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Body morphometric characteristics and otolith shape described by elliptic Fourier descriptors
analyses were carried out on European anchovy (Engraulis encrasicolus) samples collected from six
locations in Algerian waters during the acoustic survey ALPEL2018 (south-western Mediterranean
Sea, GFCM-GSA04). The discriminant analysis was applied over twelve morphometric body dis-
tances and 31 normalized elliptic Fourier descriptors. It highlighted significant difference between
areas but with high overlapping. No significant difference was detected between males and females,
or right and left otoliths. Hierarchical clustering analysis conducted on the mean form of body and
otolith shape showed a clear geographical cline. The results indicate that the geographical trend is
present with a high level of overlapping between the near areas, suggesting that European anchovies

in Algerian waters are not completely isolated.
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INTRODUCTION

The European anchovy, Engraulis encrasico-
lus (Linnaeus, 1758), a clupeoid fish, is distrib-
uted along the eastern Atlantic coast from Scan-
dinavia to west Africa and is also found in the
Mediterranean, Black and Azov Seas (WHITE-
HEAD, 1985). This commercially important spe-
cies is usually consumed more salty than fresh
in Algeria. Stocks of this small pelagic fish are
very sensitive to variations in their ecosystem,
which makes their management for conservation
difficult and requires good knowledge of stock

structure. Fish populations can be grouped un-
der various characteristics: geographical areas
including environmental conditions, spawning
grounds, feeding areas and migrations. All of
these characteristics can recognize a population
structure in a fish species. However, fisheries
management, which is generally based on stock
units (basic concept), performs adequately when
the stock structure is known.

Fish stock discrimination has been measured
using several different methods. BEGG & WALD-
MAN (1999) and THSSEN e al. (1981) analysed dif-
ferent approaches to stock identification, and
recommended a holistic approach because the
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Fig. 1. Sampling locations of European anchovy, administrative subdivisions of Algerian coast (West, Center and East)

and position of the Almeria-Oran front (AOF)

integration of the results of each method used
provides information at the spatial (from local
to regional) and temporal (from daily to evolu-
tionary) scales. This work examines the popula-
tion structure of anchovy inhabiting the Algerian
coasts based on variations in otolith shape and
body morphometric characteristics. The study
of morphological characteristics to identify or
characterize the population has a long tradition
in ichthyology and has been used successfully
for stock identification (CLAUDE, 2008). Morpho-
metric characteristics are continuous character-
istics describing aspects of shape. The European
anchovy (Engraulis encrasicolus) has been the
subject of several body morphological studies
(JUNQUERA & PEREZ-GANDARAS, 1993; TUDE-
LA, 1999; TURAN et al., 2004; TRAINA et al., 2011,
BASCINAR, 2020).

Fish otoliths are an indirect means of study-
ing fish populations and assessing the relation-
ship between the environment and organisms
(LORD et al, 2012). Otolith shape analysis using
elliptic Fourier descriptors represents a precise
and powerful method for describing and charac-
terizing outlines (KUHL & GIARDINA, 1982). This

approach has been used in stock discrimination
studies of European anchovy by many scientists
in the Mediterranean Sea, especially in the north-
ern region (MESSAOUD et al., 2011; JEMAA, 2014;
KARAHAN et al., 2014; BACHA et al., 2014; ZENGIN
et al., 2015; BASCINAR & ATILGAN, 2016; KHEMIRI
etal.,2018; AKKUS et al., 2018; ERDOGAN et al., 2019).
Furthermore, studies on the structure of anchovy
are abundant on the northern shore of the Medi-
terranean Sea than the southern shore, and not by
a single approach but by others such as allozyme
(ERDOGAN et al., 2009) and genetic (BEMBO et al.,
1996; MAGOULAS et al., 1996; BOUCHENAK-KHEL-
LADI et al., 2008; VINAS et al., 2014; KARAHAN et al.,
2014) analyses.

