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Abstract While otoliths are considered the most
reliable structure to accurately age fish, a variety of
otolith preparation techniques are available, which
have consequences on the otolith’s optical properties
and therefore interpretation of growth bands.
Recently, numerous studies from a variety of authors
have criticised the use of whole otoliths in ageing
sparids with sectioned otoliths subsequently acknowl-
edged as the most reliable preparation technique.
Despite this criticism; ageing data is still being
generated from whole otoliths and other unreliable
structures such as scales. In an attempt to understand
the severity of this issue we conducted a global
literature review of otolith preparation protocols used
for sparids. We identified global spatial inconsisten-
cies in otolith preparation techniques with some
regions predominately using methods other than
sectioned otoliths to age sparids. The review

Electronic supplementary material The online version of
this article (https://doi.org/10.1007/s11160-019-09571-1) con-
tains supplementary material, which is available to authorized
users.

A. C. Winkler (B<) - M. 1. Duncan -

M. W. Farthing - W. M. Potts

Department of Ichthyology and Fisheries Science, Rhodes
University, Grahamstown 6140, South Africa

e-mail: alexwinkrsa@gmail.com

M. 1. Duncan

South African Institute of Aquatic Biodiversity,
Grahamstown 6139, South Africa

Published online: 08 June 2019

+ Murray Ian Duncan - Matthew William Farthing -

highlights the need for a standardisation of otolith
preparation methods and a move towards the use of
sectioned otoliths, or at least valid support where
alternative structures or preparation techniques are
used. Given that large numbers of studies have been
conducted on whole otoliths in certain regions, it may
be necessary to revaluate the existing growth param-
eters to ensure that accurate information is incorpo-
rated into management structures.

Keywords Age and growth - Fisheries
management - Sclerochronology - Sparidae

Introduction

Accurate fish ageing is critical for the estimation of
individual and population growth rates, age-at-matu-
rity, and other related indices (de Pontual et al. 2002).
Otoliths (usually Sagitta) are considered the most
reliable hard structures for ageing fish, due to their
metabolically-inert formation, which hinders re-ab-
sorption, unlike other structures, such as scales
(Simkiss 1974). The Lapillus otolith is less commonly
used, due to its small size in most species with the
exception of fish from the Cyprinidae family, in which
itis larger than the Sagitta and more reliable for ageing
purposes (Vilizzi 2018). Most reviews on fish ageing
correctly scrutinize the effects of poor age validation
techniques and specifically address the timing and
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periodicity of increment formation (Beamish and
McFarlane 1983; Horn and Sutton 1996; Campana
2001). While this is an important consideration, the
preparation technique used before examining the
otoliths should also be taken into account. Currently,
fish otoliths are either examined whole, sectioned,
broken, or ground-and-polished and in certain
instances heat treated or chemically stained to make
interpretation of growth increments easier (McCurdy
et al. 2002). Sectioned otoliths are usually mounted on
a microscope slide using a clear adhesive such as DPX
mountant or Canada Balsam. While whole and broken
otoliths are read under an immersion medium such as
water, glycerol or methyl salicylate to elucidate
growth bands (McCurdy et al. 2002). The different
techniques influence the optical properties of the
otoliths and potentially ageing accuracy and precision.

The most accepted otolith preparation technique for
fishes is sectioning, which has been shown to be more
reliable (Buxton and Clarke 1989, 1991; Hyndes et al.
1992; Horn and Sutton 1996; Brouwer and Griffiths
2004; Abecasis et al. 2006; Potts et al. 2010; Baudouin
et al. 2016; Farthing et al. 2018) but also more time
consuming (Hyndes et al. 1992). Whole otoliths are
usually used in the ageing of fast growing fish, or in
fish with small otoliths that are hard to section and
have distinct central rings (Morales-Nin and Panfili
2002). The use of whole otoliths for the ageing of
slow-growing fish, or fish with thick otoliths, has been
discouraged due to the difficulty of observing growth
bands in the central thickened opaque structure of
large otoliths, which can cause age underestimation
and therefore the mismanagement of fisheries (Hilborn
and Walters 2013).

The underestimation of fish age is problematic as it
results in an over estimation of individual and
population growth rates. This has major implications
for the stock assessments of economically-important
species, where incorrect analysis can lead to overex-
ploitation (Tyler et al. 1989; Hilborn and Walters
2013). In the case of under-ageing, this occurs when
mortality indices are calculated (often based on
maximum age) and this is exacerbated when using
yield per recruit models, when maximum age is also
used to calculate the maximum sustainable yield of a
fishery (Beverton and Holt 2012).

