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The European anchovigngraulis encrasicolykinnaeus, 1758) is a small pelagic fi
found in the eastern Atlantic, the Mediterranean Sea and the Black Sea. Aného
encrasicolusare among the important finfishes harvestéd Moroccan coasts. The
stock structure of European anchovy in NW Afigcaot truly known (FAO, 2013)o
effectively manage the anchovy fisheries, it is important to understand the anct
stock structure. Therefore, discriminant function analysis (DFA) based
morphometric characters was conducted on a total of 204 adotthovy specimens,
seasonally collected by commercial fishing vessels from the region of Mehdia il
b2NIK !'GfFydiAd I NBF FYyR FNBY {(GKS NB:
the year 2019. Body shape variation, which is often environmentatlycied, may
provide a goodecord population structuringOur data were subjected to univariate
statistics of variance (ANOVA) by using SPSS 20 software version. The morphc
characteristics show a separation of two stock&n§raulis encrasicolletween the
two localities. These findings will have major implications for anchovy fishe
management in Morocco.

Introduction

Long time ago, fishing has been a major source
food for humanity and a provider of employment an
economicbenefits. They have become an increasin(
dynamic sector of the word of food industry, with mar
states striving to take advantage of the ne
opportunities that the sector presents in response *
growing international demand for fish and fishel
products. (FAO, 2007). In 2018, total global captu
fisheries production reached the highest level ev
recorded at 96.4 million tones, an increase of E
percent from the average of the previous three yea
(FAO, 2020). The increase in 2018 was mostly drivel
marine capture fisheries, whose production increas:

from 81.2 million tonnes in 2017 to 84.4 million tonne
in 2018, while catches from inland captures al
recorded their highesever catches, at over 12 milliot
tons (FAO, 2020).

Accurate stock determin&in is essential for
achieving sustainable and productive fisheries (Kritze
Liu,2014){ G201 ARSYGAUOlIGAZY
2F UaKSNASA a0ASyOs Ayo:
lifehistory studies (lhssen et al.,, 1981; Templem:
1982; Kunpf et al., 1987; ICES, 1996; Pawson ¢
Jennings, 1996; Begg et al., 1999). Stock identifica
employs many  tools such as genetir
andmorphometricto discriminate stocks (Cadrin
2000). In traditional morphometry, the analysis
distant features obtaied by image processing
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techniques is used for identification (Cavalcanti et ¢
1999). Fisheries constitute an economic sector of pril
importance in Morocco, with capture fisherie
production at around 1.4 million tonnes in 2017 (INR
2017). Small petic fisheries occupy a very importar
place in the fishing sector in Morocdb.extends over
the Moroccan continental shelf, Atlantic an
Mediterranean and targets the main resources
smallpelagiccomposed by sardines, anchovie
mackerel, horse mackel andSardinella These species
are characterized by significant horizontal and vertic
YAINI GAZ2Y Ay O2Fadlt o0
winter between 100 and 180 m deep, sometime
captured up to 400 m. In Morocco, anchovy fisheries
very impatant and are one of the principal targe
species for commercial fisheries. This specie occ
crucial positions in upwelling regions where are
essential element of food chain (Bakun, 2006). Anchu
is a species distributed over a large area of distidryu
It is spread throughout the eastern Atlantic from th
O2lada 2F GKS b2NBlLe y2I
' FNAOI o6Ho ¢ {0® LG A&
Channel and North Sea. This species is also pre
throughout the MediterranearBasin including the Blacl
Sea and the Sea of Azov (Ba, 1989). Anchovy fishir
Morocco is known as sporadic and random fishir
Catches vary from one year to another, particulal
because of the geographical distribution and behavior
schools that areot always accessible to seiners and tl
environmental variability that determines the
abundance of this species. Morphometric characters :
very useful to describe the population structure ¢
fishes.However, in Morocco, this technique has ni

Y‘ZDI‘O"W 7“0'[0"W 6“30.'0"W G“O'.G"W

been appledin fisheries research to discriminat
between fish stocks. The main objective of this study
to use for the first time the morphometric approach t
discriminate the stock oEngraulis encrasicolua the
North of Atlantic and Mediterranean Moroccanasts,
in order to assess the status of this precious resou
and contribute to develop a plan for bette
management.