The present study aims to investigate the stock
structure of the European anchovy E. encrasico-
lus based on body morphometric characteristics
and otolith shape throughout the Algerian coast
in the south-western Mediterranean Sea, to un-
derstand the stock structure of this small pelagic
species for fisheries management.
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Fig. 2. Measurements taken on Engraulis encrasicolus (PD: distance from the end of the muzzle to the beginning of the
dorsal fin; DC: distance from the beginning of the dorsal fin to beginning of the caudal fin; PC: between the two inser-
tions of the caudal fin; CA: from the caudal fin to the beginning of the anal fin; APV: distance from the beginning of the
anal fin to beginning of the pelvic fin; PVPC: distance from the beginning of the pelvic fin to beginning of the pectoral
fin; PPC: from the beginning of the pectoral fin to the tip of the mouth; DPC: distance from the beginning of the dorsal
fin to beginning of the pectoral fin, DPV: distance from the beginning of the dorsal fin to beginning of the pelvic fin;
DA: distance from the beginning of the dorsal fin to beginning of the anal fin; AC: distance from the beginning of the
anal fin to beginning of the caudal fin; DO: eye diameter; LT: total length)

MATERIAL AND METHODS
Study area and sampling

Samples of European anchovy were collected
at six locations in Algerian territorial waters in
the southwestern Mediterranean Sea between
35°05° N - 02°12° W and 36°56’ N - 08°38” E
(Fig. 1). The samples were caught with a pelagic
trawl during the annual acoustic survey ALPEL
(ALgerian PELagic) conducted between De-
cember 2018 and January 2019 with the research
vessel Belkacem Grine. Sea surface temperature
and salinity were measured continuously using
a thermosalinograph (Model SBE 21), and the
salinity-temperature profile was determined by a
CTD (Model SBE 25).

Sampling was conducted during the same
season to avoid a seasonal effect on the results
if it exists. A total of 407 specimens were col-

lected. Table 1 lists the sampling locations and
some biological aspects of the samples. The left
side of each fresh fish was photographed with a
ruler to obtain scale information using a digital
camera, then individually placed in plastic bags
and kept frozen (-20 °C) until transportation to
the laboratory. Otolith extraction and sex deter-
mination were carried out in the laboratory. The
number of individuals used in each analysis was
different, as damaged individuals and broken
otoliths were discarded.

Body morphometric

During the analysis, 12 morphometric dis-
tances were measured (Fig. 2). The network se-
lection of morphometric variables was made ac-
cording to the criteria of being easily repeatable
from one shape to another. The measurements
were obtained after image treatment using image
processing software.

Table 1. Summarized information on sampling locations and European anchovy samples from the Algerian basin

Sampling Code Date Depth  Surf  Surf Depth Depth Sample Range of TL Mean TL
Area Area T°c S%o T°c S8%o size (cm) (cm)
Ain ANT 20/12/2018 69.02 16.87 36.59 1647 36.96 60 74-156 12.5+0.18
Temouchent

Mostaganem | MOS 24/12/2018 69.5 16.63 3646 1626 37.29 69 7.6 -15.1 11.2+0.25
Tipaza TPZ 26/12/2018 41 16.83 36.57 16.63 36.62 76 11.1-17.8 12.6 +0.13
Bejaia BEJ 17/01/2019 40 15.64 36.78 15.58 36.87 60 9.6 -13.5 11.5+0.19
Skikda SKK 20/01/2019 558 14.60 3647 1582 3691 82 79-144 11.9+0.17
El Tarf ETF 21/01/2019 37 1534 36.84 15.75 36.93 60 84-145 99+0.25
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All measured characteristics were recalcu-
lated and standardized to eliminate body size ef-
fect following the method of THORPE (1975) and
LLEONART et al. (2000) for each fish as follows:

Y=Y, (XO/Xi)b

where, Y, is the size-adjusted measurement,
Y, is the original morphometric measurement,
XO is

the mean of total length for all fish from all
samples, X; is the total length of fish and the pa-
rameter b is the slope of the regression of log Y;
and log X; using all specimens.

The morphometric data were first analysed by
a multivariate analysis of variance (MANOVA)
to test the significance between sexes and areas
for the statistical analyses. In addition, stand-
ardized measurements were submitted to linear
discriminant analysis (LDA), useful for predict-
ing groups. The objective of this analysis was
to group the examined fishes into homogenous
groups according to their body morphometric
characteristics. The performance of the discrimi-
nant analysis was evaluated by the Wilk’s lamb-
da test. Finally, a hierarchical clustering analysis
was conducted on the mean of the morphometric
distances using Ward’ s hierarchical algorithm
based on Euclidean distances.

