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Otolith morphology is a valuable tool for species identification, particularly for morphologically similar species.
This study evaluates the potential of otolith morphometry to distinguish Lesueurigobius sanzi and L. suerii, two
closely related species commonly found as fishery discards in the Gulf of Cadiz. A total of 1019 individuals
(L. sanzi: 921, L. suerii: 98) were collected and their otoliths were analysed using the R package "shapeR" to obtain
morphometric parameters and standardised wavelet coefficients. Statistical analyses revealed significant
morphological differences between the species. Principal Component Analysis (PCA) showed that otolith length,
perimeter, and shape indices contribute significantly to species differentiation. Furthermore, a Linear Discrim-
inant Analysis (LDA) based on standardised wavelet coefficients demonstrated high classification accuracy
(91.6%), confirming the effectiveness of this approach for species identification. These findings highlight the
reliability of otolith morphometry as a robust method for distinguishing L. sanzi and L. suerii, providing valuable
insights for fisheries management and biodiversity studies. This research contributes to the development of
classification methods, essential for sustainable fishery assessments and ecological research.

1. Introduction et al., 2012). These causes include specific situations such as the capture

of individuals below the legal size, species with low or no commercial

Fishing has grown significantly due to technological advancements,
leading to higher fishing efforts and intensified overexploitation of
fishery resources, alongside a rise in discards (Rousseau et al., 2019;
Gilman et al., 2020). According to the Food and Agriculture Organiza-
tion of the United Nations (FAO, 1996), fishery discards are defined as
the portion of the catch that, during a fishing operation, is not retained
on board and is returned to the sea alive or dead. These discard dy-
namics highlight the need to integrate sustainable management mea-
sures that balance technological advancements with resource
conservation (Aranciaga, 2003; Coronil-Huertas et al., 2024).

The decision to discard catches is influenced by multiple factors,
primarily economic reasons and fishing regulations, with four main
causes identified: the use of non-selective fishing techniques (Catchpole
et al., 2005), biological and environmental factors affecting species
distribution (Maynou and Sardd, 2001), social and cultural reasons
(Morandeau et al., 2014) and economic and regulatory drivers (Feekings

value, damaged catches, or exceeding quotas (Coronil-Huertas et al.,
2024). High levels of discards pose serious ecological problems, as they
can destabilize marine ecosystems, impacting biodiversity and ocean
health (Bellido et al., 2011).

Among the discards from the artisanal bottom trawling fleet in the
Gulf of Cadiz (located in the northeastern Atlantic Ocean along the
southwestern Iberian Peninsula; Fig. 1), are Sanzo's goby, Lesueurigobius
sanzi (de Buen, 1918) and Lesueur's goby, L. suerii (Risso, 1810), two
species belonging to the family Gobiidae. Both are small benthic species
inhabiting sandy or muddy substrates between 30 and 200 m depth,
usually associated with burrows or sediment shelters. Although they
have little or no commercial value, these species are a common fishery
bycatch that play a key ecological role within the demersal community
of the Gulf of Cadiz. They act as essential trophic links, transferring
energy from benthic invertebrates to higher trophic levels, including
commercially important predators such as hake (Merluccius merluccius)
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(Velasco and Olaso, 1998; Torres et al., 2013; Riccioni et al., 2022).
However, their strong visual similarity makes the species identification
based on external morphology particularly difficult. Due to this diffi-
culty, species of the genus Lesueurigobius have often been misidentified,
making it necessary to interpret the available information on their
habitat and biology with caution (Lloris, 2015). This persistent
misidentification affects the reliability of catch data reporting,
obscuring actual abundance patterns and hindering the evaluation of
their ecological contribution within the Gulf of Cadiz ecosystem
(Garcia-Vazquez et al., 2012).

