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ABSTRACT

The fecundity of the Seabream from the western Mediterranean (Algerian coast) was assessed by the volumetric method
using 22 ovaries from females between 169 and 263 mm total length (206.62 + 19.93). Estimates of total potential annual
fecundity varied between 19875 and 49125 oocytes per female (29448.86 + 8198.12). Relationships between total potential
fecundity (F) and total length (Lt), total weight (Wt), gonad weight (Wg) were established using the multiplicative regression
model and a significant correlation was found (ANOVA: P<0.01).

Key words: Marine fisheries; Sparidae; Fecundity; Oran bay.

RESUMEN

Se evaluo la fecundidad de la dorada del Mediterraneo occidental (costa argelina) mediante el método volumétrico utili-
zando 22 ovarios de hembras entre 169 y 263 mm de longitud total (206,62 + 19,93). Las estimaciones del total de fecundidad
potencial anual varian entre 19.875 y 49.125 ovocitos por hembra (29448,86 + 8198,12). Las relaciones entre la fecundidad
potencial total (F) y la longitud total (Lt), peso total (WT) y peso de las gonadas (Wg) se establecieron mediante el modelo
de regresion multiplicativo obteniendo correlacion estadisticamente significativa (ANOVA: P <0,01).

Palabras clave: pesca maritima,; Sparidae; fecundidad; Bahia de Oran.
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INTRODUCTION

Knowledge of the fecundity of a species is an important
factor in fish stock management. The fecundity-size
relationship has been used principally as a rapid means
of predicting the fecundity of fish stocks when the length
distribution is known (Dulcic et al., 1998). Variations
seen from year to year, and over decades, reflect the
amelioration or deterioration of the habitat in relation to
the individual fish (Nikolskii, 1969).

Pagellus acarne is a widespread species in Africa,
Europe, the Mediterranean and Black Sea and very
frequent on the western Algerian coast (Fig. 1). It is often
caught at depths ranging from 350 to 500 m (Fischer et
al., 1987), by trawl or trammel net, fishing techniques
very used in this region (Lalamy, 1979; Kadari, 1984).

Studies on P. acarne focused on it’s reproductive
biology, growth, age, population dynamics (Arculeo et
al., 2000; Domingez, 2000; Pajuelo & Lorenzo, 2000;
Neves Santos et al., 1995; Coelho et al.,2005; El Oumari
et al.,2011) but few data are available on the it’s fecundity;
Alboran sea, Atlantic (Velasco et al., 2011), Atlantic
(Mauritanian and Moroccan coasts) (Le Trong-Phan &
Kompowsky, 1972; Lamrini, 1986). Also no data are
available for that species in Algerian waters. This paper
presents the first results on the total potential annual
fecundity (Considered as the total number of developing
oocytes potentially capable of being released in the
current spawning season) of seabream from Oran bay in
relation to total length, total weight and gonad weight.

MATERIALS AND METHODS

Samples of P. acarne, n=892; 272 males (29.92%);
347 females (38.17%); 208 indetermined (22.88%) and 65
hermaphrodites (7.15%) were caught by trawlers between
April 2007 and July 2008 and only 22 mature females
(stages III and IV) were taken for fecundity estimation.
The sex of individuals was determined macroscopically
after opening the abdominal cavity and stages of maturity
were classified as follows (Holden & Raitt, 1974): I,
immature; 11, resting; 111, ripe; 1V, ripe and running; V,
spent. Total length (L) was measured to the nearest mm,
total weight (W) to the nearest g and gonad weight (W,)
to the nearest 0.01 g.

For fecundity estimates, the volumetric method
was employed, ovaries were labeled and dropped in
Gilson’s fluid, a preservative and dissociative solution
(100 ml 60% alcohol, 800 ml water, 15 ml 80% nitric
acid, 18 ml glacial acetic acid, 20 g mercuric chloride)
(Stéquert & Ramcharrun, 1995 ). The ovaries were shaked
periodically to help loosen the ovarian tissue and ensure
rapid penetration of the preservative. After 48 hours in
preservative, the eggs can be completely liberated from
the tissues by vigorous shaking (Holden & Raitt, 1974).
Eggs were cleaned and put in a measuring cylinder and
made up to a known volume with water.

Subsamples were then taken by shaking the container
until all the eggs are evenly distributed through the water; a
subsample of known volume was picked-up with a Stempel
pipette (Holden & Raitt, 1974), and the number of eggs in

ALGERIA

Figure 1: Sampling zone
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Figure2:

Relationship of total fecundity (F) to: A, total length (Lt); B, total weight (Wt); and C, gonad weight (Wg) of P.acarne females fished in Oran Bay.

the subsample was counted with a Dollphus box under a
binocular microscope (Gx16). Only oocytes with diameter
between 300 and 800 um were considered as mature.

22 females were taken for fecundity (F) estimation.
The degree of association between F with total length (L)),
total weight (W,) and gonad weight (W,) was assessed by
the coefficient of determination (r?); statistical significance
level was estimated with a one-way analysis of the
variance (ANOVA) using STATISTICA 6.0° software.

We used the multiplicative regression model (y = ax®)
modified with the logarithmic function then measures
were log-transformed in order to eliminate any effect
of ‘scale’, to keep relations linear and their variances
comparable. The equation can be expressed as:

Log F=b Log X+Log a, where X is L,, W, or W,

a is the intercept of the regression and b is the regression
coefficient.
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Table 1:

Relation between absolute fecundity (F), total length (Lt), total weight (Wt) and gonad weight (Wg) of Pagellus acarne fished in Oran bay (Algeria).

Relationship Equation r’

Fvs Lt kot jjg;og‘;fz%s; 1514 16 955
F vs Wt Log F]::B;ggszf%V\g%g 2.959 0.905*
Fvs Wg Log F ;(150852150\%[\07&2[8; 4.193 0.925%

*: significant relationship (ANOVA: P < 0.01).

RESULTS AND DISCUSSION

The 22 individuals sampled ranged from 169 to 263 mm
L, (206.62419.93); from 63.5 to 234.2 g W, (109.98+37.57)
and from 1.23 to 6.09 g W, (3.06+1.2). Potential fecundity
(F) ranged from 19875 to 49125 (29448.86 + 8198.12) this
important value of SD can be explained by the biometric
variation of the specimens. Added to this, the volumetric
method is subject to considerable bias because it is very
difficult to get all the eggs evenly distributed throughout
the measuring cylinder (Holden & Raitt, 1974).

Table 1 and Fig. 2 show the relationships between total
potential fecundity and total length, total weight, gonad
weight obtained from the application of the multiplicative
regression model.

Knowledge of fecundity is regarded as an important
contributor in understanding stock dynamics and
obtaining basic biological information for use in stock
assessments. Estimated fecundity for P.acarne of Oran
bay was compared to other results found in the literature

(Table.2).
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Abstract

Peri-urban areas are very important in the geographical structure of the city, a boundary for urban sprawl,
diversifying the territory and its landscape, creating continuity. These areas constituted a problem to
geographers and statisticians who wished to assign them contours. The delimitation of peri-urban areas is indeed
difficult and must combine geographic, urban, economic and human parameters that might render account of a
movement that affects almost all areas. Our approach is a contribution to the use of simple and rapid decisions
as a tool for the characterization of natural space in the suburban town of Sidi Bel Abbes. It is based on a
diagnosis of the current situation in this municipality. The study allowed us to identify 106 natural areas in a
suburban area of over 3969.36 hectares. Despite their spatial importance, these areas remain largely forgotten;
It is therefore necessary to know their functions, developments and potential in order to keep the suburban

biodiversity.

* Corresponding author.
E-mail address: btlotfi77@yahoo.fr.
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1-Introduction

Although cities are by definition the field of human, nature has also its place. The human being causes
permanent changes in its environment to satisfy their basic needs, and has therefore an impact on the natural
environment artificialized [6]. Natural spaces can help people to feel as responsible citizens in their city and its
environment, since they are very important to the geographical structure forming a boundary for urban sprawl,
diversifying the territory and its landscape, creating continuity [7]. These areas often welcome, generally
involuntarily, populations who have difficulty finding venues for their activities in the rest of the urban area.

Peri-urban natural areas become a necessity and a priority in view of advantages they bring to our cities [2].

Our present study has as an objective the diagnosis of peri-urban natural areas in the town of Sidi Bel Abbes, to
deduce subsequently the crucial role it plays in the ecological balance of our city, knowing that the said town

occupies the central part of a vast plain, recognized as the most fertile agricultural areas of the province.

2. Study area

The plain of Sidi Bel Abbes (Figure 1) is situated between Jebel Tessala in the north and the mountains of Daya
in the south. It is isolated from the marine influence by the imposing barrier of Tessala-Beni Chougrane. It has a
continental Mediterranean climate, with low rainfall and strong temperature variations, summer storms are the

dominant features [1].

2.1 climate

The plain of Sidi Bel Abbes, is at a470mof altitude. It is almost closed north east at the junction Tessala-Beni
Chougrane. The plain of Sidi Bel Abbes therefore has a semi-arid continental Mediterranean climate,
characterized by drought, high temperature differential and summer storms, are the dominant features. The
climatic characteristics of Sidi Bel Abbes town were established from the meteorological station of Sidi Bel
Abbes [3].

2.1.1 Pluviometry

The pluviometric data for the period 1988-2005 showed that precipitation remain in their average at 400mm.The
dominant seasonal pluviometric type is the HPAE. The average volume of annual rainfall is around 1.6 billion

cubic meters, often badly distributed in space and time with very significant agronomic impacts [4].

2.1.2 Températures

Temperaturesare characterized bya significant increasein the summer,and a flagrantdecreasein winter,
especiallyduring the night.The coldestmonths are usuallyJanuary and February,during which theaverage annual

temperaturesvarybetween 0.4 and14.2 °C.The warmestmonth isAugust,where the average annualtemperature
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variesbetween a minimum 0f26,6C°and a maximum 0f34,8C°.Winter ischaracterizedby a decreasein

temperature betweenNovember and April, frostsareto fear in this period too.The following tableshows the

averagetemperatures ofthe town of SidiBel Abbesfor a period of17 years [4].
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Figure 1: Geographical position of the study area (Sidi Bel Abbés-Algeria). Source [3].

2.2 Environmental characteristics
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Figure 2: Average monthlyrainfallin17 years in Sidi Bel Abbes town (1988 to 2005) [4]
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Figure3: Average monthly temperature for the period (1988-2005). Source [4]

2.3 Soil

Regarding soils in semi-arid regions. These are made of materials from the alteration of sandstone or limestone
torn from surrounding landforms. These soils are thin and contain low organic matter content, (Aubert, 1960).