Otolith Shape

Subsequently, 392 sagittal otoliths (left and
right) were photographed under reflected light
using a camera connected to an Optika loupe.
The otoliths were positioned with the sulcus
acusticus facing downwards and the rostrum to

Multicolred line

the left. Only the right otolith was used in this
analysis, however, when the right sagittae was
damaged, the images of the left otolith were ro-
tated to a standard position using mirror image
software. Thus, 99 normalized elliptic Fourier
descriptors (NEFDs) or harmonics were extract-
ed using the TNPC software (Digital process-
ing for calcified structures, version 7.1) (Fig.
3). Each harmonic was described by four Fou-
rier coefficients, a Fourier power test was calcu-
lated and 99.99% of the accumulated variance
was adopted to determine the minimum number
of harmonics required to reconstruct the otolith
contour (CRAMPTON, 1995). The coefficients A,
B, C, and D derived from the first harmonic were
not considered because they formed an ellipse
without contour information.

For the data analysis, principal component
analysis (PCA) was applied to summarize the
information contained in the coefficients and re-
duce the number of variables according to the
broken stick model (ALMORZA & HORTENSIA-
GARCIA, 2008). Next, the influence of sex, side
and area were tested using redundancy analysis
(RDA) combined with permutation tests. Again,
LDA was applied. Finally, hierarchical cluster-
ing analysis according to Ward’ s hierarchical
algorithm based on Euclidean distances was per-
formed on the averages of the normalized Fou-
rier descriptors (NEFDs).

All statistical analyses were performed us-
ing the statistical environment R version 3.6.1
(R Development Core Team, http://www.R-pro-
ject.org) with the following packages installed:
MASS (RIPLEY et al., 2013), ade4 (DRAY & DU-
FOUR, 2007), vegan (OKSANEN et al., 2013) and gg-
plot2 (WICKHAM, 2016).

1 mm

—_—

Fig. 3. Images of right sagitta from European anchovy (E. encrasicolus), a: otolith with the multicolored line representing
the contour, b: binarized image of the otolith produced with TNPC
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RESULTS
Body morphometric

The results of the multivariate analysis of
variance (MANOVA) applied to study the sig-
nificance of sex factor on body morphometric
variables show no sexual dimorphism in any
of the samples (Wilks’A=0.97, P>0.05). How-
ever, the results reveal significant differences
between the six areas samples (Wilks’A=0.27,
P<0.05). The first two discriminant functions,
represent 85% of the total variance (Fig. 4).
The LDA performed with these data revealed an
unclear separation of anchovies on the Algerian
coasts. The first function seemed to separate Ain
Temouchent and Mostaganem from the other
areas according to morphometric characteris-
tics. Two main groups can be distinguished: the
first group included samples from the western
and central areas, except for Ain Temouchent,
the second group included the sample from the
eastern area (Bejaia, Skikda and El Tarf) and the
west coasts (Ain Temouchent) (Fig. 4).

The overall assignment of individuals in
their original sample by LDA is 53.6% (Table
2), ranging from a high of 80% (Tipaza) to a
low of 40% (Ain Temouchent). The proportion
of individuals correctly classified in their initial
samples reveals an intermingling between the
samples of Bejaia (50%), Skikda (46%), and El
Tarf (43%). The results of the hierarchical clus-
tering analysis performed on the means of mor-
phometric characteristics indicate that Bejaia,
Skikda, and El Tarf are grouped in the same

LD2 (13.8%)

‘ LD1 (71.2%)
Fig. 4. Discriminant analysis plot with
ellipses for morphometric analysis of E. encrasicolus

95% confidence

cluster and Ain Temouchent with Mostaganem.
Tipaza samples are distinguished from the other
samples (Fig. 5). The results (except Tipaza)
were related to geographical location.

[
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Fig. 5. Hierarchical clustering analysis conducted on
centroids of body morphometric distances of E. encra-
sicolus

Otolith shape

The results of the Fourier analysis indicate
that the otolith shape of anchovy can be summa-
rized by 31 harmonics that reached a value equal
t0 99.99% of the average cumulative percentage
of Fourier Power. Thus, 124 Fourier coeffi-
cients were used for data analysis. Redundancy

Table 2. Percentage of individuals of European anchovy reclassified in each group in the linear discriminant analysis

based on body morphometry

Original group

Re'zlrl(‘)’ﬁ;t"’“ ANT MOS TPZ BEJ SKK ETF
ANT 40 20 1.7 18.3 10 10
MOS 10 61.7 15 5 1.7 6.7
TPZ 1.7 10 80 5 1.7 1.7
BEJ 15 1.7 1.7 50 15 16.7
SKK 8.3 5 5 18.3 46.7 16.7
ETF 15 1.7 6.7 8.3 25 433
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Table 3. Percentage of individuals of European anchovy reclassified in each group by LDA based on otolith shape