In recent years, the morphometry of otoliths has emerged as acces-
sible and cost-effective methodology for identifying stocks and ana-
lysing the life histories of commercial and non-commercial fish species
(Abaunza et al., 2008; Karahan et al., 2014). Otoliths are calcified
structures located in the inner ear of teleost fishes, involved in balance
and hearing, and characterized by incremental growth throughout the
life of the individual, preserving species-specific information on growth
and morphology (Campana, 1999). Otoliths are particularly valuable for
studies on age, growth, and stock differentiation (Volpedo and
Vaz-dos-Santos, 2015). Moreover, their characteristic shape allows the
identification and differentiation of species (Lombarte and Castellon,
1991; Delpiani et al., 2012). Otolith morphology has been increasingly
applied to support taxonomic and ecological studies, providing reliable
discrimination even taxa with similar external body morphology
(Campana and Casselman, 1993; Francis and Campana, 2004).

Several analytical approaches have been developed to describe
otolith contours, including landmark-based geometric morphometrics,
Fourier elliptic descriptors, and wavelet transforms. Each method cap-
tures different aspects of shape variation: geometric morphometrics
relies on homologous landmarks to analyse shape geometry, Fourier
descriptors are efficient for smooth outlines, whereas wavelet analysis
allows a more precise detection of local irregularities and complex
contours (Libungan and Palsson, 2015; Tuset et al., 2021). In gobiid
otoliths, which often exhibit intricate shapes, wavelet-based
morphometry provides an advantageous approach for detailed shape
characterization.

Although otolith extraction and analysis require additional effort
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compared to external identification, otolith-based approaches offer clear
advantages in contexts where specimens are damaged, partially
consumed, or fragmented, as is common in trawl discards, stomach
content analyses, and habitat-based biodiversity surveys (Campana,
2004; Tuset et al., 2008). In such cases, otolith morphology represents a
persistent and species-specific structure that enables reliable identifi-
cation when external characters are unavailable (Campana and Cassel-
man, 1993). This is particularly relevant for discard-associated demersal
assemblages, where routine monitoring based on external morphology is
prone to misidentification, generating uncertainty in discard composi-
tion, biodiversity indicators, and subsequent management inferences
(Bellido et al., 2011). Moreover, small benthic gobies constitute an
important prey resource for commercially valuable predators such as
juvenile European hake (Merluccius merluccius), which feeds on small
benthic fishes during early ontogenetic stages (Carpentieri et al., 2005).
Accurate prey identification from stomach contents relies on
species-specific hard structures such as otoliths, as soft tissues are
rapidly digested.

Considering the challenges in species discrimination described
above, this study aims to develop a reliable morphometric approach for
distinguishing L. sanzi and L. suerii in contexts where external identifi-
cation is constrained. Specifically, this study addresses the following
questions: (1) do sagittal otoliths of L. sanzi and L. suerii exhibit
consistent interspecific differences in size and shape? (2) which
morphometric descriptors contribute most strongly to species discrimi-
nation? and, (3) can wavelet-based contour analysis provide sufficient
discriminatory power to support species-level identification in mixed
discard samples. By explicitly linking these questions to otolith-based
analyses, this study evaluates the applicability of morphometric ap-
proaches for improving species identification in discard-associated
demersal assemblages.

2. Material and methods
The samples were collected during campaigns conducted under the

framework of the ECOFISH, ECOFISH2, ECOFISH-+, and ECOFISH 4.0
projects whose objective was to characterize and improve fisheries
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Fig. 1. Map of sampling locations in the Gulf of Cadiz (located in the northeastern Atlantic Ocean along the southwestern Iberian Peninsula), showing the capture
sites of Lesueurigobius sanzi and L. suerii. Red dots represent samples collected by the fleet from the port of Sanliicar de Barrameda (SB), while blue dots correspond to
samples from the fleet of Puerto de Santa Maria (PSM). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of
this article.)
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discards, in collaboration with the Fishermen's Guilds of Sanlicar de
Barrameda and El Puerto de Santa Maria two fishing ports located in the
Gulf of Cadiz, southwestern Spain (Fig. 1).

2.1. Study area and sampling

The Gulf of Cadiz is a highly productive region of great fishing in-
terest due to its unique oceanographic and climatic dynamics. Surface
temperature follows a seasonal pattern, with peaks in summer and lows
in winter, influenced by atmosphere-ocean exchange and local winds
(Vargas et al., 2003). Additionally, ocean tides, combined with input
from the Guadalquivir River and coastal upwelling processes, enrich the
area with nutrients and chlorophyll, promoting the early life stages of
fish, including eggs and larvae (Garcia Lafuente and Ruiz, 2007).