The rocks are calcareous and make difficult the differentiation of soils [4].

2.3.1 Main soil types

= Alluvial soils in the valleys of the wadi Mekerra. On average, deep soils occupy about 30% of the plain of
Sidi BelAbbes.

= Limestone crust soils in the high steppe plains (90%of the area), also in the alluvial plains of Sidi Bel
Abbes. Limestone crust is more or less hardened and variable depth, depending on the local terrain.

= Limestone crust soils in the high steppe plains (90% of the area), also in the alluvial plains of Sidi Bel
Abbes. The limestone soils whose importance varies from one area to another, 40% in the plains of Sidi Bel
Abbes, 70% in the high plains and mountains of Telagh and Beni Chougrane, and 90 to 100% in the

Mountains of Tessala [1].

2.3.2 Land use in the town of Sidi Bel Abbes

Urban sprawl changed the image of the city. We now accept that the expansion of cities cannot be stopped, and
the solution is to control the expansion of cities, so that they will be synonymous of economic growth and

satisfactory environment. In this context, the creation and conservation of peri-urban natural is necessary [5].
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Indeed, the town of Sidi Bel Abbes had a population in the order of 88632 inhabitants in 1966 to attain 204181
in 2008. The forecast for 2015 estimates the population at 305,000 inhabitants. The city of Sidi Bel Abbes is a
confirmed regional pole with a strategic position in the region, dense communication network with great

economic, commercial and industrial potentialitiesto exploit [5].

The analysis of the general distribution of land, revealed that the vegetation cover occupied only3% (221 ha) of
the total area, against 36% reserved for built-up land, and more than half of the total area of the municipality,

4243 ha was represented by bare land [5].

Table 1: Soil classification according to their agro-soil potentials [1].

Class Surface Classification criteria Pedological suitability Localization
(ha)
- Alluvial soil high organic | -Intensive arboriculture. - South-West of SBA.
matter content. - North-East and South of
Classl -Rooting depth greater than Sidi Lahcéne.
High 3.563 | 80cm.
potentiality - Low Slope 0f0-3%
-Location of ground water at
shallow depth.
-brown Soil with the presence | -shallow rooted culture -West and South-East of
of limestone elements. -tracing root System: SBA municipality.
Class2 -Rooting depth between 60 apricot, plum, -North of Amarnas
Good and 80cm. Peche, grapes municipality.
potentiality | 6.945 | -Slope of 3 to 5%. Periphery of Sidi Brahim.
-South of Tilmouni
municipality.
Ground with light limestone | -Cereals, forages on a low | -West of Sidi Lahcéne
Class3 crust. slope -¥, of Sidi Brahim and
Average | 19.730 | Rooting depthless than -rustic viticulture on a Zérouala municipalities.
potentiality 30cm.Brackishwaterpresence. | medium slope -South of Amarnas
-Oleiculture. -West de Tilmouni.
- calcimorphic soils on soft -Reforestation North of Tilmouni Sidi
Class4 rocks or shallow Rendzines. | -Rustic apiculture Lahcéne municipalities
Low 6.760 | -Slope more than 8%. Northeast and Southwest of
potentiality - High porosity. Zérouala.
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Figure4: Map showing soil classification in the town of Sidi Bel Abbes. Source [8]

4. Material and Methods

The methodological approach was done following this steps:

First step: we considered important to begin our study with data collection concerning the town of Sidi Bel

Abbes, by contacting state agencies responsible of management and planning of land use.

Second step: a survey on land was necessary on one side to get closer to land realities, and to confirm or refute
the data collected, and on the other hand, to adapt the same data, to the objective of our study, which is

characterization, and conservation of the natural suburban areas of the town of Sidi Bel Abbes.

Third step: cartographic representations of our results.

4.1 Data Collection

For the purposes of this study, we investigated, with the various departments concerned, which are:

1. The Cadastre,
2.Urbat,

3. The environment directorate,
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4. The agricultural services directorate of the wilaya of SBA (DSA)

5. The delegation of agricultural services at Municipality of SBA.
5. Results and discussion

After the achievement of several investigations in the field and on the basis of information collected from
municipal delegates of agricultural services of the wilaya of Sidi Bel Abbes we realized that our study was
represented by 08 main areas including a number of suburban areas.

Table 2: Representation of the different agricultural domains [8].

Domain Localization Soil nature Activity
Salah North and North-West Alluvial soil
Hassen South and South-West | brown calcareous+
alluvial soil
Khalladi West Market gardening
Taher Moustache | West et south-west
Kheireddine west
Abd Es Samad East brown calcareous Cereals
Ibn eTorki North and North-East Cereals et Forage
Naama North Cereals and Market gardening

The surface of areas studied varied from 1hato 167ha, which will allow us to classify them;

Ibnettorki N
16,89% Namaane
17,39%

Abdessamade

12,76%
Salah 17,69%
Hassen 4,68%

— Kheiredine

Taher 9,22%
moustache Khalladil4,69
6,8% %

Figure5: Classification of domains according to the area occupied [9].

Peri urban spaces of Sidi Bel Abbes town are agricultural and are mainly represented by collective farms and

individual ones. They are usually employed in most, by cereal crops, market gardening and fruit growing.
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carts des classification des sols

SIDI LAHCENE

Figure 6: Map of collective and individual farms [5].
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AIN THRID
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Figure 7.Map of cultures carried out by exploitation [5]
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These agricultural areas represent a considerable challenge for the community in general, and the city in
particular. They welcome important economic activities and play a role in the social balance of the city. Also

represents places of oxygenation for urban residents in contact with the nature and rural areas.

However, the aggression of these urban agricultural areas, in the case of the city of Sidi Bel Abbes, caused by

the constant urbanization accelerated their destruction, generating the following consequences:

= The weakening of ecosystem functioning.

= The irreversible loss of values of large agricultural lands.

= The destruction of natural habitats, hence a threat to plant and animal species living in these habitats.
= Theincrease in land prices.

= The increase in global warming due to the removal of natural agricultural areas, which store carbon.

5.1 Identification of theperi urban-biodiversity

We have deduced that the vegetal biodiversity is represented by an exclusively agricultural species, mainly

formed by the cereal crop, then market gardens and fruit trees.

Agricultural biodiversity includes all components of biological diversity, which are important for trophic chain.
The variety of animals, plants and microorganisms, are necessary to maintain the essential functions of the
agricultural ecosystem [10].

In addition, to this agricultural biodiversity, a parallel spontaneous plant biodiversity cohabits. After several
trips to the field during all seasons of the year 2008, a herbarium was performed at each PNA (Peri urban
Natural Area). Identification of species collected, was done in the laboratory of plant taxonomy, in the
environmental sciences department at the Faculty of Life Sciences and Nature, University of Sidi Bel Abbes-

Dijillali Liabes. The results are described in the following table:

Table 3: Identification of the different species collected [5].

n° Scientific name

01 Anchusa azurea Mill
02 Avena sterilis L.

03 Cardaria draba L.

04 Centaurea diluta Ait
05 Chenopodium vulvaria L.

06 | Chrysanthemum coronarium L.

07 Convolvulus arvensis L.
08 Hordeum murimum L.

09 Lolium multiflorum L.

10 Malva sylvestris L.
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11 Papaver hybridum L.

12 Papaver rhoeas L.

13 Rumex bucephalophorus L.

14 Siléne fuscata Link
15 Sinapis alba L.

16 Triticum aestivum L.
17 Triticum durum L.
18 Daucus gummifer Lamk
19 Solanum tuberosum L.

20 | Lycopersicon esculentum Mill.

21 Mentha sp.

22 Eucalyptus globulus labill
23 Pinus halepensis L.

24 Amygdalus communis
25 Olea europea L.

26 Ficus carica L.

27 Pirus longipes

28 Persica communis

29 Prunus domestica

30 Malus communis

After species identification, we found the presence of two groups of species divided on two subgroups, as shown

in the above schemes:

Inventoried Species

y v
Seasonal Perenial
Seasonal Rustic
spontaneous Perenial

Sesonal
_ < - Perenial
cultivated

Figure 8: Types of species inventoried according to their lifespan.
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Note: cultivated seasonal plant species are vegetable crops, while spontaneous seasonal weeds are usually cereal
crops. For perennial species, they are represented by fruit trees such as apple, pear and rustic perennials, which

are usually species such as olive tree, the Alep pine and Eucalyptus.

6. Conclusion

Our study on peri urban natural areas revealed a lot of information about their characteristics.These first
strategic areas, which are part of the city of Sidi Bel Abbes are unfortunately neglected by the authorities in

spite of their environmental, social and economic importance.

Nonetheless, these undeveloped areas are not simply gaps to the proximity of the urban tissue but constitute
useful territories, hosting many important economical and social human activities, marking the meeting of the
city and the countryside, landscape, recreation, agriculture and production. Knowledge and recognition by all of
peri urban natural areas are an unavoidable action for their valorization [11]. These natural areas are real tools
for the reconquest of urban and suburban landscapes. They are at the heart of the major challenges of future
sustainable urban development. Even more, sustainability and identity of cities are largely related. Peri-urban
natural areas must be protected by adapted legislation. Citizens must be engaged in the valuation process of vital
areas, but also becoming full participants of the projects. Thus, peri urban natural areas may become

fundamental elements at the service of a sustainable city.

6.1 Recommendations

The action towards suburban natural areas must have two main objectives: Protect and Enhance.

Protect

Under considerable pressure, peri-urban natural areas often know rapid regression (urbanization,transport
infrastructure...), and even more significant degradation(artificial) that are usually irreversible. It is therefore
essential to preserve natural areas and highlight that PNA should be spread over the entire urban area, to be

easily accessible by citizens.

Develop

These spaces deserve to express their great potential. Peri-urban natural areas are the places of mixed uses and
functions. This diversity contributes to the richness of the territories, which host both rural functions

(agriculture) and urban functions (recreation), and cultural functions (landscape, historical heritage).

The mixed nature of spaces does not mean that "anything is possible"; these spaces should not be considered as
gaps in the urban tissue, but as integral elements of cities, designed to accommodate the functions that enhance

the natural character of the place.

