the accessory otolith
growth-center is located in a different plane, away from the main
otolith center.
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