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INTRODUCTION OBJECTIVE METHODOLOGY

Otolith shape analysis has been widely used to delineate structure of The present study compares protocols and A total of 550 sagitta otoliths of blue jack mackerel,
populations of marine fish species, mostly based on Elliptic Fourier outputs of both packages (shapeR vs. AFORO Irachurus picturatus, were collected from the waters near
descriptors. Alternatively, the wavelet transform of the radii length team protocol in R) using the blue jack the Canary Islands (Cl) and Madeira (MD). The shapeR
iImproves the otolith contour interpretation, quantifying the otolith mackerel, 7rachurus picturatus, from the package (Libungan and Palsson, 2022) and the AFORO
irreqularities and determining accurately their position. Canaries and Madeira archipelagos as a case team protocol in R were used for the otolith contour
The worldwide application of the mathematical R environment study. shape analysis and the outputs compared. The

performance of parametric and non-parametric
classification algorithms was also evaluated using the
caret R package (Kuhn, 2008).

allowed the development of s/igpeR package for the otolith shape
analysis. However, we have detected ciiferences in the philosophy of
the use of wavelets and some inconsistencies in the results

Interpretation.
BACKGROUND ON WAVELET ANALYSIS
Contour description using wavelets
shapeR package
(LIBUNGAN AND PALSSON, 2022) AFORO team protocol
» Starting point is not linked to a morphological feature. e Algorithm detects the point on the rostrum furthest from the centroid.
e 1024 equidistant angles (035 degrees per p0|nt) e 512 ECIUidiStant pOintS according to the perimeter.
N Pyramidal_ analysis of levels (zn)  Filter: B-3 Splines (PariSi'Baradad et al.., 2005)
» Filter: Daubechies least asymmetric wavelets (Daubechies, 1992). * Analysis by levels, keeping the dimensions.
« 10%™ wavelet levels. * 9" wavelet levels.
. Automatic level selection (e.g., 5t" = 62 coefficients). * Level to be analysed are up to the rssearcher (species = 5t; stock = 4th).
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Mean otolith shape based on wavelet reconstruction using Mean (circles) and standard deviation (sd, vertical bars) of Mean otolith shape based on wavelet reconstruction usingthe ~ Mean (solid line) and standard deviation (dotted line) of the
the shapeR package in R. Canary (Cl) and Madeira (MD). the wavelet coefficients, standardized for the otolith size. AFOROteam protocol in R. Canary (Cl) and Madeira (MD). otolith contour decomposition using wavelet coefficients obtained
ICC, intraclass correlation (solid line). from AFOROteam protocol in R. Canary (Cl) and Madeira (MD).
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1. Correlation between size and standard - 1. PCA and components selection (Broken stick model).
coefficients. N - 2. Regression between PC components and size, new PCA matrix.
X Excluded when there are differences Y | [ A = v Residuals for correlated.
between groups. i ~
group N | to = i 15 v/ Components for non-correlated.
V' Not exclude coefficients are used in the 8 & 5. Number of cases per group.
followmg .analyses. 10 g v/ Small (<100): LOOCV method.
2. Standard coefficients. ) v Medium (101-200): depending on otolith contour detail.
3. Canonical Covariate Analysis. ':;5(;3 o v Large (>200): training and testing sets.
Confusion/Error matrix (LOOCV) and classification accuracy of individuals to their CLASS' FlCATlON ALGOR'TH M S Correlation of the most relevant PC components for the classification with normalized
sampling origin. distance of the 4" wavelet
2 backade  Algorithm Prediction - RETETENCes Performance measures Linear plscrlmlnant Analysis (LDA) M Pet Pes
. : (I MD  Accuracy Kappa % Accuracy Multi-layer Perceptron (MLP) Egé =_ - N
C| 251 39 86.55 Quadratic Discriminant Analysis pczs | I 5 |
LDA® MDD 55 111 85.00 K-nearest neighbors Cil Ay o "'L'MA"
TOtal. 290 260 0.858 - PC18: l 0.5 051
shapeR Neuronal networks PC15{
Cl 286 4 98.62 S y Machi bC101 8 y y
MI_P MD 4 256 9846 UppOI’t ECtOr dacnine ngéé E 0 100 2(')0PC23(')0 400 500 0 100 2(')0PC2‘35(')0 400 500
Total 290 260 0986 0971 Random Forest G251
AFOROteam C| 290 1 100 Naive Bayes pg;gg
protocol MLP  MD 0 259 99.62 PCi1 : A N "
in R Total 290 260 0998 0996 et Al AR A 4, yove
PC5- 0.51 0.51
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* Unique package inR.
» Both Elliptic Fourier and morphometric data. \i\]:l
 Better reconstruction of the mean otolith shape (1024 points).
e Starting point is not unified among works.

* Only Polar Coordinates.

* Meaning of coefficients is complex.

* (orrelation between |CC and discrimination.

