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THE FIRST REPORT OF ABNORMAL AGE RINGS IN OTOLITHS
LAPILLUS OF ARIIDS CATFISH

ABSTRACT
Igor Souza de MORAIS! . ) S T
The present work aimed to record the first presence of abnormal age rings in Cathorops spixii lapillus
Juliana de Souza AZEVEDO'#* otoliths from Cananeia-Iguape Estuarine-Lagoon Complex (CIELC), Southern region of Brazilian

coast. In August 2018, 59 specimens of C. spixii (Siluriformes, Ariidae) were collected during one
station sampling in the northern (n = 25) and another in the southern sector (n = 33) of CIELC. In
general, among the otoliths that presented age ring alterations, this divergent zone was observed in
opaque and translucent layers, on the right side, between the fifth and seventh age rings.
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otdlitos lapillus de Cathorops spixii do Complexo estuarino-lagunar de Cananéia-Iguape (CELCI),
regido sul do litoral brasileiro. Em agosto de 2018, 59 espécimes de C. spixii (Siluriformes, Ariidae)
foram coletados durante uma estagdo de amostragem no setor norte (n = 25) e outra no setor sul
(n =33) do (CELCI). Em geral, entre os otélitos que apresentavam alteracdes nos anéis de idade,
essa zona divergente foi observada em camadas opacas e transliucidas, do lado direito, entre o
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INTRODUCTION

Otoliths are calcified structures, formed by alternate layers of aragonite and protein,
which are continually deposited throughout the lifespan of the fish (Campana and Thorrold,
2001). Three structures (sagitta, lapillus and asteriscus) are found in the internal ear
of all teleosts and they are immersed in a liquid called endolymph (Pisam et al., 1998).
These calcified structures were known exclusively for the fact that they indicate aspects
of the life cycles of these organisms (Campana and Thorrold, 2001; Mendoza, 2006).

Studies about the life cycle of fish show the importance of otoliths as tools of analysis
in fisheries science and ichthyofauna characterization (Pracheil et al., 2019; Winkler et al.,
2019; Santana et al., 2020). In this context, some characteristics of otoliths have been
commonly used and applied to understand the life history of different fish populations,
such as morphometry (Morat et al., 2018), morphology (Bostanci et al., 2015; Sanchez
and Martinez, 2017) and chemical composition (Avigliano et al., 2017; Rogers et al.,
2019). In addition to these, the counting of translucent and opaque zones is emphasized
to estimate the age and growth of most teleosts, supporting the understanding of the
population dynamics of a given species (Sparre and Venema, 1998; Santana et al., 2020).

The translucent (hyaline) and opaque zones are formed as a consequence of the
differential removal and deposition of calcium carbonate (CaCOs) in the protein matrix
and are called age rings (Wright et al., 2002; Mendoza, 2006; Thomas and Swearer,
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2019). Numerous studies have shown that physiology, age, food
energy content and environment affect the composition otoliths
growth (Mendoza, 2006; Mille et al., 2016). It can be seen that
opaque layers are formed during periods of slow growth and
translucent layers are formed during periods of fast growth
(Wright et al., 2002).

These growth rings provide a long-term record of the life
history of fish by incorporating elemental differences in water
chemistry (Campana and Thorrold, 2001). Therefore, otoliths
provide a permanent record of environmental changes because
they are physiological static accumulations of calcareous material
and are, at no point, reabsorbed (Campana and Thorrold, 2001;
Panfili et al., 2002).

This alternating formation of the hyaline and opaque bands in
otoliths is regulated by the fish physiology, reproduction period,
spawning and migration (Grenkjer, 2016; Morrison et al., 2019).
In addition, the formation of the age rings can be influenced
by abiotic parameters of the environmental, for instance food
availability, diet composition, temperature and hydrochemical
stress (Barnes and Gillanders, 2013; Mille et al., 2016; Thomas
and Swearer, 2019). Therefore, the influence of these factors
in the growth process of otoliths at certain times in the species’
life cycle can create different types of growth profiles in opaque
bands (Katayama, 2018).

Catfish are individuals of the Ariidae family with occurrence in
freshwater, marine and estuarine systems in tropical and subtropical
regions (Figueiredo and Menezes, 1978). These fish have a benthic
feeding-habit, therefore, maintain an intimate association with the
sediment (Figueiredo and Menezes, 1978). Concerning catfish
from the Brazilian Coast, some studies showed the capacity of
the catfish Cathorops spixii (Agassiz, 1829) to accumulate some
trace metals in different tissues for instance muscle, liver and
gills (Azevedo et al., 2009, 2012a), and to supply response as a
bioindicator species in the coastal environment under different
anthropogenic influences (Azevedo et al., 2012b).