The issue of agriculture is an important theme of management of peri-urban areas. It is desirable to maintain a
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dynamic agriculture nearby cities, protecting them from the effects of urban pressure. Agriculture must become
one of the multifunctional spaces facets. In this sense, it must take into account the other functions of this space,
such as public reception and biodiversity. Since the natural areas of the suburban town of Sidi Bel Abbes, are
agricultural areas, preferably with an economic role, and it would be desirable that they remain profitable for the

population as a means of contact with the natural environment, away from any stress or pollution.

Knowing that the city of Sidi Bel Abbes, is always exposed to dusty winds in summer coming from the south
and southwest, it would be necessary to establish a green belt for protection fitting the existing outlines of the

urban tissue, with an average width of 20 meters depending on the availability and configuration of space.

The planting must staggered, with a very high density of the order of 5,000 plants per hectare, to provide a
biological curtain. To this end it is appropriate to choose shrub and tree species, allowing the use of this belt by

citizens as a place of relaxation and leisure.

The recommended plant species can be summarized as follows:

« Evergreen Tree Species: Pine, Cypress, Casuarina, ash, willow, poplar, hackberry, carob tree, plum trees
« Deciduous tree Species: Sophora, Melia, plane tree, Judas tree, maple.

« Shrub species: Privet, Pittosporum, Charcoal, Laurier, Palm and Tuya.
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Surveys were conducted in the field, near the port of Bouzedjar with fishermen, to acquire a knowledge of the

spatial and depth distribution of the Norway lobster Nephrops norvegicus (Linneaus, 1758). To complete our

investigations, we referred to the informations obtained during the Spanish trawling and acoustic survey which

was carried out on the Algerian coast in 2004 aboard the Spanish research vessel R / V Vizconde de Eza.

Analysis of the results reveals that the rich funds in norway lobster were located in the central area of the

continental shelf between the immersions 250 and 400 m. It is thus observed very clearly that fish caught on

these funds are mostly represented by Gadidae family; the most common species is the Greater forkbeard Phycis
blennoides (Briunnich, 1768) (12.30%) followed by L. budegassa (10.86%) and P. bograveo (6.27%).
Elasmobranchs were very few except the small dogfish, Scyliorhinus canicula (L., 1758) (6.15%) which is quite

common.

* Corresponding author.
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Two Crustaceans mainly represented invertebrates that appear in this survey, in association: Palinurus elephas
(23.16%) and Parapaneus longirostris (12.18%). Finally, there was a proportion of discarded fish that was very
significant and consisted of small specimens that didn’t reach the commercial length mainly represented by
dogfish Scyliorhinus canicula (L., 1758).

Keywords: Spatial distribution; depth; fisheries; Norway lobster; Associated fauna; Bouzedjar Bay; Algeria;
Western Mediterranean

1. Introduction

Ain Témouchent province is situated between latitudes 35 20 'N and 35 40'N and from longitude 2’ 00 West to 2
30 ' East, occupies over 5000 km? It extends over a length of 80 km from Cape Falcon in the east to Ras
Honaine (cap Noé) (Figure 1). It’s marine biomass was evaluated at 60 000 tones (ISTPM , 1982). Two main

ports are noted hosting more than 452 trawlers divided between Beni Saf (256) and Bouzedjar (185) fisheries.
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Figure 1: Localization of the study area.

The observations of the research vessel "Thalassa", during its campaign in 1982 in the Algerian continental shelf

state that Ghazaouet fishing zone in Bouzedjar, has one of the largest continental shelf in our coasts [1,2].

Among the crustaceans caught in Bouzedjar Bay the Norway lobster Nephrops norvegicus (Linnaeus, 1758)
frequenting depths comprised between 267-863 m. The highest densities were observed between 280-400
meters near coral areas (figure 1) ([3,4,5]).

Market demand for Norway lobster has increased significantly this recent years, with an average selling price

around 35 €/ Kg. Aware of the high economic value represented by this decapod species professionals in this
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sector have accentuated their fishing efforts with a current production near 27.530 tons per year [6].

Figure 2: General aspect of N. norvegicus (Linneaus, 1758).

2. Material and methods

A total of 21 fishing trips (Fig. 3), as well as investigations were carried out on with fishermen from Bouzedjar

port, to acquire knowledge of the spatial distribution and bathymetry of the species.

Figure 3a: On board of a trawler (Syphax) on the arrival of the trawl.

For each sea trip, the boats moved towards well-known fishing areas and sometimes to other non-prospected
ones. The information obtained was used as a basis to establish a map showing fishing areas for Norway lobster
of Bouzedjar Bay. To complete our investigations, we referred to the information obtained during the Spanish
trawling and acoustic survey which was carried out on Algerian coast in 2004 aboard the Spanish research

vessel “R/V Vizconde de Eza”.

Additional information on the distribution of the species is the study of associated fauna, allows us to complete
our knowledge of the ecology of the lobster and also to inventory, the specific composition of the different

associated species.

The associated fauna is very diverse. First, we have considered only the species that live in the same habitat.
Secondly, to highlight the most characteristic species, we defined criterion: relative abundance, corresponding to
the percentage of individuals of a fish species considered to the total number of individuals captured, except for

individuals of the targeted species.

A = (n/N) X 100.
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n: number of individuals of each species associated.
N: total number of individuals of all species.

We highlight that we took into consideration only those species that present a relative frequency greater than
0.05%. Also for every fishing trip, we note the common name of the species as well as the weight of the total

catch. Thereafter, we established taxonomy of each species caught during the landing of sea products.

3. Results

It appears from our investigation that the fishing zones of N. norvegicus in the bay Bouzedjar extend from the
Borj Bouabed Cape to Lindles Cape (Figue 1). Also we can add that areas of distributions and high biomass

(Figure 3b) of this decapod are at aggregated near coral zones, bathymetric limits are presented in Table 1.
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Figure 3b: Monthly landings of Norway lobster N. norvigicus caught in Bouzedjar Bay (Algeria)

Table 1: Data on fishing area frequented by N. norvegicus obtained during the study.

Fishing area Latitude Longitude Minimal depth (m) | Maximal depth (m)
Al 35°41° 000" N | 01°21’ 600""W 336 357
A2 35°41°565" N 01° 21’ 770”"W 362 383
A3 35°41°000" N 01° 22’ 560""W 430 455
Ad 35°47' 107’ N 01°15°967" W 330 463
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During the landing, we have listed different families: Gadidae, Elasmobranchs, invertebrates (crustaceans and
cephalopods) (Figure 4) which has the same depth distribution. We have subsequently plotted the percentage of
fish and crustaceans species (Figure 5) associated to our species.

Figure 4: Associated fauna to Norway lobster caught in Bouzedjar Bay.

23.16 29.07 ® Nephrops norvegicus
ST B Parapaneus longirostris
w Scyliorhinus canicula

w Pagellus bagaraveo

12.30
® Lophius budegassa

10.86 6.27 6.15 ® phycis phycis

Palinurus elephas

Figure 5: Frequency of associated fauna with Norway lobster N. norvegicus (Linnaeus, 1758).

4. Discussion and conclusions

Nephrops norvegicus (L. 1758) (Decapoda: Nephropidae) is a species with a wide geographical distribution
from the Atlantic coast of north-west to the east of the Mediterranean [7]. The Norway lobster fishing on the
Algerian west coast was only initiated in recent years. According to [8], the fishing grounds of this species

remained undeveloped until the end of the last century because of their distance from ports and fishing activity
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strongly influenced by hazardous weather conditions, and lack of appropriate equipment (insufficient cables

length, old board equipment, unskilled crew, delapidation of the fishing fleet, ...).

Trawling in the study area was focused on the white shrimp Parapenaeus longirostris (Lucas, 1846). The
fishing zones that were identified show that vessels operate from Habibas islands to banc d'alidade a coral
bottom area where norway lobster is abundant. Our results show a clear development of the fishing for

Nephrops norvegicus (Linnaeus, 1758) performed at depths varying from 180 to 550 m.

Reference [8] affirmed that, the fishing grounds of this crustacean in Algeria, are distributed at depths of around
400 m, while in other regions of the Mediterranean, fishing depths for norway lobster oscillate between 200 and
750 m [9,10,11,12,13].

The analysis of our results shows that the richest areas in norway lobster are mainly located in the central region
of the continental shelf, between 250 and 400 meters. We can also affirm that fish caught on these funds are
mostly represented by Gadidae family; the most common species is Phycis blennoides (Briinnich, 1768)
(12.30%) followed by Lophius budegassa (10.86%) and Pagellus bogarveo (6.27%). Elasmobranchs are very
few except the small dogfish, Scyliorhinus canicula (L., 1758), which is rather frequent (6.15%)

Invertebrates are widely represented by two species: the spiny lobster Palinurus elephas (Fabricius, 1787)
(23.16%) and the white shrimp, Parapenacus longirostris (Lucas, 1846) (12.18%). Finally, there is discarded
fish that was very significant and consisted of small dogfish Scyliorhinus canicula (L., 1758) that didn’t reach a
comercial length. The analogy of this associated fauna of the continental shelf of Bouzedjar Bay with that of the
Adriatic in the Mediterranean, and the great mudflat in European Atlantic is remarkable and have been already
reported by [14].
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Abstract: This study is aimed to pinpoint the morphometrics, state of exploitation dynamic in order to assess the P. mauritanicus (Gruvel, 1911) stock. Specimens
were caught by trawlers operating in Béni-Saf Bay. In total 121 individuals were collected: 60 males (49.58%) and 61 (50.41%) females, x2 test (p<0.05) didn’t
show any significant difference between the two sexes. FISAT Il software was used to estimate growth parameters, recruitment, mortality and exploitation rates.
Total length-total weight, total length, carapace length equations parameters for the entire population were respectively TW=0.0363*TL2.858, Log TL = 0.802*Log
CL+ 0.631 indicating a negative allometry growth. The parameters of Von Bertalanffy were: L= =32.03 cm, K=0.18 yr-1and t0=-0.16 year-1. Total mortality was
estimated Z = 0.760 yr-1, natural maturity M=0.458 yr-1, fishing mortality F=0.302 yr-1 and exploitation ratio E=0.397 reflecting a situation near the full exploitation
of the resource.
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INTRODUCTION

The fishery products (fish, crustaceans, shellfish) landed
daily at our fisheries continue to decline day by day. The effort
and resources deployed at sea to meet the growing needs of a
population strongly piscivorous are the major cause of the rarity
of some species followed by anthropic actions that destroy
aquatic environment (tourism, pollution, over fishing, excessive
trawling). The approach of our work seeks to enhance and
preserve the pink spiny lobster Palinurus mauritanicus and
attempt to assess the current status of the population.