Specimens of Lesueurigobius sanzi and L. suerii were obtained from
artisanal bottom trawl fisheries operating in the Gulf of Cadiz, where
both species are commonly discarded. These operations involved fleets
from two different ports, Sanlticar de Barrameda and El Puerto de Santa
Maria. The collection period spanned from 2019 to 2022, excluding the
annual closure period for bottom trawl fleets in the Gulf of Cadiz, which
runs from September 15 to October 31.

Sampling was opportunistic and based on fishery discards provided
by the trawl fleet. As such, the collected material reflects the discard
fraction generated under routine fishing practices and may be influ-
enced by gear selectivity, rather than representing population-level
abundance.

2.2. Sampling processing

A total of 1019 individuals were analysed in this study. Fish samples
were initially identified based on specific meristic and morphometric
characteristics, according to identification guides (Lloris, 2015). For
L. sanzi, the first dorsal fin ray, which is noticeably longer, was used as a
distinguishing feature. When this fin was damaged or not in suitable
condition to be used as a diagnostic character, species identification was
supported using alternative morphological traits described by Lloris
(2015). In particular, L. sanzi is also characterised by having 22 pectoral
fin rays, which provided an additional criterion for identification. This
morphological information, together with the visual assessment per-
formed by experienced technicians specialised in fish identification in
the Gulf of Cdadiz, allowed reliable species identification even when
external diagnostic features were not well preserved.

Data collection included measurements of the fish total length (TL, in
cm) and weight (in g). Then, right and left otoliths were extracted and
photographed, focusing on the otolith edges (Fig. 2), using a Moticam
580 camera attached to a Leica Wild M10 stereomicroscope, with the
assistance of the Motic Images Plus 2.0 software. Filenames were coded
to associate each image with its corresponding individual. The pixel-to-
millimetre ratio for each image was calibrated in ImageJ using a

1 mm
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reference scale. A fixed ratio of 240.53 px/mm was adopted to maintain
measurement consistency, and values were expressed with two decimal
places to ensure precision while avoiding excessive rounding noise in
morphometric calculations.

2.3. Otolith morphometric analysis

Otolith shape analyses were conducted in R (version 4.1.3; RStudio
Team, 2022) using the package “shapeR” for image processing and
extraction of morphometric measurements (Libungan and Palsson,
2015). A significance level of a = 0.05 was applied for all analyses.

Once the outline is accurately detected, the “shapeR” software cal-
culates a set of morphometric parameters based on the pixel-to-
millimetre ratio. The automatically extracted variables include otolith
area (OA, in mmz), otolith perimeter (OP, in mm), otolith length (OL, in
mm), defined as the longest distance along the longitudinal axis, and
otolith width (OW, in mm), defined as the maximum perpendicular
dorso-ventral distance (Fig. 3). In addition, otolith contour shape was
characterized using wavelet coefficients derived from outline analysis.
Using the extracted parameters, several morphometric indices were
subsequently calculated (Munoz-Lechuga et al., 2023; Park et al., 2023),
as summarized in Table 1. An exploratory analysis of the indices and
parameters was conducted following Zuur et al. (2010) to identify po-
tential outliers in the data.

ow

1 mm OL

Fig. 3. Representation of a processed otolith photograph with its shape
detected. Otolith measurements are represented as follows: OL = Otolith Length
(mm), OW = Otolith Width (mm), OA = Otolith Area (mm?), OP = Otolith
Perimeter (mm).

Fig. 2. Sagittal otoliths photographs obtained with a stereomicroscope at 8 x magnification. Shown are the left otoliths of (A) Lesueurigobius sanzi and (B) L. suerii. In
panel A, the main morphological features are indicated: (a) dorsal margin, (b) postrostrum (posterior region), (c) ventral (inferior) margin, (d) sulcus acusticus, (e)

rostrum, and (f) antirostrum. Scale bar = 1 mm.
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Table 1

Calculation of morphometric indices based on morphometric param-
eters. Key: OP = otolith perimeter; OA = otolith area; OL = otolith
length; OW = otolith width.