C. spixii have been used since 2004 as a bioindicator species
for the purpose of monitoring and the environmental diagnosis of
estuarine environments on the Sao Paulo coast, such as Cananeia-
Iguape Estuarine-Lagoon Complex (CIELC) and the Santos-Sao
Vicente estuary and (Azevedo et al., 2012a, 2012b; Pecoraro et al.,
2018). However, concerning the biological aspects of C. spixii,
such as age and growth, there are few studies in this species from
the coastal area of Sdo Paulo State (Brazil), especially in CIELC
(Denadai et al., 2013; Azevedo et al., 2019).

Cananeia is part of the Mosaic of Conservation Units of
Lagamar (Cananeia-Iguape-Peruibe Environmental Protection
Area), recognized as the Biosphere Reserve of the Atlantic Forest
since 1992, considered a Natural Heritage of Humanity since
1999 (UNESCO, 2011); since 2017, it has been an international
priority area for conservation as it was included as a Ramsar site
(RAMSAR, 2017). C. spixii has a complete life cycle in this estuarine
system (Mishima and Tanji, 1981;) and is considered abundant
in an area that still has characteristics of preserved regions, that
is, the southern region of the area, significantly influenced by
the ocean and, therefore, conserving natural conditions attributed
to the major marine influxes (Chiozzini et al., 2010). However,

individuals of C. spixii are also found in the northern area of this
estuary (Mishima and Tanji, 1981). In this region, the salinity
is smaller, ranging between 10 and 30 (Barcellos et al., 2005;
Pecoraro et al., 2018) and is notorious for its major continental
and anthropic influences, mainly by the Ribeira de Iguape fluvial
inputs (Prado et al., 2019). The aim of this work was to examine
the existence of abnormal age rings in Cathorops spixii otoliths
from the Cananeia-Iguape Estuarine-Lagoon Complex (CIELC)
and report it.

MATERIAL AND METHODS

In August 2018, 59 specimens of C. spixii (Madamango seca
catfish) were collected during one station sampling in the northern
(24°53.902°S; 47°48.609°W) (n=25) and in another in the southern
sector (25°01.958’S; 47°54.873°W) (n = 33) of the CIELC (Sao
Paulo State, Brazil) (Figure 1). Catfish were collected on board
the Albacora research vessel by the Oceanographic Institute of
Sao Paulo University. To catch the fish, a bottom otter trawl net
(1.6” mesh wall and 1.2” mesh cod end) 11 m length was used.
After collection, the fish were identified following Figueiredo
and Menezes (1978), considering the main characteristics of the
occipital process of the cranium and dentition. The total length
(TL - cm) of C. spixii were obtained, and, finally, the catfish
were dissected for the removal of the pair of lapilli otoliths
from the auditory capsule. Lapillus is the most robust pair of
otoliths of C. spixii, since sagitta and asteriscus are smaller and
more fragile. The otoliths were extracted using a cross-section
cut on the internal surface of the fish’s cranium to expose the
inner ear in which the otoliths are inserted (Pisam et al., 1998;
Popper et al., 2005).

The otoliths were washed in Mili-Q water, dried and stored in
polypropylene microtubes (2 mL) for later laboratory processing.
Lapilli otoliths were measured concerning the length (OL), height
(OH) and weight (OW). OL and OH were performed using a
manual caliper with + 0.01 mm of precision. However, their
weight was obtained using a digital balance with + 0.001 mg
of precision. Comparison of the biometric data (height, length
and weight) between left-right sides of otoliths was done using
the F test (F). Since an absence of statistical differences were
observed (OHiet versus rign: R* = 0.9881; F = 4586, p <0.0001 /
OLiett versus right: R2=10.9775; F =2389; p <0.0001 / OW et versus right:
R?=10.9977; F = 38716, p <0.0001), only the left otoliths were
processed for rings analysis, that is the opaque and translucent
zone observations). The nucleus of the otoliths was then marked
with graphite, embedded in polyester resin for 48 hours, and
sectioned transversally to a cross-section thickness of approximately
3 mm using a low-speed metallographic saw (Buehler Isomet).
The sections were then embedded in water and observed under
transmitted light using a stereo microscope Zeiss Discovery
V20 under 40X magnification and photographed using the
AxioVision 4.8 program. The left otoliths were deposited in
the collection of the Aquatic Toxicology and Ecophysiology
of Fish Group (AquaTox) in the Universidade Federal de Sao
Paulo (Unifesp), Diadema, Brazil. All analyzed and collected
C. spixii specimens were authorized by ICMBio (Instituto Chico
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Figure 1. Studied area with sampling fish collection in two sites (1 - southern and 2 - northern) of CIELC, Sao Paulo State, Brazil.