P. mauritanicus is a high economic value species occurring
in the Eastern Atlantic from western Ireland (53° N;
Mercer,1973) to southern Senegal (14° N; Vincent-Cuaz, 1958)
and in all the Western Mediterranean from Gibraltar to Sicily,
west of 16° E, not in the Adriatic (Holthuis, 1991). Itis frequent
in the western Atlantic Ocean from Ireland to Senegal, in
western Mediterranean we found it in Libya, Sicily, Sardinia,
Corsica and Gibraltar but stay very abundant in Mauritania and
Rio de Oro waters, at depths ranging between 150 to 300
meters. Generally fished by trawlers at depth ranging from 180
to 600 m but the baited cylindrical traps stay the most selective
and appropriate tool for this crustacean. In the western
Mediterranean mostly between 400 and 500 m on rocky and
coral substrates, as well as on mud.

In Béni-Saf Bay P. mauritanicus is found around Rachgoun
Island (Pers. obs) that have suitable rocky substrates. It

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

commands high prices supporting the local economy. In the
past the pink spiny lobster was caught using baited traps, but
now this gear has practically disappeared to be replaced almost
exclusively by non-selective gears trammel nets (Gofi el al.,
2003a) and trawl. With the replacement of traps, fishing effort
on has increased contributing a lot in the decline of the
exploitable stock.

Many works exist on the European spiny lobster Palinurus
elephas but scarce data are available for P. mauritanicus
(Maigret,1978; Campillo and Amadei, 1978; Boitard, 1981;
Caveriviere et al., 1986; Minchin, 1989; Diop, 1990; Gofii and
Latrouite, 2005) and especially concerning the Algerian waters
except the works of Bensahla Talet et al., 2011 and Bachir
Bouidjra et al., 2014 focusing on ecology and some aspects of
reproduction of this decapod.

The weight-length relationship (WLR) is a necessary
parameter in fishery assessment. In sampling programs, it is
usually easier to measure length only (e.g., because of the
bobbing motion of the boat), or weight cannot be measured
simply (e.g., underwater visual censuses). The WLR of a
particular species allows the inter-conversion of these
parameters (Morey et al., 2003). Also, morphometric
comparisons can be made between species and populations
(Gongalves et al., 1997). Added to this, the WLR allows
specimens condition to be estimated in relation to different
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environmental conditions. The relationship between Total
length, carapace length and total body weight are described for
the first time in this paper concerning P. mauritanicus living in
Béni-Saf Bay. The relationship between total length (TL),
carapace length (CL) can be a useful tool given that the
minimum landing size is expressed as TL an easier and faster
measure to take (Latrouite and Noel, 1997; Secci et al., 2000 ;
Tidu et al., 2004) allowing us to convert the two measures
easily.

MATERIAL AND METHODS

Samples of P. mauritanicus were collected monthly (Fig. 1)
between June and December 2001 caught by trawlers (mesh
size 40 mm) operating in Béni-Saf Bay at depths ranging
between 15 to 300 m.
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Figure 1. Sampling zone

Biological informations (sex, individual length and weight)
(Fig. 2) were recorded during landings [with respect of a
Minimum landing size set up by Algerian legislation fixed at 10
cm of CI (JORADP,2004)].

Figure 2. Measurements made on P. mauritanicus specimens

After the macroscopically sex determination, deviation from
1:1 null hypothesis was statistically tested by x2 test. Total (TL)

and carapace length (CL) were measured to the nearest mm
and total weight (TW) to the nearest g. Mean length comparison
was performed with t-test (Zar,1999). The Length weight

relationship is expressed as; TW= aTL® (Ricker, 1973) where
TW is total body weight (g), TL is total length (cm). Also
relationship between TL and CL was established with the
following equation: Log TL=b Log CL+Log a (b the slope and a
the intercept for the two equations) In order to confirm if values
of b obtained in regressions were significantly different from
isometric value (b=3 or b=1), the null hypotheses of isometric
growth were tested by the t-test (Zar,1999).

Parameters of the Von Bertalanffy growth equation were
estimated using ELEFAN | method (FISAT II: Gayanilo et al.,
1989) grouping the population in length classes of 1 cm
(Carapace Length, CL). Growth performance index was
calculated using Munro and Pauly,1983 equation: ®=2 Log
L-+Log K. The total mortality (Z) was estimated using Jones
van Zalinge (1981) plot. Pauly’s (1983) equation was used to
determine natural mortality; In(M) = -0.0152 - 0.279 In(L~) +
0.6543 In(K) + 0.463 In(T) [T: annual mean temperature of Béni-
Saf bay 17.5°C] (Zemenzer,2011). Fishing mortality (F) was
deducted from the equation: Z=M+F, so F=Z-M and exploitation
rate from E=F/Z (Gulland, 1971).

RESULTS

In total 121 individuals were collected (table 1) 60 (49.58%)
were males (TL:20-53.3 cm) and 61 (50.41%) were females
(TL:25-53.2 cm) (figure 3), ranging in weight between 275 and
4000 g for males and between 330 and 3100 g for females.
Males (40.68+80.77) and females (40.324+68.12) mean length
were not significantly different (t-test, p<0.05) (figure 3). Also x2
test (p<0.05) didn’t show any significant difference between the
two sexes.

100 - m Males

60 -

40 -

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
TL (cm)

Frequency %

Figure 3. Length frequency distribution of males and females of P.
mauritanicus specimens caught in Béni-Saf Bay




Some population characteristics of the pink spiny lobster Palinurus mauritanicus (Gruvel, 1911) caught in the Béni-Saf Bay (Western Algeria)

Table 1. Maximum and minimum values of the total length, carapace length  in Table 2. The length-weight relationships were well correlated
and total weight for all population of P. mauritanicus specimens off Béni-Saf (0 853<r2<0) 869) found statistically significant and the null
Ba ) o . . .

y hypothesis (Ho: b=3 was rejected), a negative allometric growth

TL (mm) TW (g) CL (mm) was observed for the three different groups (t-test, P < 0.05,
Sex n min  max min max min  max tobs>tn=1.65, n>120).
Eﬂerlna'e 2(1) ;gg ggi 232 j;gg g; gg Length-length ~ relationships were better correlated
B:t: 121 200 533 275 4000 9'7 30 (0.931<r2<0.905) than the previous relationship and found

statistically significant and the null hypothesis Ho:b=1 was

Length-weight and length-length regression parameters ~ ejected, a negative allometric growth was observed for the
estimated for males, females and all individuals are presented  three different groups (t-test, P < 0.05, tobs>t=1.65, n>120).

Table 2. Range and mean of total length (cm) and weight (g) values of Spotted flounder from Izmir bay (Agean Sea)

Sex Allometric relation Allometric equation Determination coefficient (r2)  95% Clof b Relationship t-test
Female TWITL TW=0.0283-TL2.%09 0.858 2.80-2.92 A
Male TWITL TW=0.0513-TL2781 0.869 2.72-2.84 A
Both TWITL TW=0.0363-TL 285 0.853 2.76-2.92 A
Female TL/ICL Log TL = 0.802*Log CL+ 0.631 0.908 0.78-0.82 A
Male TL/CL Log TL =0.750*Log CL+ 0.682 0.931 0.55-0.94 A
Both TL/CL Log TL =0.763*Log CL+ 0.673 0.905 0.74-0.78 A

Growth parameters of the von Bertalanffy equation for  found to be equal to 2.266. The results of Total (Z), natural (M),
P.mauritanicus (Table 3) were estimated as CL»=32.03 cm, fishing (F) mortalities, exploitation rate (E) were estimated for
K=0.18 year-1, to=-0.16 year. Growth performance index ® was  all the individuals as 0.760, 0.458, 0.397 respectively.

Table 3. Von Bertalanffy growth parameters, growth index, total, natural, fishing mortalities and exploitation rate (E) for all individuals of P. mauritanicus fished in
Béni-Saf Bay

n CL~ (mm) K (yr-1) to (yr) (0] zZ M F E
All samples 121 320.3 0.18 -0.16 2.266 0.760 0.458 0.302 0.397
DISCUSSION 1990). Comparing our results of the equation total length versus

carapace length in other regions (Table 4) led us to conclude

It appears that P. mauritanicus from Béni-Saf Bay had a  that females records negative growth rate of TL in relation to
negative allometric growth (b<3, t>t0.05=1.65) showing that  CL, conversely for males the b parameter is greater than 1 and
increase in length is faster than increase in weight an  this can be explained by the fact that females have larger

observation already made by others authors in other localities  abdomen than males given that it constitutes the zone of egg
(Boitard, 1981; Caveriviére et al., 1986; Minchin, 1989; Diop,  attachment.

Table 4. Length-weight; length-length relationship for the spiny lobster P. mauritanicus given by different authors

Locality sex n equation r2 Author
- M LogTW=2.720-LogTL-2.677 .
Mauritania F LogTW=2.750-LogTL-2.744 - Boitard, 1981
M LogTW=2.35:LogCL+0.403 -
Senegal F LogTW=2.39.LogCL.0.394 - Caveriviere et al., 1986
M LogTW=2.880:LogTL-6.760 - I
Ireland F LogTW=2.750LogTL-6.120 - Minchin, 1989
Mauritania c LogTL=0.338:LogCL+0.1620 0.8800 Diop, 1990
c 121 LogTW =2.857-LogTL-1.439 0.8530
LogTL=0.741:LogCL+0.6970 0.8856
Algeria LogTW =2.780-LogTL-1.289 0.8690
(Béni-Saf Bay) M 60 LogTL=1.221-LogCL-0.7240 0937 Fresentstudy
F 61 LogTW =2.908-LogTL-1.548 0.8580
LogTL=0.755:LogCL+0.6860 0.9048

M: males, F: females, C: combined, n: number, r2: coefficient of regression
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For the growth parameters of the spiny lobster from Béni-
Saf Bay the values are the highest ones compared to that
referenced data (Table 5) for this Palinuridae. In fact,
asymptotic length found during our study was equal to 320.3
mm with Lmax recorded during sampling equal to 300 mm CL
(Female, 07/2001) while this parameter varied in other localities
for the same species between 78 to 202.8 mm CL.

The estimated values of growth factor K=0.18 show that
P.mauritanicus is a fast-growing crustacean, observation
already noted by Marin,1987 near Corsica (France) and
Maigret, 1978 working on the same species off Mauritanian
coasts. Also the growth performance index @ was the higher
one evaluated at 2.266 for this study and was noted between
0.664 and 1.842 in other areas (Table 5).