Morphometric Indices Formula

Circularity OP%/0A
Rectangularity OA/(OL*OW)

Form Factor (470A)/0P?
Roundness (40A)/n0L?

Aspect Ratio OL/OW

Ellipticity (OL-OW)/(OL + OW)

To verify the allometric relationship of otoliths in the samples,
Pearson correlations (Pearson, 1895) were analysed between otolith
areas and the total length of the individuals. Once this relationship was
confirmed, the morphometric indices and parameters were standardised
using Equation (1) (Elliott et al., 1995).

Where “Mg” represents the standardised measurement, “Mg” is the
original measurement, X is the mean total length of the entire dataset, x
is the total length measurement of each fish and b is the slope of the
regression between Mg and log x. Wavelet coefficients were automati-
cally standardised using the “shapeR” package. Morphometric variables
were standardised to remove size-related scaling effects and to focus the
analyses on shape differences between species, rather than on intra-
specific ontogenetic variation.

(Eq.1)

2.4. Statistical analysis of morphometric standardised indices and
parameters

The standardised morphometric indices and parameters were sub-
jected to the Shapiro-Wilk normality test (Shapiro and Wilk, 1965) to
assess normality, as it is highly sensitive for detecting deviations from
normal distribution in moderate sample sizes and performs reliably with
continuous morphometric data. For variables that did not meet
normality assumptions, the Kruskal-Wallis test (Kruskal and Wallis,
1952) was applied to identify significant differences between species.
This non-parametric approach provides robust comparisons when data
depart from normality, ensuring consistent analytical treatment across
all indices. Homoscedasticity and independence were verified prior to its
application to confirm the reliability of the results. To assess otolith
bilateral asymmetry, differences between left and right otoliths were
analysed using Wilcoxon signed-rank (Wilcoxon, 1945) tests for
morphometric variables.

Additionally, a Principal Component Analysis (PCA) was conducted
to identify primary patterns and trends, analyse differences between
groups, and determine the variables most influential in the observed
variation (Avigliano et al., 2015). This multivariate approach efficiently
reduces data dimensionality while retaining the variables that best
describe the structure and differentiation between species.

2.5. Statistical analysis of standardised wavelet coefficients

To evaluate significant differences between groups and assess otolith
bilateral asymmetry, we performed a PERMANOVA based on dissimi-
larity matrices (Good, 2000). This non-parametric method does not as-
sume normality or homogeneity of variances. A total of 1000
permutations were conducted to generate a null distribution of the test
statistics. The p-value was calculated as the proportion of permutations
in which the test statistics were at least as extreme as the original
statistics.

A Linear Discriminant Analysis (LDA) model was performed to
classify the samples by species. The model was trained using the
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standardised wavelet coefficients. This supervised classification method
was selected because it maximises the separation between predefined
groups, allowing the evaluation of how effectively otolith contour de-
scriptors differentiate L. sanzi and L. suerii. Cross-validation was per-
formed to estimate the model's accuracy and confirm the consistency
between the LDA classification and the PCA results to differentiate the
studied species.

3. Results

In total, 921 individuals of L. sanzi and 98 L. suerii were identified.
From both species, a total of 2038 otolith photographs were taken and
analysed. The pixel-to-millimetre ratio was calculated and determined
to be 240.5327 pixels per millimetre.

The total length of the specimens ranged from 3.9 to 11.5 cm in
L. sanzi and from 3.8 to 6.1 cm in L. suerii. These ranges approach the
maximum reported lengths for each species (approximately 12.3 cm for
L. sanzi and 7.5 cm for L. suerii; Froese and Pauly, 2025), indicating that
the analysed samples likely include both juvenile and adult individuals.
Although L. sanzi reached larger maximum total lengths than L. suerii,
the size ranges of both species partially overlapped, and size differences
alone do not account for the observed otolith morphometric
differentiation.

3.1. Analysis of otolith indices and morphometric parameters

Minimum, maximum, mean, and standard deviation values for each
morphometric measurement and index derived from otoliths are sum-
marized in Table 2. Overall, L. sanzi exhibited higher values in most of
the measured characteristics. Conversely, L. suerii showed slightly
higher roundness values.