Mendes de Conservacdo da Biodiversidade (Sisbio process
n°® 63087-1). The voucher species MZUSP-48529 is deposited in
the ichthyological collection of the Museu de Zoologia da USP.

RESULTS AND DISCUSSION

The lapillus otoliths of C. spixii has a dorsal body and posterior
wedge-shaped region, narrowing from the lateral to the medial side
(Figure 2). These otoliths have more length than height (Table 1).

There were no significant differences between males and
female’s otoliths measurements of C. spixii from the two
regions (northern and southern) of the CIELC (t-test, p >0.05)
(Table 1). For this reason, otolith measurements of both sexes
were pooled.

Considering otoliths measurements of C. spixii from CIELC,
in general, the OL ranged from 0.55 to 1.48 cm, the OH ranged
from 0.50 to 1.10 cm, and the OW from 0.088 to 1.075 g. A
Mann-Whitney test revealed statistically significant differences
(» <0.0001) between the morphometric data of the catfish otoliths
between the individuals from the northern and southern areas of
the CIELC (Table 2). The exponential regression applied to the
relationship between the length of the fish and the morphometric
lapillus otoliths measurements showed a relative growth profile
(Table 2). A positive and significant correlation was found between
the measures of the fish and otoliths (TL,,,,OH: 1, = 0.9238,
p <0.0001 / TL,.,,OL: 1, = 0.9056, p <0.0001 / TL,.,;OW:
1, = 0.9624, p <0.0001), indicating that the otolith has uniform
in length and weight dimensions.
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Translucent

Figure 2. Lapillus entire and transverse section (without abnormal
age rings) otolith of C. spixii from the Cananeia-Iguape Estuarine-
Lagoon Complex (CIELC). Image: 40x magnification. OL: otolith
length; OH: otolith height; D: Dorsal; V: Ventral; P: Posterior;
A: Anterior. Yellow arrow: identification of translucent, opaque
rings and the core.

In this study, age rings in otoliths were considered as CaCO;
increments since the periodicity of age rings formation has not
been validated. However, previous studies on age and growth in
catfish Ariidae indicate the formation of 1 age ring per year in
accordance with the reproductive cycle (Mishima and Tanji, 1981;
Gomes et al., 1999; Oliveira and Novelli, 2005; Dantas et al.,
2010; Maciel et al., 2018) and, therefore, this standard was used
as reference in this study. Otoliths having abnormal layers are
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Table 1. Statistical results (mean + standard deviation and p-values)
of males and females lapillus otoliths of catfish from the two sites
(northern and southern) of Cananeia-Iguape Estuarine-Lagoon
Complex.

Northern
Males (n =9) Females (n = 14) p-value
OH 0.62+0.02 0.59+0.02 0.5214
OL 0.80+0.02 0.81+0.03 0.9523
ow 0.188+0.021 0.167+0.028 0.5943
Southern
Males (n = 4) Females (n = 29) p-value
OH 0.93+0.02 0.95+0.01 0.6891
OL 1.25+0.03 1.254+0.02 0.9105
ow 0.580+0.081 0.731+0.034 0.1246

OH: otolith height, OL: otolith length, OW: otolith weight. Statistical differences
were tested by t-test at p <0.05. Juveniles were not included in the table due the
sample size (Northern: n = 2; Southern: n = 0).

shown in Figure 3. This data is the first record of this type of
abnormal age rings in lapillus otoliths C. spixii. Concerning the
frequency of alterations in the age rings, catfish from the northern
site showed no changes. However, 48% of the C. spixii from
the southern area showed changes in the age rings. In general,
this divergent zone was observed to be isolated between opaque
and translucent layers, on the right side, between the fifth and
seventh age rings.

With respect to the external morphology of C. spixii lapillus
otoliths, the uniform growth in length and weight dimensions was
also observed by Carvalho et al. (2014) in the same species from
the estuarine and coastal areas of the Parana State (Brazil). The
presence of abnormal age rings was observed mainly in the sixth
ring of the lapillus otoliths of C. spixii from individuals collected
in the southern area of CIELC. The presence of the abnormal
rings may prevalence in older fish, because it was found in the
largest otoliths from C. spixii captured in the southern portion.