Table 5. Von Bertalanffy growth parameters for the genus Palinurus from different areas

Species/Locality Sex n CL~ (mm) K (yr) to (yr) (] Author
Palinurus elephas M 417 166.025 0.15100 0348  1.619 Marin. 1987
(France, Corsica) F 278 135.916 0.18900 0.342 1522 '
1.054

Palinurus gilchristi M 111.00 0.09200 05
South Africa —_—
(Aglhas Bank to Port Elizabeth) E 96.00 0.12900 1.075 Groeneveld, 1997
Palinurus gilchristi M 96.00 0.05000 0.664
South Africa (Port Alfred) F 78.00 0.06500

Mauritania F 202.8 0.16900 0227  1.842 Maigret, 1978
Palinurus mauritanicus ~ Algeria c 121 320.3 0.1800 016 2.226 Present study

(Béni-Saf Bay)

M: males, F: females, C: combined, n: number

Growth parameters can vary between stocks and even
between areas as stated by (Sparre et al., 1989; Andrade and
Campos, 2002; Hossucu and Cakir., 2003). It can be attributed
to the combination of one or more of the following factors: a)
differences in the number of specimen examined, b)
area/season effect and c) differences in the observed length
ranges of the specimen caught. Dulcic and Kraljevic (1996)
stated that temperature, food (quantity, quality and size), sex
and stage of maturity are responsible for the differences.

As we said previously, the rarity of data on P. mauritanicus
fisheries didn’t allow us to compare our results with other works
but we can note that natural mortality found during our study is
the same for the different localities with other species for the
same genera given that they live in same habitat around islands
that have suitable rocky substrates. Marin, 1985 states that
predation is the major cause of natural mortality during moulting
and early stages of P.elephas a congeneric species of
P.mauritanicus living in the same habitat, Epinephelus
marginatus, Octopus vulgaris are the major predators and
pelagic fishes also predate on fragile puerulii.

Despite the value (E=0.4) of the exploitation ratio
calculated that expresses a situation near the full exploitation
of the resource in Béni-Saf Bay, the rarity of P.mauritanicus
specimens among fish and sea products landed daily these last
years is obviously seen. More than fifty lobster species exist all
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Population dynamic parameters of the red mullet Mullus barbatus (Mullidae) in the Arzew

Gulf, Algeria

Lotfi Bensahla Talet*!, Ahmed Bensahla Talet2, Zitouni Boutibal

!Laboratoire Réseau de Surveillance Environnementale, Department of Biology, Faculty of Natural Sciences and Life, University of Oran1, Ahmed Benbella, Es-sénia,

31000 Oran, Algeria.

2 aboratoire Aquabior Es-sénia, Department of Biotechnology, Faculty of Natural Sciences and Life, University of Oranl, Ahmed Benbella, 31000 Oran, Algeria.

Abstract: Population dynamic parameters of red mullet, Mullus barbatus (n=592) caught by trawlers
operating in Arzew Gulf (Algeria) in the western Mediterranean were studied. Samples were
collected between February 2003 and January 2004. Females ranged from 10.9-23.2 cm in total
length and 12-149.2 g in weight whereas males length was comprised between 12.6 and 19.7 cm and
weight between 21.3 and 99.9 g. The relationship between length and weight was W=0.00167L1.2342
(12=0.850). Growth parameters of the von Bertalanffy equation were: Lo0=208.9 cm, K=0.66 year-!,
and to=-0.143 year for males, while for females: Lo=250.9 cm, K=0.6 year!, and to=-0.015 year.
Estimates of total (Z), natural (M) and fishing (F) mortalities were: 1.58, 0.8 and 0.79, respectively
and the estimated exploitation ratio 0.5 indicating that the resource is being exploited at its limit in
this area. The virtual population analysis of M. barbatusby VIT software showed that the number of
recruits per year was estimated at 4447304.6 individuals, balanced total biomass was estimated at
168 486 tons, the gains are represented by recruitment 51.71 tons (30.69%) and growth 116.76 tons
(69.31%), losses are represented by natural mortality 98.48 tons (58.45%) and fishing mortality 70
tons (41.55%). The current yield per recruit was estimated to Y/R=15.74 g and maximum sustainable
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yield can be reached by increasing the current fishing effort to stabilize it at MSY=17.91 g.

Introduction
Red mullet, Mullus barbatus is a demersal fish living
on muddy, sandy or gravel bottoms of the continental
shelf between 10 to 500 m of depth. It is usually
caught by trawlers (Bauchot and Hureau, 1986) and
represents one of the economically most important
species for trawl fishery at Oranian coasts. Several
works have already been made on its biological
features in the Mediterranean basin (Ardizzone,
1998; Jukic-Peladic, 1998; Marano et al., 1998;
Morey et al. 2003; Gharbi et al., 2004; Ozbilgin et
al., 2004; Layachi, 2007; Joksimovi¢ et al., 2008;
Maximov et al., 2008; Mehanna, 2009; Giacalone et
al., 2010; Sieli et al., 2011; Aydin and Karadurmus,
2013; Cherif, 2014; Cigek, 2015).

Arzew Gulf is located between Stidia and
Mostaganem towns in the Algerian shoreline of

= Corresponding author: Lotfi Bensahla Talet
E-mail address:btlotfi@yahoo.fr

Mediterranean with the geographical coordinates of
35°49'59"N and 00°10'00"W. It constitutes one of
the biggest petroleum harbors and many industrial
complexes are situated in this area making it an
industrial and commercial hub for Algerian
economy. Arzew fishery is the second one in the area
after Oran town fishery and supplies the surrounding
towns in sea products.

The aim of this work was to describe some
population dynamical parameters of M. barbatus in
the Arzew Gulf to ensure the renewal of the resource
given that it is under over fishing pressure during
these last decades (Bensahla Talet and Boutiba,
2000) similar to benthic species of this Gulf. Also,
this study will contribute enriching the available data
on growth and fisheries of this species in the Western
Mediterranean.
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Materials and Methods

A total of 594 specimens of M. barbatus were caught
by a commercial bottom trawlers, operating in the
Gulf of Arzew (Fig. 1) at depths of 150-300 m
between February 2003 and January 2004. The total
length (L) was measured with an ichtyometer to the
nearest | mm; total weight ( W) was measured with a
precision balance to the nearest 0.1 g, and sex of
individuals was determined after opening their
abdominal cavity.

The length-weight relationship (LWR) is
generally expressed by the following equation: W=
a*L? (Ricker, 1973), where Wis the total weight (g)
and /= total length (cm). The parameters « and b
were estimated by the method of least squares
obtained by logarithmic transformation to correct the
nonlinearity of the original curve and the
heterogeneity of variances:

Log W= b*LogL + Loga

The null hypothesis for the isometric growth (Ho:
b=3) was analyzed by t-test, using the following
statistical formula: ts = (5-3)/Sb, where Sb is the
standard deviation of the parameter b, for a=0.05
(Morey et al., 2003). The parameters of the equation
of von Bertalanffy growth were estimated using the
ELEFAN method (FISAT II Gayanilo et al., 2005):
Li = Lo [1 —e*t=9] where Ly is total length in cm at
a given age Lo 1s asymptotic length, k is growth
curve parameter, and to is hypothetical age for a
length equal to zero.

The Jones and Van Zalinge plot (Jones and Van
Zalinge, 1981) was used to estimate total mortality
using FISAT II (Gayanillo et al., 2005), the natural
mortality was calculated using Pauly’s empirical
equation (Pauly, 1980) as following:
In(M)=-0.0152-0.279 In(Leo)+0.6543 In(K)+0.463 In(T)

Where T is the mean annual habitat temperature
(in °C) considered here at 17.5°C, and F the fishing
mortality was deducted from the subtraction of M
from Z (Z=M+F). The selection length which
corresponds to the probability of capture of each
individual by the fishing gear was determined by
plotting the cumulated catch curve (Pauly, 1984).
The exploitation ratio E was estimated from Gulland

ALGERIA

Figure 1. Sampling area (Arzew Gulf).

(Gulland, 1971): E=F/Z. (E<O0.5
underexploited stock, and E>0.5 overexploited
stock). VIT Software (Lleonart and Salat, 1997) was
developed initially for assessing Mediterranean
fisheries dealing with pseudo-cohorts when
information about annual catch at length or age is
limited to a short period of individual or few
consecutive years (Ratz et al., 2010). The program
has as entry data: growth parameters of von
Bertalanffy (L, k, to), LWR, natural mortality (M),
fishing mortality (F), and length at first maturity.
Also it only requires knowledge of annual catches
for a given exploited species (70 tons in the case of
this study) instead of a long historical series of ten
years (Bouaziz et al., 2010).

formula

Results
From 594 collected specimens of M. barbatus, 258
were males (43.58%), 318 were females (53.37%)
and 18 were unsexed (3.04%). The sex ratio was in
favor of females 1:0.81 (Fig. 2) but the X2 test did not
reveal any significant difference (x°=2.93>%%
1,0.05=3.84). The total length of males ranged 12.6-
19.7 cm and their weight 21.3-99.9 g. The total
length of females ranged 10.9-23.2 cm and their
weight 12-149.2 g. The length frequency distribution
of the entire population of M. barbatus is presented
in Figure 3.

The LWRs are shown in Table 1 and Figure 4a, b,
c. Males exhibits a positive allometric growth
pattern, while females had a negative allometric
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barbatus caught in Arzew Gulf.

in Arzew Gulf.

Table 1. Parameters of the length-weight relationship of Mullus barbatus caught in Arzew Gulf.

n o b se of b r
Combined 594 0.0172 2.83* 0.015 0.83
Males 258 0.0079 3.11* 0.041 0.84
Females 318 0.0176 2.82* 0.057 0.86

n: number, se of &: standard error of b, *: significative test-t (t-test, P<0.05).

Table 2. Parameters of the von Bertalanffy growth equation, the rates of total (Z), natural (M) and fishing (F) mortalities and exploitation ratio
(E) of Mullus barbatus caught in Arzew Gulf.

L. (mm) K  to(Yn) Y4 M F E
Combined 250.9 0.49 -0.185  1.580 0.794 0.786 0.490
Males 208.9 0.66 -0.143  1.560 1.010 0.550 0.350
Females 250.9 0.60 -0.150 1.700 0.906 0.794 0.467

Table 3. Virtual population analysis parameters of Mullus barbatus caught in Arzew Gulf obtained by VIT 1.3 software.