Significant bilateral asymmetry was detected in the otolith
morphometric variables and shape indices for both species. Paired
Wilcoxon signed-rank tests revealed consistent statistical differences
between left and right otoliths in L. sanzi (p < 0.05) and L. suerii
(p < 0.05).

A strong positive allometric relationship was observed between
otolith size and total length in both species, with slightly higher corre-
lation values in L. sanzi (r = 0.93, p < 0.001) compared to L. suerii
(r = 0.87, p < 0.001). This pattern indicates that otolith area increases
with fish size.

After standardising the indices, the Shapiro-Wilk test revealed that,
except for the rectangularity variable (p > 0.05), the other indices did
not follow a normal distribution (p < 0.05). Subsequently, the non-
parametric Kruskal-Wallis test confirmed the presence of significant
differences in all non-normally distributed indices (p < 0.05). Addi-
tionally, the ANOVA performed on the rectangularity index indicated

Table 2

Descriptive statistics of otolith indices and morphometric parameters for
Lesueurigobius sanzi and L. suerii. Key: Min = Minimum; Max = Maximum; SD =
Standard Deviation.

Morphometric L. sanzi L. suerii

Variables

Min-Max (Mean + SD) Min-Max (Mean + SD)

Otolith Area (mm?)
Otolith Perimeter

2.64 - 17.60 (8.42 + 2.37)
5.76 - 15.37

1.05-4.92 (3.16 £ 0.73)
3.90 - 8.32 (6.58 + 0.84)

(mm)
Otolith Width (mm)
Otolith Length (mm)
Circularity

Rectangularity
Form Factor
Roundness
Aspect Ratio
Ellipticity

(10.64 + 1.52)

1.76 — 4.57 (3.15 + 0.44)
1.63 - 5.06 (3.34 + 0.52)
13.09 - 17.29

(13.75 £ 0.44)

0.73 - 0.84 (0.79 £ 0.02)
0.72 - 0.96 (0.91 + 0.03)
0.71 - 1.11 (0.95 + 0.06)
0.90 - 1.34 (1.06 + 0.05)
—0.05-0.13 (1.06 + 0.05)

1.08 — 2.44 (1.98 + 0.24)
1.20 - 2.53 (1.96 + 0.26)
12.86 - 16.43

(13.93 £ 0.44)

0.75 - 0.83 (0.80 £ 0.02)
0.76 — 0.97 (0.90 £ 0.03)
0.81 - 1.18 (1.03 £ 0.06)
0.87 —1.18 (0.99 =+ 0.05)
—0.06 - 0.08

(—0.01 £ 0.02)




J.S. Rubiales-Gomez et al.

significant differences between the otoliths of the species (p < 0.05).

The indices that contributed most to the observed separation were
circularity, form factor, and aspect ratio, which reflect the contrast be-
tween the more elongated otoliths of L. sanzi and the more rounded
shape of L. suerii.

3.2. Principal Component Analysis (PCA)

After standardising the indices and parameters, the Principal
Component Analysis (PCA) revealed that the first two dimensions
accounted for a cumulative variance of 76.60%, capturing most of the
variability present in the original dataset. This indicates that the vari-
ables with the highest contributions to these two principal components
are sufficient to adequately represent the underlying structure of the
data, significantly reducing model complexity without substantial in-
formation loss. The remaining dimensions accounted for a very small
proportion of the variance, suggesting their limited relevance in the
overall data representation.

The first two PCA dimensions were mainly structured by different
sets of morphometric variables (Table 3). Dimension 1 was primarily
driven by otolith length and perimeter, which showed the highest ab-
solute contributions and cos? values, followed by otolith area and aspect
ratio. In contrast, circularity and form factor showed negligible contri-
butions to this dimension. Dimension 2 displayed a different contribu-
tion pattern, being mainly influenced by circularity, with rectangularity
and form factor also contributing substantially.

The PCA revealed a tendency for L. suerii samples to cluster towards
negative values along the first two dimensions (Fig. 4), indicating
species-related differences in otolith morphology. These differences
were mainly associated with size-related descriptors along Dimension 1
and shape-related descriptors, such as circularity and form factor, along
Dimension 2.