Table 2. Biometric descriptors (mean + standard deviation and minimum and maximum values) in the lapillus otoliths and their
relationship with the length of C. spixii from the southern and northern sites of Cananeia-Iguape Estuarine-Lagoon Complex.

OL (cm) OH (cm) OW (g)
Southern 1.25+0.10* (0.99 — 1.48) 0.95+0.73*(0.78 — 1.10) 0.713+0.182%(0.347 — 1.075)
Northern 0.84+0.13° (0.55 - 1.12) 0.66+0.12° (0.50 — 0.92) 0.242+0.151° (0.088 — 0.661)
TL (cm) OL=aTL" OH = aTL’ OW =aTL"
Southern 33.50+3.75 OL =0.362 TL"3 OH = 0.227 TL7 OW =0.001 TL!'#3¢
Northern 19.59+5.06 OL=0.187 TL%" OH =0.103 TL6! OW =0.001 TL>%3

TL: total length of catfish, OL: otolith length, OH: otolith height, OW: otolith weight. Different letters indicate statistical differences Mann-Whitney test at p <0.0001.

A-Nothern

B-Southern

~9 years
2mm

~3 years
2mm

|

~7 years ~8 years
2mm, y2mm,

Figure 3. Transverse section of C. spixii otoliths from the southern area of CIELC. Yellow arrow: abnormal age rings.
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In general, the formation of the age rings can be influenced
with several factors, both endogenous and exogenous, which
can promote a modification in the development of the individual
fish, creating changes in the density and thickness of the calcium
carbonate (CaCQ;) layers (Morales-Nin, 1987). It is possible that
endogenous factors such as reproduction and spawning, and besides
abiotic signals for instance water temperature, food availability
and diet composition, or another abiotic stress, may induce or
disrupt the increment and formation of age rings (Morales-Nin,
1987; Mille et al., 2016).

Furthermore, these factors can promote a modification in
the development of different polymorphs of calcium carbonate
crystals (CaCOs) in the protein matrix (Vinagre et al., 2014).
While aragonite is the norm for sagittae and lapilli, most asteriscii
are made of vaterite, thus accounting for their glassy appearance
(Fallini et al., 2005). However, studies have reported there is
more than one crystallization of calcium carbonate in the same
structure otolithic, or also simultaneous deposition, named aberrant
or anomalous otoliths, due to the presence of crystallographic
anomalies, and it may be indicating natural and/or anthropic
influence (Carvalho et al., 2019; Yedier and Bostanci, 2019, 2020).

These different calcium carbonate crystals are attributed to
changes in chemical-physical parameters (pH and temperature),
physiological disorders in the endolymph, or environmental stress
(Morales-Nin, 1987; Payan et al., 2004). Some studies have shown
the presence of crystallographic anomalies as vaterite and calcite
may be due to a variety of factors, such as physical trauma in the
macula, deficient food nutrition, high phosphate concentration in
water, a possible stress indicator in hatcheries or native habitats,
and the salinization of the environment (David et al., 1994;
Ma et al., 2008; Mille et al., 2016).

About the environmental stress, is reported in the literature
a major level of otolith asymmetry in more stressed specimens
such as in fish from polluted coastal areas under influence of
agricultural and mine waster and heavy metals in the aquatic
ecosystem (Kontas et al., 2018; Yedier et al., 2018). In fact, the
northern area of the CIELC is under influence of the freshwater
inflow from an artificial channel that links the Ribeira de Iguape
River directly to the estuary, representing an important input of
different materials of continental and anthropogenic origin such as
waste of an ancient mine and agricultural residues (Mahiques et al.,
2009, 2013; Tramonte et al., 2018). This influence is not clearly
verified in the southern area of CIELC, that has a more preserved
characteristic and marine influence (Azevedo and Braga, 2011;
Azevedo etal., 2011). Although otoliths with abnormal age rings
have not been found in C. spixii from the northern site of CIELC
and considering that these catfish are smaller than specimens from
southern area, it is possible that C. spixii use the estuary differently
throughout their life cycle, remaining in the northern sector in the
juvenile phase and migrating to the southern region as an adult.

CONCLUSIONS

This study is a first record of abnormal age rings in lapillus
otoliths of Cathorops spixii from Cananeia-Iguape Estuarine-
Lagoon Complex (CIELC). It is noteworthy the presence of this

abnormality between the 5th and 7th age rings, that is in older
fish. In addition, larger fish were found in the southern region of
CIELC, where all otoliths with abnormal age rings were recorded.
This profile raises the possibility of a relationship between these
anomalies and environmental stressors in the Cananeia-Iguape
estuarine region.
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