C(:Clre;s)s V\C/:;;Cr?t '(';) Cn:l{j:;l;é? Z F VPA parameters Result

105 | 6222666 | 44473046 |0.808]0.008 .

115 | 16338113 | 397190097 |0817|0017| |O BiomassBalance, D | 168486t

12.5 | 1354669.35 | 3513191.49 |0.917|0.117| Spawning Stock Biomass odst

135 | 220149045 | 3027695.76 | 0.965 | 0.165 (SSB)

145 | 649558579 | 2554243.99 | 1.246 | 0.446 1,537 year
Stock Mean Age

155 | 8796137.83 | 2008513.55 | 1.392 | 0.592

16.5 |13215384.38 | 1493064.51 | 1.752 | 0.952

175 |16378226.85| 984290.21 |2.265 | 1.465 Stock mean length 13.872 cm

165 | 849532858 | 53487020 [1gmafuonal o Tl

105 | 40156513 | 30465116 | 1.4 | 0.6

205 [ 38669200 | 1624914 [1526[0726] 0 o oo

215 | 3353111.66 | 92335.88 |1.813|1.013

225 | 1083359.34 | 32727.46 | 1.4010.601 Biomass/Rercuit 27.681 g

235 | 59975459 | 10696.75 |1.586|0.786 SSB/Recruit 17.87 g

Total | 70000000 | 23157978.02 ;
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Figure 5. Gear selection ogive for Mullus barbatus caught by trawl in Arzew Gulf (codend mesh size of 4 cm).

Figure 4. Parameters of the length-weight relationship of Mullus barbatus caught in Arzew Gulf. (a) all individuals, (b) males, and (c) females.

growth pattern (t-test, P<0.05). The selection length
at which 50% of individual can be captured by the
fishing gear was determined graphically (Fig. 5) and
was evaluated at 16.08 cm of L. The von Bertalanffy

growth parameters, mortalities (Fig. 6a, b) and
exploitation ratio are shown in Table 2. The
exploitation ratio (E=0.49) reflects a fishing
situation near the equilibrium concerning the
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Figure 6. Total mortality of Mullus barbatus fished in Arzew Gulf. (a) males and (b) females.
Table 4. Length-weight relationship parameters for Mullus barbatus in the previous studies.
Locality sex n o b seofb  r? Author
Turkey (Black Sea) C 1435 0.00880 3.03 - - Aydin and Karadurmus, 2013
Turkey (Iskenderun Bay, C 212 00072 31618 - 095 Cicek, 2015
Mediterranean)
Romania (Black Sea) C 680 0.00842 3.12 - 0.99 Maximov et al., 2008
C - 0.00773 3.09 - -
Montenegro (Adriatic Sea) M - 0.00729 3.11 - - Joksimovi¢ et al., 2008
F - 0.00767 3.10 - -
C 18932  0.00820 3.09 0.00 0.98
Italy (Castellammare Gulf) M 9596 0.00660 3.17 0.01 0.94 Giacalone et al., 2010
F 4730 0.00630 3.19 0.01 0.98
Egypt (Mediterranean) - - 0.00770 3.10 - - Mehenna, 2009
Morocco (Mediterranean) C 0,000009 3,03 - 0.98 Layachi et al., 2007
C 594 0.01720 2.83 0.150 0.83
Algeria (Arzew Gulf) M 258 0.00790 3.11*  0.041 0.84 Present study
F 318 0.01760 2.82*  0.057 0.86

n: number, M: males, F: females, C: combined sexes, se of &: standard error of b, and r2: coefficient of regression.

exploitation of this Mullidae.

The virtual population analysis of M. barbatus by
VIT software showed that the mean number of
M. barbatus specimen in Arzew Gulf is 23.15 10°
while the number of recruits per year was estimated
at 4447304.6 represented by size class 10.5 cm
(Table 3). Individuals between 16.5 and 19.5 are the
most affected by the fishing gear deployed (bottom
trawl). The average age of the current stock is 1.53

years and the average size 13.87 cm.

The total balanced biomass is equal to 168.48 tons
with gains mainly represented by growth 116.76 tons
(69.31%) and recruitment 51.71 tons (30.69%) and
losses are represented by natural mortality 98.48 tons
(58.45%) and fishing mortality 70 tons (41.55%).
The current yield per recruit was estimated to
Y/R=15.74 g (for F=0.79) and maximum sustainable
yield can be reached by increasing the current fishing
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Table 5. Growth parameters of Mullus barbatus given by different authors.

Locality Sex n Lt (Mm) K (Yr?) to(YT) Author
Tunisia (Gabes Gulf) C - 267.3 0.51 -0.010  Gharbi et al., 2004
C 671 301.2 0.11 -3.182
Montenegro (Adriatic Sea) M - 178.1 0.28 -3.013  Joksimovi¢ et al., 2008
F - 274.7 0.14 -2.688
Romania (Black Sea) C 680 163.2 0.37 -1.390  Maximov et al., 2008
Turkey (Izmir Bay) C 110891 242.6 0.56 -0.305  Ozbilgin et al., 2004
Turkey (Iskenderun Bay) C 212 219.8 0.19 -1.168  Cicek, 2015
Italy (Castellammare Gulf) F 595 221.2 0.38 -0.940  Sielietal., 2011
Egypt (Mediterranean) C - 271.0 0.66 - Mehenna, 2009
Morocco (Mediterranean) C - 270.0 0,43 -0.090  Layachi et al., 2007
C 594 250.9 0.49 -0.158
Algeria (Arzew Gulf) M 258 208.9 0.66 -0.143  Present study
F 318 250.9 0.60 -0.150

n: number, M: males, F: females, and C: combined sexes.

Table 6. Total (Z), natural (M), fishing (F) mortalities and exploitation ratio (E) of Mullus barbatus in different areas.

Locality Sex n Z M F E Author
Montenegro (Adriatic Sea) C 671 0.749 0.342 0.407 0.54 Joksimovi¢ et al., 2009
Italy (Adriatic Sea) - - 351 0.91 2.60 0.74 Ardizzone, 1998

- - 1.2-19 0.43-0.77 0.77-1.13 0.59-0.64 Marano etal., 1998
Croatia (Adriatic Sea) - - 1.48 0.58 0.90 0.6 Vrgoc, 2000
Turkey (Izmir Bay) C 110891 3.85 1.07 - 0.71-0.72  Ozbilgin, 2004
Turkey (Iskenderun Bay) C 212 1.39 0.45 0.93 0.67 Cicek, 2015

C 594 2.86 0.82 2.03
Algeria (Arzew Gulf) M 258 - - - 0.71 Present study

F 318 - - -

effort to stabilize it at MSY=17.91 g (F=1.73).

Discussion

The growth pattern of M. barbatus in the Arzew Gulf
seems to be different between the two sexes. In fact,
males of this species grow faster than females as
reported by Joksimovi¢ et al. (2008) from the
Adriatic. Based on the results, females’ asymptotic
length is important than that of males due to the fact
that males do not attain lager sizes in their natural
habitat given that the males (F=1.23) are under a
more fishing pressure than females (F=0.79).
Furthermore, the females had a negative allometric
growth pattern compared to the males (b>3) which
confirms that males gain weight faster than length
and this was in agreement with the results of
Papaconstantinou et al. (1981) for this species in

Termaikos Gulf. Growth differences between sexes
can be explained by the fact that females undergo
significant physiological changes compared to males
during their sexual cycle. The positive allometric
growth pattern have been reported for this species in
some other areas of Mediterranean (Table 4) which
is not the case of females caught in Arzew Gulf
probably due to weight loss after the spawning
period.

The growth parameters of the von Bertalanffy
equation differ greatly from one region to another
(Table 5) probably due to the biotic and abiotic
differences of their habitat. In fact, Magnan (1988),
Walker (1997) and Svanbick (2004) noticed that
inter-population variation in LWR parameters are
correlated with differences in the availability of

resources or by geographical differences in
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ecological conditions such as water temperature,
salinity, and food supply. The maximum value of the
growth constant (k) in the Arzew Gulf reflects fast
growth of this species in agreement with findings of
Mehenna (2009). This shows the fertility of Algerian
waters probably due to entrance of the enriched
water with plankton from the Atlantic and coastal
upwelling (Taupier-Letage and Millot, 1988).
Mortier (1992), Taupier-Letage and Millot (1988),
and Salas et al. (2001) found that the Algerian
current has a higher nutrient content than the other
parts of the Mediterranean being supplied directly
from the entering Atlantic current. Furthermore,
Bosc et al. (2004) noted that nutrients concentrations
are higher in the western Mediterranean basin than
the eastern basin allowing the development of
phytoplankton and zooplankton. The values of
exploitation ratio differ from one region to another
(Table 6) depending on the environmental factors
affecting the natural mortality and the fishing effort
deployed.

Conclusion

Based on the results, the stock of M. barbatus in
Arzew Gulf is exploited at its maximum limit. In
order to maintain a sustainable exploitation of this
resource, it would be wise to increase reasonably the
fishing effort for a better yield per recruit ensuring
the renewal of this resource in Arzew Gulf. Algerian
legislation had already set a minimum landing size
(15 cm of total length) to preserve the resource but
to our knowledge, it is insufficient.
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Abstract: A morphological study of Scyliorhinus canicula in Algerian coastal waters was undertaken using biometric
measurements. Size variation of males and females was determined and the state of sexual development was assessed for
functional significance. The total monthly sampling over one year comprised 209 males and 251 females. All specimens
were collected from commercial landings of the Oran fishery. Total length of fish varied between 28.5 and 50 cm for
females and 28.5 to 55 cm for males. Females showed no distinct morphological features of maturity but some changes in
ovary and oviduct structure were observed. Mature males were easily recognizable by morphological changes in the
urogenital tract. Adult testes are in an elongated mass form. The right testis is typically more developed and heavier than
the left. Sexual maturity is reached after 5 years for both males and females when they are around 38 cm in total length and
290 g in weight. The maximum total length recorded was 55 cm, rather less than the maximum length of 80 cm reported
for Atlantic populations. Scyliorhinus canicula is oviparous and eggs are produced throughout the year with peak periods
occurring in different regions. Females with in utero egg-cases were observed throughout the year confirming a protracted
breeding season but with peak egg-laying in June.