3.3. Wavelet coefficient analysis

After standardising the Wavelet coefficients, the PERMANOVA
revealed statistically significant differences in the standardised Wavelet
coefficients between L. sanzi and L. suerii (p-value <0.05).

Regarding classification analysis using the Linear Discriminant
Analysis (LDA) method, the model achieved a classification error rate of
0.084, as determined by 10-fold cross-validation. This indicates that, on
average, the LDA model misclassifies approximately 8.4% of cases,
highlighting its high accuracy in differentiating the two species.

The LDA scores showed a clear separation between groups, with
limited overlap in the discriminant space. Classification accuracy
reached 92.4% for L. sanzi and 88.7% for L. suerii.

Table 3
Contributions and squared cosine (cos?) values of each variable in the first two
dimensions of the principal component analysis.

Variable Dimension 1 Dimension 2

Absolute cos? Absolute cos?

contribution contribution

(Relative) (Relative)
Otolith Area 0.807 (14.462) 0.651 0.564 (10.058) 0.318
Otolith 0.838 (15.591) 0.702 0.418 (5.542) 0.175

Perimeter

Otolith Width 0.665 (9.833) 0.443 0.667 (14.097) 0.445
Otolith Length 0.963 (20.594) 0.927 0.260 (2.145) 0.068
Circularity 0.031 (0.021) 0.001  —0.687 (14.92) 0.471
Rectangularity —0.553 (6.798) 0.306 0.533 (9.005) 0.284
Form Factor —0.033 (0.024) 0.001 0.690 (15.057) 0.476
Roundness —0.725 (11.663) 0.525 0.613 (11.878) 0.375
Aspect Ratio 0.679 (10.241) 0.461  —0.549 (9.551) 0.302
Ellipticity 0.696 (10.774) 0.485  —0.495 (7.744) 0.245
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4. Discussion

This study addressed whether otolith morphometry, particularly
wavelet-based contour descriptors, can reliably discriminate Lesueur-
igobius sanzi and L. suerii within the context of discard monitoring in the
Gulf of Cadiz. The clear differences observed in otolith indices and
contour parameters highlight the robustness of this approach, particu-
larly the use of standardised wavelet coefficients, which allowed a
precise characterisation of otolith shape and an accurate classification of
both species.

The strong and significant correlation detected between otolith di-
mensions and fish length confirms that otolith growth is closely linked to
somatic growth, a relationship widely recognised in previous research.
Gutiérrez and Morales-Nin (1986) demonstrated that otolith size in
European seabass (Dicentrarchus labrax) reflects daily growth patterns
influenced by both physiology and environmental conditions, while
Castro-Gutiérrez et al. (2023) observed similar relationships in the
brown comber (Serranus hepatus). Given this strong relationship,
standardising morphometric data (by removing allometric effects) is
essential to decouple otolith shape from fish total length. This ensures
that the observed differences are driven by species identity rather than
by differences in fish size.

After standardisation, significant differences remained between
L. sanzi and L. suerii. Circularity, form factor and aspect ratio indices
were particularly informative for distinguishing the two species. Com-
parable results were reported by Bani et al. (2013), who achieved over
94% correct classification among three gobiids (Caspian goby Neo-
gobiuscaspius, deepwater goby Ponticola bathybius and bighead goby
Ponticolagorlap) species using the same type of morphometric de-
scriptors. This consistency across studies confirms the usefulness of
shape indices for resolving taxonomic ambiguities in closely related
species.

Principal Component Analysis (PCA) showed that the first two
components explained 76.6% of the total variance, confirming their
suitability for interpreting the main axes of morphological differentia-
tion. As noted by Ringnér (2008), focusing on the first two components
is appropriate when they represent most of the cumulative variance. In
this study, the first component was driven mainly by otolith size vari-
ables (length and perimeter), whereas the second captured
shape-related features such as circularity and rectangularity. These
variables together accounted for the main patterns of differentiation
between L. sanzi and L. suerii. Overall, the PCA demonstrated that shape
traits associated with elongation and compactness drive most of the
morphological separation between species, in agreement with previous
otolith-based discrimination studies (Pavlov, 2016; Sadighzadeh et al.,
2012).