Besides issues with stock assessments, the use of
different ageing techniques undermines the ability for
comparative research across bioregions. This hampers
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our understanding of ecological patterns across geo-
graphical and temporal scales. One of the fundamental
goals of fish life history research is to compare the
findings of one study with those of other populations to
detangle the allopatric and environmental effects
impacting fish growth. Without standardised ageing
protocols, growth comparisons are nearly impossible
to conduct and therefore limit our ability to understand
the allopatric effects on fish life histories.

The Sparidae belong to the order Perciformes and
are commonly known as sea breams or porgies (Hanel
and Tsigenopoulos 2011). These are found in the
temperate and tropical coastal seas around the world
where they are important in many subsistence
(Richardson et al. 2011), artisanal (Gomez et al.
2006), recreational (Morales-Nin et al. 2005) and
commercial (Griffiths 2002) fisheries throughout their
distribution. They are known to be slow growing and
long-lived (Hanel and Tsigenopoulos 2011) fauna that
can be susceptible to over-exploitation (Comeros-
Raynal et al. 2016). Sparid fishes generally have
relatively large sagittal otoliths (Lapillus are too small
to be used in ageing studies), and despite a wealth of
literature denouncing the use of whole otoliths in
growth studies on Sparid fishes (Buxton and Clarke
1989, 1991; Brouwer and Griffiths 2004; Potts et al.
2010; Baudouin et al. 2016; Farthing et al. 2018) and
scales (Baudouin et al. 2016; Abecasis et al. 2008),
these techniques are still commonly used. The aim of
this study is to conduct a global review to identify the
spatiotemporal patterns of the hard structure and
otolith preparation methods used for aging the Spari-
dae. This information will be used to understand the
evolving patterns of Sparid ageing research and to
identify regions of concern, where suboptimal meth-
ods which may have negative consequences for the
management and sustainability of Sparid fisheries, are
still being used.

Materials and methods
Literature review

An online literature review was conducted using both
Google Scholar (scholar.google.com) and The Web of
Science (webofknowledge.com) online search engines
until September 2018 therefore only reviewing papers
published before this date. Identical search terms were
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used in both search engines, and included key words:
“age”, “growth”, “sparid”, “Sparidae”, “porgy” and
“seabream”. Search results were manually filtered and
only included in the data set if they presented any
ageing, age-growth or age-dependent information for
a sparid, and explicitly stated which age-determination
method was used. Age-determination methods
included the use of sectioned otoliths, whole otoliths,
other otolith techniques (broken, baked, burnt, ground
or polished otoliths) and other structures (scales and
vertebrae).

Data analysis

Data from the literature review were sorted into
respective FAO fisheries geographical management
areas (see Table 1) and year of publication. A binary
(1,0) dataset was generated form the literature review
based on whether a study used sectioned (1) or other
methods (whole, broken, baked, burnt, ground or
polished otoliths and other structures) (0) to age fish.
The probability of either otolith method being
employed per region over time (year of publication)
was estimated using a logistic regression using the R
statistical software environment (R Core Team 2018).
We applied a generalised linear model (GLM) with a
binomial distribution and a logit link function to the
data with FAO area (categorical) and year of publi-
cation (continuous) as explanatory variables. The
trained GLM was used to predict the hypothetical
probability of a study being published in each region
over time, from the time the first sparidae age and
growth study was published until the time the review
was completed. In order to understand the global trend

in the probability of sectioned otolith use another
GLM was trained with year being the only explanatory
variable used. The resultant predicted probability data
was plotted using ggplot2 (Wickham and Chang
2016).

Results

A total of 148 sparidae ageing studies were found
based on the literature review’s search criteria (see
online Table Al). Based on these results sparidae
ageing studies have been conducted in 11 different
FAO fisheries regions globally, encompassing the
entire geographic range of sparids (Fig. 1). The
highest number of sparid ageing studies have been
conducted within the MED (FAO 37), followed by the
ASE (FAO 47), WIO (FAO 51), AEC (FAO 34), ANE
(FAO 27), where 48, 24, 15, 14 and 13 studies were
conducted respectively (Fig. 1). Within the six other
regions < 10 ageing studies have been conducted on
sparids (Fig. 1). The AWC (FAO 31) and ASW (FAO
41) regions have only ever published sparid ageing
data derived from sectioned otoliths, while areas ASE
(FAO 47), WIO (FAO 51), EIO (FAO 57) and PSW
(FAO 81) have predominantly published ageing
studies using sectioned otoliths (> 50% use of
sectioned otoliths) (Fig. 1). In contrast, the ANE
(FAO 27), AEC (FAO 34), and MED (FAO 37)
regions have predominantly utilised whole otoliths
(> 50% use of whole otoliths) while areas PNW (FAO
61) and PWC (FAO 71) have primarily used structures
(> 50% use of other structures) other than otoliths for
ageing (Fig. 1).