Resumé : Caractéristiques biométriques et reproduction de la petite roussette Scyliorhinus canicula (Elasmobranchii :
Scyliorhinidae) de la cote occidentale algérienne. Une étude des caractéristiques morphologiques et de la reproduction a
été menée sur la petite roussette Scyliorhinus canicula sur la base de mesures biométriques. La distribution des fréquences
de taille des males et des femelles a été déterminée et 1’état du développement sexuel a été évalué pour une interprétation
fonctionnelle. L’échantillonnage mensuel dans le port de péche d’Oran durant une année, comprend 209 males et 251
femelles. Les tailles varient entre 28,5 et 50 cm pour les femelles et 28,5 a 55 cm pour les males. Les femelles ne présentent
pas de caractéristiques morphologiques distinctes indicatives de la maturité, mais certains changements de la structure de
I’ovaire et de 1’oviducte ont été observés. Les males matures sont reconnaissables par des changements morphologiques
dans le tractus urogénital. Les testicules des adultes sont sous forme de masse allongée. Le testicule droit est plus développé
et plus lourd. La maturité sexuelle est atteinte aprés 5 ans pour les deux sexes avec une taille de 38 cm et un poids de 290
g. Les femelles avec des ceufs in utero sont observées le long de I’année confirmant une saison de reproduction prolongée,
avec un pic de ponte en juin.

Keywords: Scyliorhinus canicula e Sexual maturity @ Reproduction e Weight-testes mass relationship
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Introduction

The lesser-spotted dogfish, Scyliorhinus canicula (Linnaeus,
1758) (Fischer et al. 1987) is widespread throughout the
Mediterranean Sea and is common in the Northeast and
Eastern Central Atlantic, from Norway to Senegal. It is one of
the most abundant elasmobranchs around the Mediterranean
coast of Algeria (Jardas, 1979; Lyle 1983; Baino et al. 2001;
Capapé et al., 2008a, 2008b & 2014; Kousteni et al., 2010;
Taleb Bendiab et al., 2012). Scientific surveys throughout
most of its range suggest that populations are stable or even
increasing in some coastal areas such as the UK (Rogers &
Ellis, 2000). Reproduction is oviparous and the species
appears to be relatively productive biologically (Mellenger,
1983), and so stocks may be able to withstand high levels of
exploitation. The species is classified as of “Least Concern”
TUCN (2009) because overall population trends appear to be
stable in the Atlantic and in some parts of the Mediterranean
Sea. There is no evidence to indicate that the regional
population has declined significantly in the western part of the
Algerian coast (Taleb Bendiab et al., 2012). However, since
the species is being commercially more exploited most in
Algerian waters. Catches and population trends now need to
be monitored to assist the global vision for fisheries
management in the Algerian coastal waters by better
regulation of the fisheries to ensure their sustainability.

The lesser-spotted dogfish is common throughout the year
in the Port of Oran fish market. Its frequency of occurrence
fluctuates between 3-10% of the total fish in Algerian trawl
catches (Zelmat, 2009; Bekada, 2014). Following information
from local fishermen, the abundance of this fish in trawls
from the Bay of Oran is highest between December to
August. The fish are most frequently caught between 40 and
200 m depth (Massuti & Moranta, 2003; Bertrand et al.,
2000). Baino et al. (2001) and Capapé et al. (2008a & 2014)
reported juveniles made up the main proportion of the
population (78% ) as sampled in Italy and Tunisia. During the
last decade, increased fishing pressure along the Algerian
coasts is very likely to disturb the population dynamics of this
species but no evidence about population trends is yet
available and useful data are absent. Apparent discrepancies
in available catch size estimates for this species were
considered attributable to a shift in target species and changes
in the operational range of the fishery (Abella et al., 2005;
Taleb Bendiab et al., 2012; Bekada, 2014; Capapé et al.,
2014).

The objective of this study is to provide data on the growth
and sexual maturity of the lesser-spotted dogfish by
qualitative analysis of male and female sex organs size of this
species in the western part of the Algerian Mediterranean
coastal fishery between Beni-Saf and Oran Bay. These data
are considered important for the fishery management of this
species in Algeria.

Material and Methods

The Algerian coast extends over 1280 km, and comprises
two regions, eastern and western fishing areas. The western
region extends over 500 km, from the Moroccan border to
the western part of Algiers (including the Gulf of Oran).
Trawlers mainly operating in Oran Bay target depths up to
400 m and the fishing activities are mainly concentered
between Beni Saf and the Gulf of Oran. The fish are mainly
landed in the Port of Oran (Zelmat, 2009; Bekada, 2014).

For this study, lesser-spotted dogfish specimens were
collected from the fish market at the port of Oran on a
monthly basis between January and December 2014. A total
of 460 individuals, 209 males and 251 females, were
dissected and the organs were examined and analyzed.
Specimens of each sex were studied separately. The
proportions of males and females were calculated for each
monthly sample. The total length and weights were recorded
for both males and females and for the former the internal
clasper length was measured. A qualitative assessment of
female maturity was based on the condition of the
gonad/duct system and the width of the nidamental (egg-case
secreting) gland. Categories of sexual maturity were
determined in females from the morphology of the ovary and
the reproductive tract following Henderson & Casey (2001),
Capapé et al. (2008a, 2008b & 2014) and Kousteni et al.
(2010). Clasper length (CL) was measured from the anterior
rim of the pelvic girdle to the clasper tip following Collenot
(1966) and Capapé et al. (2014). The testes were extracted
and weighted. For both males and females, three stages were
considered:

e Stage 1. Juvenile phase with short and flexible claspers,
testes and genital ducts discreetly developed (males)
undeveloped ovaries, threadlike oviducts and inconspicuous
oviducal glands (females)

e Stage 2. Sub-adult phase with developed claspers
bordered by pelvic fins, testes increasing in mass, no
spermatocytes externally visible, genital duct slightly
convoluted anteriorly (males), ovary showing translucent
follicles, well differentiated genital duct, oviducal glands
visible and slightly round (female)

e Stage 3. Adult phase with claspers elongated, calcified,
and rigid, slightly longer than pelvic fins that still surrounded
them, testes well-developed with spermatocytes externally
visible (male); genital duct twisted, a single functional ovary
containing batches of yolky oocytes and fully developed
genital ducts, oviducal glands conspicuously rounded with
mass considerably increased, usually with one egg case in
one or both oviducts at egg laying (female), following
Henderson & Casey (2001), Kousteni et al. (2010) and
Capapé et al. (2014). Size at sexual maturity was determined
in females from the observations of ovaries and of the
morphology of the reproductive tract
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The linear and exponential regressions were expressed
in decimal logarithmic coordinates. Correlations were
assessed by least squares regression. In the relationship
between mass and total length; and among clasper length
and total length, comparisons of curves were carried out by
using ANCOVA. ANOVA and ANCOVA were performed
by using logistic model MINITAB 16.

Results

Growth and sex ratio

The parameter measurements (total length, clasper length,
total weight and testes mass), are presented in Figures 1-5.
The highest abundances of this dogfish in the Oran fish
market was mainly observed during the period of February-
March for females (Fig. 1) with the largest sizes in March
and the highest abundance for males in April (Fig. 2). The
male sizes ranged between 28.5 and 55 cm and female sizes
between 28 and 49 cm (Fig. 3).
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Figure 1. Scyliorhinus canicula. Total number, average,
minimum and maximum for the total length of females (N = 251).

The demographic structure of the lesser-spotted dogfish
specimens characterized the population as consisting
mainly of medium-sized individuals (38-48 cm TL (Fig. 3)
and weight 189-365 g). Sub-adult males (37.5-40 cm TL)
had the elongated and rigid claspers. The smallest sexually
mature male observed was 37.5 mm TL and weighed 189 g.
The observed juveniles ranged between 27.5 and 37.5 cm
TL and weighed between 99 and 170 g; 45 juveniles were
observed, and all males above 42.5 cm TL were adults. The
largest male was 55 cm TL and weighed 454 g. The adult
males were observed throughout the year, except during
November.

Except in April and September, females formed the
greatest proportion of the sample population during the
year (Fig. 4). Fluctuations in the proportion of females
during autumn and winter could be related to the early
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Figure 2. Scyliorhinus canicula. Total number, average,
minimum and maximum for the total length of males (N = 209).
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Figure 3. Scyliorhinus canicula. Total length distribution in
the Oran bay during the study period.
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Figure 4. Scyliorhinus canicula. Monthly changes in
proportions of females and males during the period January 2014-
December 2014.
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maturation period of the ovaries. March and April seem to
correspond to a sexual rest or post-spawning period (Taleb
Bendiab et al., 2012). Specimens from 37 to 43 cm of total
length are mostly females. Large individuals are
represented only by males with a total length of 45-50 cm.
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Figure 5. Scyliorhinus canicula. Females showing the ovary stages with yolky oocytes (Yo Ooc), the nidamental gland (Ni Gl) and
egg capsule (EC) inside the genital tract. Scale bar =2 cm.

The relationship between total length and total weight is
very similar between females and males (Figs 6 & 7). The

exponential regression for females is: TW = 0.0005 TL3-5482 450 - .
(R2 = 0.9655, p < 0.001) (Fig. 6)and for males is TW = w00 - TW = 0.0005 TL35482 :'
0.002TL3.10% (R2 = 0.9526, p < 0.001) (Fig 7). R?=0.9655 (p < 0.001)

350 .
Sexual development C
The relationship between the total length and the claspers ;:f sy
indicate the sexual phases of male. The juvenile males g

ranged from 27.5 to 37.5 cm total length and weighed from 200 -
99 to 170 g. Sub-adults ranged between 38 and 45cm and
weighed between 145 and 345 g. This phase is represented
throughout the year, with a peak in April and December. All 100 -
specimens above 46 c¢cm in total length are adult showing
the elongated and calcified claspers. The relationship

25 30 35 40 45 50

between total length and clasper length is a linear equation Total length (cm)
(Fig. 8). The coupling elements become rigid claspers and
increased in size but they do not exceed the length of the Figure 6. Scyliorhinus canicula. Relationship between total

pelvic fins that limited them. The smallest sexually mature weight (g) and total length (cm) in females.
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Figure 7. Scyliorhinus canicula. Relationship between total
weight (g) and total length (cm) in males.
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Figure 8. Scyliorhinus canicula. Relationship between total
length (mm) and clasper length (mm).

male observed was 39 cm and weighed 295 g. The juvenile
phase includes individuals with poorly developed and very
flexible claspers. In the sub-adult phase, the growth
claspers rate increases gradually and are rigid in the adult
phase. The relationship between total length and testis
weight is plotted in figure 9 and significant linear
regression is noted.