The differences observed between L. sanzi and L. suerii likely result
from the combined influence of genetic and environmental factors.
While genetics exert a dominant effect on the general otolith contour
(Radtke and Shafer, 1992; Campana et al., 2001), environmental vari-
ables such as depth, temperature, and substrate type are known to
modulate finer-scale morphological details (Pavlov, 2016). In the Gulf of
Cadiz, L. sanzi typically inhabits shallower sandy bottoms (40-120 m)
and is exposed to warmer and more hydrodynamically active conditions,
whereas L. suerii occupies deeper muddy habitats (80-200 m) charac-
terised by lower temperatures and reduced energy (Lloris, 2015; Fanelli
et al.,, 2009). Importantly, samples of both species were obtained by
artisanal trawl fleets operating from both ports and across overlapping
operational depth ranges. While this suggests that the observed differ-
ences are unlikely to be driven exclusively by fleet- or port-specific
sampling, spatial and operational effects cannot be fully excluded.

Habitat type and depth can significantly influence otolith
morphology (Lombarte, 1992). Specifically, otolith shape complexity
has been linked to substrate characteristics (Volpedo and Echeverria,
2003). The rounder and smoother otoliths of L. suerii align with de-
scriptions of fish associated with soft, muddy substrates, which tend to
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Fig. 4. Representation of the first two dimensions of the PCA. The eigenvectors representing the variables show their direction and contribution relative to the two
principal components. The observations of Lesueurigobius sanzi are represented as red circles, while the observations of L. suerii are shown as blue triangles. Coloured
ellipses represent 95% confidence intervals around the group centroids. (For interpretation of the references to colour in this figure legend, the reader is referred to

the Web version of this article.)

exhibit simpler margins and circular forms (Volpedo and Echeverria,
2003). Conversely, the more elongated and angular otoliths of L. sanzi
may reflect adaptations to the sensory requirements of high-energy
sandy environments. Similar divergence in otolith shape driven by
habitat segregation has been documented in other gobiids (Bani et al.,
2013), supporting the hypothesis that environmental gradients act
synergistically with genetic differentiation to shape the observed
morphometric divergence. Rather than merely indicating species iden-
tity, these morphological distinctions reflect the specific functional ad-
aptations required by their respective ecological niches. The congruence
between the observed environmental segregation and the otolith shape
divergence suggests that habitat-specific selective pressures could have
played a role in shaping these structures.

The classification accuracy obtained through the Linear Discriminant
Analysis (LDA) confirms the strong discriminative power of wavelet
coefficients. These results are in line with previous findings demon-
strating that wavelet descriptors outperform traditional shape indices in
distinguishing closely related species (Tuset et al., 2021; Bostanci et al.,
2024). However, as reported for other taxa (Wujdi et al., 2022), the
precision of LDA-based discrimination can vary across populations,
reflecting the combined influence of both genetic and environmental
variability.

From a management perspective, these morphological and environ-
mental distinctions are consistent with the known ecological segregation

between L. sanzi and L. suerii, even when both species co-occur in trawl
discards. Recognising such habitat-linked differentiation is valuable for
discard monitoring programs and ecosystem-based fisheries manage-
ment, as it facilitates more accurate species identification within mixed
trawl catches and improves biodiversity and impact assessments in the
Gulf of Cadiz.

Although this approach is particularly effective for gobiid species,
whose external morphology often hampers reliable identification, it also
highlights the broader value of otolith-based methods as practical clas-
sification tools. Otolith morphometry offers a cost-effective and objec-
tive alternative that does not require specialised genetic analyses or
extensive taxonomic expertise, making it especially suitable for routine
fisheries monitoring and discard assessment programmes.