Table 1 List of FAO
fisheries management areas

FAO area

Acronym

and their associated
acronyms in which Sparid
fishes are captured and
therefore used in this study

FAO area 27, Atlantic Ocean, Northeast

FAO area 31, Atlantic Ocean, Western Central
FAO area 34, Atlantic Ocean, Eastern Central
FAO area 37, Mediterranean and Black Sea
FAO area 41, Atlantic Ocean, Southwest
FAO area 47, Atlantic Ocean, Southeast

FAO area 51, Indian Ocean, Western

FAO area 57, Indian Ocean, Eastern

FAO area 61, Pacific Ocean, Northwest

FAO area 71, Pacific Ocean, Western Central
FAO area 81, Pacific Ocean, Southwest

ANE (FAO 27)
AWC (FAO 31)
AEC (FAO 34)
MED (FAO 37)
ASW (FAO 41)
ASE (FAO 47)

WIO (FAO 51)
EIO (FAO 57)

PNW (FAO 61)
PWC (FAO 71)
PSW (FAO 81)
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[ ] FAO areas D Sectioned otoliths [ll] Whole otoliths . Other methods

Fig. 1 Spatial representation of literature review grouped by
FAO region where the size of the pie charts represents the total
number of ageing studies conducted on sparids and shaded pie

Overall, there was an increase in the probability of
using sectioned otoliths in Sparid ageing studies from
18.6% in 1936 to 79.3% in 2018 based on the global
models’ predictions (Fig. 2). The AWC (FAO 31) and
ASW (FAO 41) regions had a continuous 100%
probability of publishing sparid ageing data using
sectioned otoliths regardless of year, while there was
a > 80% probability of data using sectioned otoliths
by 2018 in the ASE (FAO 47), PSW (FAO 81), PWC
(FAO 71), EIO (FAO 57) and WIO (FAO 51) regions
of (Fig. 2). In contrast, there was a < 80% probability
of publishing data from sectioned otoliths in the AEC
(FAO 34) and ANE (FAO 27) regions and < 40%
probability in the MED (FAO 37) and PNW (FAO 61)
regions by 2018 (Fig. 2).

Discussion

The findings of this review suggest that that there are
large spatiotemporal discrepancies between the otolith
preparation methods used in the ageing of sparids.
While there appears to be an increase in the use of
sectioned otoliths over time, the probability of certain
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Fig. 2 The predicted probability of each FAO region and a
combined global region publishing sparid ageing studies using
sectioned otoliths as a function of year from when the first study
was conducted in 1936 until 2018

regions using this technique remains comparatively
low. Areas of particular concern are the ANE (FAO
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27) and MED (FAO 37), where the probability of these
regions publishing sparid ageing data using sectioned
otoliths is well below 50% by 2018 (Fig. 2).

While these results may suggest that there are
fundamental problems with the age estimates of
Sparid fishes in some regions, it is important to
recognise that whole otoliths can, however, remain
valid method for estimating the age of short-lived fast
growing species (Winker et al. 2011). Fast growth
rates are rare in sparids, but certain species do exhibit
these features and may therefore be suitable for ageing
using whole otoliths (e.g. Boops boops) (Massaro and
Pajuelo 2018).

Unfortunately, the vast majority of sparids are slow
growing, and thus whole otoliths are unsuitable for their
ageing. For example, Brouwer and Griffiths (2004) in a
comprehensive study, validated the age and growth of
Argyrozona argyrozona, found that the use of whole
otoliths for their ageing was valid up until an age of
10 years. However, due to the thickening of the central
region of the otolith (and reductions in its clarity) it was
not possible to distinguish the early growth increments
of individuals older than 10 years. To evaluate the
potential bias of the thickening of the otolith in studies
where whole otoliths are used it is recommended that a
subset of otoliths from fish of a wide range of sizes are
examined whole and sectioned and an age bias plot is
produced (Campana et al. 1995; Taylor and Weyl 2012;
Baudouin et al. 2016). This approach was used by James
et al. (2003) in their study on Acanthopagrus berda and
the findings provided support for the use of whole
otoliths in ageing this species. A pilot study that assesses
the validity of using whole otoliths may be an appro-
priate way forward, as the use of sectioned otoliths may
still be a preferable technique which offers more
consistency in the optical properties of the increments
than whole otoliths (Baudouin et al. 2016). This is
critical as there may be considerable intraspecies
variation in the clarity of otolith increments (Farley
et al. 2006) which would reduce the comparability of
studies using whole otoliths.