ADVANTAGES VS. DISADVANTAGES

Both Elliptic Fourier and morphometric data.
 Both Polar and Cartesian Coordinates.
* Standardisation of images.
 Different levels of signal are available for the researcher.

* Visually more understanding.
[@ * R code not published.

 Online data from AFOROweb, slow option.
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Investigating Aphanopus spp. in
the Atlantic waters using otolith
contour: converging population INTRODUCTION

The black scabbardfish (Aphanopus carbo) and the intermediate

hyp0th eses scabbardfish (A. intermedius) coexist from the North to South Atlantic

waters. These sympatric species are landed as a single mixed resource
since no external differentiation is noticeable to discern both species.
In the past decade, a great effort was made into separating these two
scabbardfishes using both genetic and body morphometric analyses.
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METHODS AND WORFLOW
Classification and regression MADEIRA: 1,975 otoliths (1990, 2003, 2010
136 otoliths of Aphanopus | * 512 equidistant Cartesian coordinates training package caret (Kuhn, 2008) and 2021)
carboand A intermedivsfrom were extracted considering the rostrum was used: AFRICAN COAST: 547/ otoliths of from Morocco
mainland Portugal, Azores, as the origin. e Linear Discriminant Analysis. (2005 and 2006) and Mauritania (2007)
Madeira, Morocco, the Canaries * Stwavelet (Sadighzadeh et al,, 2014). * Quadratic Discriminant Analysis.
and Mauritania were genetically * PCA and components selection (Broken * Multi-layer Perceptron (MLP).
identified (Biscoito et al, 2011). stick model). * K-nearest neighbors.
* Regression between PC’ components and * Neuronal networks.
B o size,new PCA matrix. * Support Vector Machine. . e
E Resampling method: leave-one-out Ihg genetlcillxé |der;t|f|gfd dit]a Was used as
“. cross-validation (LOOCV) (Marti- IR o By el Une EIEAL
Figure 1 | Otoliths of Aphanopus carbo (A) and A. Puig et al., 2020). SUDSERCTaUd AN Ui i CANIEoZt

Intermedius (B). Otolith lengths: A, 7.6 mm; B, 10.0 mm.

Genetically Identified Individuals (GlI) ; Tracing Species Identification
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Figure 3 | Correlation of the most relevant PC components for the classification with normalized i Table 2 | Number (N) of otoliths and their respective mean and standard deviation (SD, in mm) classified as Aphanopus
distance of the 5" wavelet. | carbo (A. carbo) and as A. intermedius from Madeira (MD), Morocco (MO), and Mauritania (MA) based on genetic data.
Table 1 | Confusion/Error matrix (LOOCV) and classification accuracy of the Gll. i Location Year o A.carbo o A. Intermeaus
A. carbo, Aphanopus carbo. A. intermedius, Aphanopus intermedius. | N () Mean £ 5D (range) N (%) Mean £ 3D (range)
. \ Apianop . A. , APNaNnop - i 1990 260 (49.6) 8.85+0.65 (6.7 - 10.2) 264 (504) 8.85+0.67(5.5-11.1)
Prediction References Performance measures | MD 2005  255(51.6) 8.98+0.61(/5-10.9) 239 (434)  9.00 £ 0.59 (7.7 - 10.7)
A.carbo A.intermedius  Accuracy Kappa % Accuracy ! 2010  195(40.8) 8.76 £0.66 (/.5 - 10.6) 285(59.2) 8.7/2+0.65(/2-10.8)
A. carbo 6 9143 i 2021 231 (48.2) 8.66 £ 0.62 (6.7- 10.3) 248 (51.8)  8.73+£0.57 (7.5 - 10.3)
A. intermedius 6 90.90 i MO 2005-06 256 (61.2) 784 +1.02 (6.0 - 10.3) 162 (38.8) 794 +1.09 (6.0 -10.2)
Total /0 66 0.823 ! MA 2007 77(59.7) 6.81+£059(6.0-9.7) 52 (40.3) 6.81 £ 0.46 (6.0 - 7.7)
DISCUSSION Since A. /intermedius was detected in the 1990 samples from Madeira, the scientific community
should rethink the management of this resource and its distribution. A thorough revision of previous
1. Aphanopus carbo is widely recognized as the predominant species in the North published studies is also needed since they may contain mixed individuals/specimens of both

Atlantic, coexisting with A. intermedius from the northern distribution limit around Aphanopus species.

the Azores to the Western Sahara (Biscoito et al., 2011). In Madeira, these two species
were reported in a ratio of 80% A. carboto 20% A. intermedius (Delgado et al., 2013).

2. While it has been suggested that meristic characteristics could aid in distinguishing
between these two species (Biscoito et al., 2011), this approach comes with several
challenges related to sampling and conceptual aspects.

5. Like genetic studies, our research demonstrates that these species can also be
differentiated based on the shape of their otolith contours, as previously noted by
Tuset et al. (2013) using Elliptical Fourier Descriptors. This method yielded a
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