Materials and Methods
Sampling andStudy Areas

A total of 204Engraulis encrasicoluspecimens
were randomly collected from the region of Mehdia |
GKS b2NIK !'GflydAaAO I NBI
the Mediterranean Sea by the purseiners during the
year 2019 Figurel). Following the capture, sample
were placed individually into plastic bags and were ke
deepfrozen tHn ¢/ 0 dzy GAf G NJ
laboratory.

Digitization of Samples

Sampled specimens were cleansed in runni
water, drained and placed below graduated ruler,
which was used for calibrating the coordinates of tt
digital images. Each individual was labeled with
specific code for identification. Digital images of the I¢
side of each specimen were captured by keeping 1
same distance betwae the camera lens and the
individual of the sample. These images allow to provi
a complete archive of body shape and repeat of t
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Figure 1.Sampling locations of ancho@ngraulis encrasicolus the Atlantic and Mediterranean coast of Morocco.
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measurements when necessary (Cadrin and Friedls
1999). Then fish were dissected for macroscoj
examination of their goads.

A total of 12 morphometric characters wer
measured in this studyHgure2), including: Head lengtt
(HL), Body height (H), Pectoral length (PecL), Pe¢
length (PelL), Dorsal length (DL), Anal length (AL), |
length (FL), Total length (TL), Muzdelorsal fin (MD),
muzzle to the head (MH), from Muzzle to Pectoral
(MPec), from Muzzle to anal fin (MA). The extraction
distances from the digital images of specimens w
conducted using a softwares: tpsutil, TpsDig2 v:
(Rohlf, 2006). All measements were transferred to a
spreadsheet file (Excel 2007).

Multivariate Data Analysis

Size dependent variation was corrected |
adapting an allometric method as suggested by Elli
etal. (1995:

Magi=M (L¢/ Lo)®

Where:

M is the originameasurement;

Madj is the size adjusted measurement

Lo the standard length of the fish

Ls the overall mean of standard length for all fi
from all samples in each analysis, and b estimated
each character from the observed data as the slope
the regression of logM on logolusing all fish from each
group. The results derived from the allometric methc
were confirmed by testing the significance of tt

correlation between the transformed variables an
standard length (Turan, 1999).

Nonparametric analyss were performed to
evaluate the differences of characters at the populatic
level.

Chisquareanalyses and&ruskakkWallistest were
used to analyse the effects between zones on t
morphometric characters (Zar, 1984). Indeed, tl
KruskakkWallis tests he significance of the
discrepancies observed in a multivariate analy
between two groups of individuals for a set ¢
dependent variables (Everitt and Dunn, 199:
Discriminant analyses, based on Mahalanobis distant
were used to find the differencesebwveen zones and
identify the morphometric characters. Statistic:
analyzes of morphometric data were performed usil
SPSS software version 20.

A nonmetric multidimensional scaling methot
(nMDS) was applied to visually assess the difference
morphometic parameters between the studied zone:
Similarity matrices were constructed based on Rra
[ dzZNIA&aQ &AYAL I NR UG &dmensionak
location to each group and calculates the distanc
between groups. These analyses were performed us
PwL a 9vét

Results

Tablel shows descriptive data for the sex rati
mean length and standard deviation and length range
sampled specimens from the two studied zones (Meht
'y R a QMRdnljvalues are given with standar
RSOAL GA2Y temgih,dH, boflysheighitS Pe&l

Figure 2.Morphometric variables measured on the bodyEafgraulis encrasicolu$L, total length; FL, fork length; HL, head lenc
H, body height; PeL pelvic length; PecL, pectoral length; AL, anal length; DL, dorsal length.

Table 1 Descriptive data dEngraulis encrasicoluis the study areas, with sample size (N), range, mean and standard deviatic

(SD) of standard length (SL) and total weight.

Sample N Male Female SL range (cm) aSly {[ 00 Total weight ()
aQRA |j 84 28 56 10.86,14.92 12y MOEO4 HHOAME N O
Mehdia 120 65 55 8.8%13.84 MMPLEIPpH MT ®nnnpnd