Original group
Re-allocation ANT MOS TPZ BEJ SKK ETF
group
ANT 12 25 30 2 18 14
MOS 7 45 2 0 16 ’
TPZ 9 20 38 0 26
BEJ 6 16 35 4 ! i
SKK 9 15 16 1 48 12
ETF 2 4 > 0 28 o

LD2 23%)

© LDI(67.2%)

Fig. 6. Discriminant analysis plot with 95% confidence
ellipses for otolith shape analysis of European anchovy
(E. encrasicolus)

analysis (RDA) combined with permutation
tests of both otoliths show no significant differ-
ence between right and left otoliths (P>0.05),
between males and females. For this purpose, as
the left and right otoliths of anchovy were com-
parable, 285 right otoliths and 107 left otoliths
were combined in this study. However, a signifi-
cant difference can be observed between areas
(P<0.05). The first five PCs are significant, as
determined by the broken-stick model; they
explained 82.2% of the total variance.

The result of the LDA conducted to discrimi-
nate anchovy between areas shows a low correct
classification rate of 36.4%, indicating that the
majority of groups were not clearly differenti-
ated (Table 3). The first analysis of discriminant
functions explains 67.2% of the total variance
and the second 23%. The combined explained
variance across axes 1 and 2 is 90.3%. The
LDA reveals a separation between two groups.
Despite the considerable overlapping among the
samples, it can be noted that the western and
central samples (Ain Temouchent, Mostaganem,
Tipaza, and Bejaia) are slightly segregated from

|

Bejaia ——
Tipaza

Eltarf T
Skikda 4‘

A temouchent
Mostaganem

Fig. 7. Hierarchical clustering analysis on centroids of
NEFDs of European anchovy (E. encrasicolus)

a group formed by the eastern samples (Skikda
and El Tarf) (Fig. 6). In the second group, sam-
ples from the extreme east (El Tarf) seem to
form a distinct group, with 61% of specimens
correctly classified.

The hierarchical clustering analysis shows a
clear geographical cline. The groupings are con-
sistent with the location of the area from west to
east of the Algerian coast (Fig. 7). In the west,
Ain Temouchent is grouped with Mostaganem
in the same cluster, the second is formed by
central areas (Tipaza and Bejaia), and the east-
ern samples (Skikda and El Tarf) are clustered
together.

DISCUSSION

This study aimed to study the shape whether
body or otolith to structure the population. It was
conducted on samples of European anchovy (En-
graulis encrasicolus) caught in Algerian waters.
The 95% confidence ellipses in the discriminant
analysis of all samples overlapped and were not
clearly distinct for the two approaches, indicat-
ing a low level of morphological heterogeneity.
No significant differences in body morphomet-
rics and otolith shape were observed between
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males and females. The LDA groups samples
from Ain Temouchent, Mostaganem, Tipaza in
Group 1, and Skikda and El Tarf in Group 2.
However, for Bejaia, body morphometry analy-
sis classifies the samples with the first group.
With otolith shape analysis, they have an affinity
with the second group. A comparison between
the body and otolith shape study conducted on
the Pacific sardine, Sardinops sagax by VERGA-
RA-SOLANA et al. (2013) indicates that the otolith
shape is the least variable compared to the body
shape. For the hierarchical clustering analysis,
the geographical trend is apparent. Whatever the
approach, neighbouring areas were grouped in
the same cluster.

Morphometric differences in European an-
chovy in the eastern Mediterranean, including
the Black and Aegean Seas, are related to differ-
ences in spawning grounds (TURAN et al., 2004).
The effects of some environmental factors on
spawning groups may determine the potential
phenotypic discreetness of the anchovy (SANZ et
al.,2008). From an oceanographic perspective, the
Algerian coasts are characterized by a complex
circulation pattern (MILLOT & TAUPIER-LETAGE,
2005). They belong to two basins separated by
the Almeria-Oran Front: the eastern Alboran Sea
and the Algerian basin (BENZOHRA & MILLOT,
1995; PUILLAT et al., 2002). Numerous studies have
suggested that the Alboran Sea population is ge-
netically distinct from the Mediterranean popu-
lation (VINAS et al., 2014; BOUCHENAK-KHELLADI
et al., 2008), and suggest that the Almeria-Oran
front is considered a barrier for anchovies. The
same results were found by BACHA et al. (2014) us-
ing the otolith shape approach and indicated that
samples from the Alboran Sea differ from other
Mediterranean samples.