While we acknowledge the findings of previous
studies that utilised whole otoliths in the ageing of
sparids, they most likely underestimated age and
therefore growth rates for species that grow to older
ages (> 10 years). When data from these studies has
been incorporated into stock assessment models, the
consequences of this bias can be significant. As age is
underestimated, growth and natural mortality is

overestimated and this will most likely result in
optimistic assessments and potential overharvest
(Hilborn and Walters 2013). It is therefore critical
that the sparids stocks that are managed based on age
and growth information derived from whole otoliths
be reassessed using sectioned otoliths. Fortunately,
many otolith collections are probably still available as
reading whole otoliths does not damage the structure
of the otolith, allowing them to be sectioned in the
future. For example, the ageing of Pachymetopon
blochii was recently reconsidered by Farthing et al.
(2018) using sectioned otoliths. They found an older
maximum age (19 years) when compared with the
historical study on the same species (12 years) by
Pulfrich and Griffiths (1988). Likewise, Baudouin
et al. (2016) aged Dentex dentex to 37 years while
previous studies estimated a maximum age of 28 years
using whole otoliths.

Although this study focused on the use of either
whole or sectioned otoliths, other structures (including
scales, opercula and spines) were also used for ageing
sparids. In particular, > 25% of the ageing studies in
as the PWC (FAO 71), PSW (FAO 81) and the MED
(FAO 37) regions used these structures for ageing.
Indeed, scales, opercula and spines have been recom-
mended above otoliths for the ageing of several
species e.g. Spines; Lopius spp, (Maartens et al. 1999),
Scales; cypinus carpio, (Vilizzi 2018) and opercula
bones; Eumegistus illustris (Mahe et al. 2016). How-
ever, a major drawback of the use of these structures is
that unlike otoliths, they are metabolically active and
prone to reabsorption, damage or removal (in the case
of spines and scales) and subsequent regrowth
(Simkiss 1974). While these structures may result in
under-ageing, they have still been recommended for
species whose otoliths do not provide reliable ageing
information (e.g., Lophius vomerinus, Maartens et al.
1999), or in cases where species are extremely rare and
non-lethal sampling methods are preferred (e.g.
Micopterus catatactae, Long et al. 2018). However,
otoliths have been shown to provide reliable ageing
information in sparid fishes, a poor conservation status
should be the primary factor used to motivate the use
of scales or spines in the family. Presently, there are
two Sparid species (Chrysoblephus cristiceps,
Polysteganus undulosus) that have been categorised
by the IUCN as critically endangered and four
(Chrysoblephus  gibbiceps, Evynnis cardinalis,
Lithognathus lithognathus, Petrus rupestris) as

@ Springer



Rev Fish Biol Fisheries

endangered (IUCN redlist) and these may be consid-
ered appropriate for ageing with scales or spines.

The broad variation in techniques used for ageing
Sparid fishes around the world has limited the
comparability of the life history traits between taxo-
nomically similar species. This hampers our under-
standing of larger biogeographical and ecological
patterns in the family. For example, the Diplodus
cervinus species complex is distributed in the temper-
ate waters of the Mediterranean, Eastern Atlantic,
Southern Africa and Oman with numerous biogeo-
graphic barriers genetically isolating populations
(Gwilliam et al. 2018). While ageing studies have
been conducted in the, Eastern Atlantic (Pajuelo et al.
2003), South Africa (Mann and Buxton 1997) and
Angola (Winkler 2014) the comparability and under-
standing of the patterns driving growth in this species
complex is questionable as the fastest growing pop-
ulation (D. c. cervinus) in the Eastern Atlantic was
aged using whole otoliths. Thus to improve the
comparability of ageing research on Sparid fishes we
recommend that researchers aim to standardise their
techniques. Based on the dominant use of otoliths for
ageing sparid fishes, we recommend that these struc-
tures are used for future age and growth studies in the
family. In cases where the species has a poor
conservation status, non-lethal sampling methods
and the use of spines or scales can be considered.
However, this should ideally be done in conjunction
with some form of validation with otolith data (e.g.
age-bias plots, Campana et al. 1995) to examine the
likely error in age estimates for the larger (older)
individuals. Due to the general increase in the use of
sectioned otoliths (Fig. 2) and their largely accepted
accuracy for fishes (Campana 2001) sectioned otoliths
are recommended above whole otoliths for the ageing
of sparid species.

Finally, the intention of this study is not to
denounce previous work, but to highlight a potential
bias in the life history assessment and management of
sparid fishes. It is hoped that these findings will
provide motivation for the reanalysis of ageing data
where necessary and a standardised approach for
scientists examining the age and growth patterns of
fishes in this family. While this study only focused on
one family of long-lived fishes, there may be similar
concerns for fishes belonging to other families with
similar life history characteristics, such as the Ser-
ranidae and Sebastes.
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