Beyond the focal species, the methodological framework developed
here has broader ecological implications. Small benthic gobies play a
key role as prey in demersal food webs, transferring energy from benthic
invertebrates to higher trophic levels, including commercially important
predators (Carpentieri et al., 2005). The otolith-based discrimination
approach presented here can therefore be extended to other gobiid taxa
and applied in stomach content analyses of piscivorous predators, where
morphological identification of partially digested prey is often
unreliable.
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4.1. Limitations of this study

A recognised challenge in studies of these species is the difficulty of
distinguishing them based on external morphology (Lloris, 2015),
particularly when specimens originate from trawl discards where diag-
nostic features may be obscured. This limitation was addressed during
sampling through visual identification performed by experienced
personnel from the ECOFISH project, who have extensive expertise in
the identification of demersal species from the study area. To minimise
potential bias associated with field sorting, subsequent analyses relied
on otolith-derived morphometric measurements, which provide an
objective basis for species comparison. Under this approach, any resid-
ual misclassification is expected to be low and non-differential with
respect to the contrasts examined.

Moreover, the sample size of L. suerii was smaller compared to
L. sanzi, which may have a slight influence on the interpretation of
morphological differences between the two species. However, the re-
sults remain valuable for identifying trends and providing relevant in-
formation on their otolith characteristics. This imbalance reflects the
natural abundance patterns encountered during routine fishing opera-
tions, as samples were collected directly from the artisanal trawl fleet,
making equal representation difficult to achieve in field conditions.
Future studies with a larger sample size could further strengthen and
expand these findings.

Age information was not available for the analysed individuals, and
published age-size relationships for Lesueurigobius species are limited,
preventing a direct assessment of age-specific structure relative to the
population. Consequently, data were pooled across individuals to
encompass the full size range available in the catches. While this
approach limits the ability to detect specific ontogenetic shape transi-
tions, it ensures that the resulting discriminatory model incorporates the
natural morphological variability present across the catchable popula-
tion structure. To address this limitation and mitigate potential size-
related effects associated with ontogenetic variation, all morphometric
variables were standardised prior to analysis. While otoliths increase in
size as fish grow, this standardisation allows for comparisons that are
independent of otolith size, effectively reducing the influence of
allometry and scaling effects across the sampled size range.

However, we acknowledge that standardisation does not entirely
remove intraspecific shape variation associated with size, and size-
related effects may operate within species as well as between species.
This represents a common methodological trade-off in otolith
morphometry studies focused on species discrimination, where the pri-
mary objective is to maximise interspecific separation rather than to
characterize intraspecific ontogenetic trajectories.

A critical aspect of otolith-based identification tools is their appli-
cability in routine fishery monitoring. Field applications face constraints
such as damaged specimens and limited processing time, so both left and
right otoliths were included in model development to ensure reliable
performance regardless of which otolith is available. Although signifi-
cant bilateral asymmetry was detected (PERMANOVA: p < 0.001),
incorporating this variation enhances classification robustness by pro-
ducing a more generalized model.

4.2. Conclusions

The results of this study highlight that the morphometric indices of
the otoliths of L. sanzi and L. suerii are significantly different, as
demonstrated clearly and reliably through Principal Component Anal-
ysis (PCA). This approach effectively distinguishes between the two
species and reinforces its utility in taxonomic studies. Furthermore, the
Linear Discriminant Analysis (LDA) confirmed that wavelet coefficients
are the most accurate tool for otolith classification, owing to their low
error rate in the classification process.

The use of otolith morphometry emerges as an effective, cost-
efficient, and accessible method for classifying species within the same
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genus that are difficult to differentiate using traditional meristic-based
techniques. Although otolith extraction and analysis require additional
effort, this approach becomes particularly valuable in contexts where
external morphological characters are damaged, incomplete, or unreli-
able, such as trawl discards, stomach content analyses, or habitat-based
biodiversity assessments.

This study provides a robust methodology for differentiating be-
tween L. suerii and L. sanzi improving species identification in situations
where conventional morphological traits are often deteriorated. Beyond
this specific case, the approach presented here can be extended to other
demersal species and ecological contexts where accurate taxonomic
resolution is limited. Otolith-based morphometry is therefore proposed
as a complementary tool that supports species identification when
external diagnostic characters are compromised or when taxonomic
expertise is not readily available. Accurate species identification is a key
step toward effective management, as it underpins reliable ecological
assessments, informs population-level analyses, and supports sustain-
able exploitation and conservation of marine resources.
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