However, AKKUS et al. (2018) combined sam-
ples from previous otolith shape studies and
identified 3 differentiated groups (north-western
Mediterranean, eastern Mediterranean- Black
Sea, and Atlantic- south-western Mediterranean
Sea) that include our study area. Overall, the Eu-
ropean anchovy reveals a complex population
structure that has produced conflicting results
in previous genetic studies (BACHA et al., 2014).
Our sampling does not define the Almeria-Oran

front effect, as samples from Ain Temouchent in
the Alboran Sea are closer to those from neigh-
bouring areas such as Mostaganem and Tipaza
in the Algerian basin. Another interesting result
was obtained by BOUCHENAK-KHELLADI et al.
(2008), and it is relevant for the present work.
The authors found an intermediate form using
the genetic approach between E. albidus and E.
encrasicolus, indicating a possible hybridization
in eastern Algeria. For this study, the results of
the LDA conducted on otolith shape indicate that
the El Tarf samples are distinct from the others,
considering the sampling location near the estu-
ary and in inshore. Furthermore, the presence of
the newly described species E. albidus cannot be
excluded because although the primary habitat
of this species is restricted to the lagoon, estuar-
ies, E. albidus can live inshore in coastal marine
waters (BORSA et al., 2004).

The results of the morphological studies in-
terpret the interaction between aspects of species
biology (aggregation, migration) and ecological
and environmental aspects. [HSSEN et al. (1981)
noted that phenotypic variability is particularly
high in fish, and is not necessarily associated
with high genetic variability. The total isolation,
e.g., in the reproduction sense, may not neces-
sarily be absolute. Nevertheless, assuming that
morphological and ecological divergence are
affected by the environment, it can be assumed
that a significant fraction of each group spends
its life in distinct regions. Hydrographic condi-
tions may explain the origin and maintenance
of the population structure in several species
(SPANAKIS et al., 1989). However, integration of
morphometric information with other approach-
es, such as analysis of life-history parameters,
otolith chemistry, or genetic data, is essential for
efficient stock identification (BEGG & WALDMAN,
1999; CADRIN, 2014).

CONCLUSIONS

This paper investigated the population struc-
ture of anchovy distributed along the Algerian
coast based on variations in otolith shape and
body morphometric characteristics. The sam-
pling results at a small geographic scale (Alge-
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rian coast) indicated that the geographic trend is
present with a high level of overlapping between
the near areas. Therefore, it can be suggested
that European anchovy in the Algerian waters
exists as semi-independent but not completely
isolated. Body and otolith shape can be useful if
the genetics and spawning areas are adequately
understood. These approaches may provide dif-
ferent results, but additional information on the
population structure is needed because the set of
each characteristic and the associated method-
ology are linked to specific aspects of the stock
definition.
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Morfometrija tijela i analiza oblika otolita in¢una (Engraulis
encrasicolus (Linnaeus, 1758)) u alzirskom bazenu
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SAZETAK

Morfometrijske karakteristike tijela i oblik otolita opisane elipti¢kim Fourierovim deskriptorima
analize su provedene na uzorcima europskog in¢una (Engraulis encrasicolus) prikupljenim sa Sest
lokacija u alzirskim vodama tijekom akusti¢kog istrazivanja ALPEL2018 (jugozapadno Sredoze-
mno more, GFCM-GSA04). Diskriminantna analiza primijenjena je na dvanaest morfometrijskih
udaljenosti tijela i 31 normalizirani elipti¢ki Fourier deskriptor. Naglasena je znacajna razlika izme-
du podrucja, ali s velikim preklapanjem. Nije otkrivena znacajna razlika izmedu muzjaka i Zenki,
odnosno desnog i lijevog otolita. Provedena hijerarhijska klasterska analiza srednjeg oblika tijela i
oblika otolita pokazala je jasnu geografsku klinu. Rezultati pokazuju da je geografski trend prisutan
s visokom razinom preklapanja izmedu obliznjih podrucja, Sto navodi da europski in¢uni u alzirskim
vodama nisu potpuno izolirani.

Kljuéne rijeci: Morfometrijske karakteristike; oblik otolita; inéun; Alzir
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