The development of sexual maturity in females (Fig. 5)
and in males (Figs 8-10) was considered separately. There
is no external morphological character indicating the
attainment of sexual maturity in females. Internally the
changes in reproductive structures during the three stages
of development in the female are however striking (Fig. 5).
Females in the juvenile phase show no vitellogenesis
activity and ovary has the appearance of a small and
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Figure 9. Scyliorhinus canicula. Relationship between total
length (mm) and testes mass (dg).

inconsistent grey mass. The genital tract is threadlike and
membranous. Ovary walls are thin with oocytes extremely
small; nidamental glands undeveloped (Fig. 5A). After the
juvenile stage, the ovary expands and takes a warty form in
the sub-adult phase as oocytes multiply towards the
periphery of the gland (Fig. 5C). They grow slowly, being
translucent and greenish at first and gradually turn yellow.
The oocytes (Fig. 5B) are in the low vitellogenesis growth
phase. The genital tract continues to grow; the tubes and
oviducts thicken and bulge. The nidamental glands separate
from other organs and eventually become rounded laterally.
During the adult phase, vitellogenesis activity is intense
and ongoing. This results in a rapid growth phase and
vitellogenesis culminates in the formation of mature
oocytes in preparation for fertilization. The reproductive
tract of adult females then acquires its final form (Fig. 5C-
D ). The walls of the various constituents are thick and
muscular. The nidamental glands are noticeable and large
and egg capsules are formed.

Adult testes are elongated mass form, richly
vascularized in the elliptical section (Fig. 10 A-D). Changes
shown in this figure show the marked size increase in both
testes from 3-4 cm in length at the earliest stage to around
12 cm by the late stage. Both testes are poorly
vascularization during the juvenile stage (Fig. 10D) but by
the sub-adult stage (Fig. 10C) both vascularization and
tissue growth have increased considerably. The mature
testes are firmer, reddened and very well supplied with
blood (Fig. 10A) and the sperm ducts are fully formed by
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Figure 10. Scyliorhinus canicula. Stages of the testis maturation. Scale bar = 2 cm.

this stage (not shown). The right testis was the most
developed in all specimens (Fig. 10A-C).

Discussion and Conclusion

The small-spotted dogfish was studied in the Mediterranean
Sea by examining weight-length relationships, sexual
dimorphism, and depth distribution pattern in some areas in
Algeria. Similar studies on the development characteristics
of this species have been carried out in other regions of the
Mediterranean Sea (Taleb Bendiab, 2012), Tunisia (Capapé
et al.,, 2014) and in North Aegean Sea (Kousteni et al.,
2010). The present study has focused on basic information
regarding the reproductive biology of the species
population in the bay of Oran area. The morphometric data
indicate that this fish reaches sexually maturity earlier and
begins to reproduce at a smaller length in the
Mediterranean Sea in comparison with East the Atlantic
Ocean. Similarly differences in size in favor of males were
also reported for different areas of the Mediterranean Sea
by Rodriguez-Cabello et al. (2007), Capapé et al. (1991,

2008a, 2008b & 2014), and Taleb Bendiab (2012). These
authors suggested the size difference between females and
males could be related to the reproduction period with large
females moving to specific reproduction habitats where
they are less accessible to fishing gear (Rodriguez-Cabello
et al., 1998).

Studies conducted by several authors in different areas
of the Mediterranean and Atlantic, confirm that the length
of first sexual maturity is similar for males and females.
However, important differences in the size at maturity
between the Atlantic and Mediterranean populations are
reported, with small-spotted dogfish maturing between 520
and 600 mm at Roscoff and between 370 and 475 mm at
Banyuls (Kousteni et al., 2010). Size ranges of male and
female fish were also reported by Kousteni et al. (2010)
were 37.1-48.8 and 36.4-46.7 cm for males and females
respectively so compared with the Oran data (28.5-55 and
28-49 cm) this indicates that the Oran fishery may be better
developed and that fishing intensity may be less as larger
fish were recorded for the latter. Furthermore, in this study
the fish matured between 380 and 450 mm and weighed
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between 145 and 345 g (males and females) and this growth
phase is represented throughout the year, with a peak in
April and December. Our data indicates that sexual
maturity of male fish was reached at about 38 cm and this
compares favorably with that reported in the literature
(Henderson & Casey, 2001; Kousteni et al., 2010; Capapé
et al., 2014). The sexual development in the Oran
specimens was assigned to stages that broadly
corresponded to those described previously recognized
(Sumpter & Dodd, 1979) and where the presence of mature
oocytes and development of egg capsules in the genital
tract are the main criteria of sexual maturity (Fig. 5D)
Parameters that distinguish mature from immature
specimens of Sciliorhynus canicula are the weight and
width of the nidamental gland in females and testes form
and the clasper outer length in males. Male sexual maturity
is manifested by morphological changes in the urogenital
tract as reported by different authors (Capapé et al., 2008a,
2008b & 2014; Kousteni et al., 2010; Taleb Bendiab, 2012).
Capapé et al. (2014) indicated 40 cm TL for the smallest
sexually mature male and this size is probably related to the
sample size and periods in different regions of the
Mediterranean Sea. Catch data for the lesser-spotted
dogfish population in coastal waters of western Algeria
showed that fish with an average size ranging from 35 to 45
cm were the most targeted and these corresponded to sub-
adults and adults based on sexual maturity of the
reproductive organs). However, large quantities of
immature individuals (28.5-37 cm) are also caught
contributing to overfishing of the species in the studied
area. This study of growth and sexual maturity of S.
canicula, indicates that inshore fishing is applying
considerable pressure to the brood stock but as yet there is
little evidence that the current stock is being depleted
unsustainably. It is well known that increased fishing
reduces mean size and loss of older fish and the Oran stock
seems better placed than that of the north Aegean Sea (see
Kousteni et al., 2010). Where target fisheries are changing,
longer term data are needed to establish catch stability
trends and consideration to climate change forcing effects
on food availability also needs to be given (Perry et al.,
2010). In the short-term however, it should be noted that
depletion of targeted ground fisheries, for example in the
Georges Bank area (North America) and elsewhere (Rogers
& Ellis, 2000), and prescient new target fisheries can lead
to increased dogfish catches (Fogarty & Murawski, 1998).
Globally however estimated cartilaginous fish stocks are
generally in decline although by-catch losses are
unrecorded and the main the fishery is unmanaged (Stevens
et al., 2000). For the Oran lesser spotted dog fish stock,
increased fishing effort by the trawler fleet can only add
pressure on the sustainability this fishery resource.
Although TUCN and other studies indicate the lesser

spotted dogfish stock is not over-exploited this is expected
to change in the future as fishing intensity increases. It is
therefore prudent to use fisheries management instruments
to reduce fishing effort in the inshore zone are continue
careful monitoring of the stocks. Fishing effort can be
reduced by transferring the commercial Oran fishery to
offshore zones, beyond 3 nautical miles and so help off-set
any future collapse of the fishery stock in the western
Algerian Mediterranean coastal zone.
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Abstract: The reproduction of Pagellus acarne caught in Oran Bay was studied. The samples used were sorted monthly
from commercial catches of coastal trawlers operating in this area from April 2008 to July 2009. The overall sex ratio was
in favor of females 1:1.27 and length frequency distribution according to sex revealed that the females were highly
representative beyond 20.5 cm of total length presuming a sexual inversion already described for this sparidae. The
estimated lengths at maturity (L,,) were 12.8 cm for females and 16.0 cm for males. Two spawning periods were made out
by the follow-up of the gonado and hepato somatic indexes: a spring period from April to June with a peak in May and an
autumnal period, between November and January with a peak in December. The closed season in Oran Bay extends from 1st
May to 31th August, which is to our opinion insufficient to safeguard the renewal of the resource and its spawning stock.

Résumé : Biologie de la reproduction chez Pagellus acarne (Risso, 1927) (Teleostei : Sparidae) au large des cotes
algériennes occidentales (Méditerranée occidentale). L’étude a cerné le cycle reproducteur du pageot argenté Pagellus
acarne péché dans la baie d’Oran. Les spécimens provenaient mensuellement de la péche chalutiere commerciale entre
avril 2008 et Juillet 2009. Le sex ratio était en faveur des femelles 1:1,27 et la distribution des fréquences de taille par
rapport aux tailles des individus a révélé que les femelles étaient majoritaires au-dela de 20,5 cm de longueur totale reflétant
sans doute le phénomeéne d’inversion sexuelle déja décrit pour ce sparidé. La taille de premicre maturité sexuelle a été
estimée a 12,8 cm pour les femelles et 16,0 cm pour males. Le suivi mensuel des indices gonado- et hépato-somatiques nous
a permis de mettre en évidence deux périodes de ponte : 1’une printaniére d’avril a mai et la deuxieme automnale entre
novembre et décembre. La fermeture de la péche au chalut s’étale du 1er Mai au 31 Aolt, ce qui est de notre point de vue
insuffisant pour préserver le renouvellement du stock reproducteur ainsi que celui de la ressource.

Keywords: Pagellus acarne e Oran Bay e Reproductive cycle e Sex-ratio @ Spawning season e Size at first maturity.
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Introduction

The quantity of fish caught annually in Oran Bay makes that
this port provides almost cities in western Algeria in fish and
seafood. To preserve this natural wealth, we found it useful
to focus on the axillary sea bream Pagellus acarne (Risso,
1827) one of the main sparidae species caught by trawl in the
Algerian waters and representing an important part of fish
landed in Oran fishery (Bensahla Talet & Boutiba., 2000).
The axillary seabream is a species of commercial importance
representing 24.28% of total demersal fish landed annually.
From an ecological point of view, Pagellus acarne is one of
the most important species in typifying the demersal fish
community of coastal shelf (Colloca et al., 2003; Busalacchi
et al., 2010). Fished at depth ranging between 100 and 350 m
(pers. obs.) it has been captured by gill, trammel nets and
longline but the trawl stay the most appropriate gear for this
species in Oran Bay.

Several studies have been carried out on this species in
the Mediterranecan Sea focusing on its biology and
population dynamics (Le Trong-Phan & Kompowsky,1972;
Andaloro, 1982; Santos et al., 1995; Lamrini, 1996 & 1998;
Arculeo et al., 2000; Dominguez, 2000; Pajuelo & Lorenzo,
2000; Coelho et al., 2005; Recasens et al., 2007; Velasco et
al., 2011). However, biological studies of this species in
Algerian coasts are very scarce (Bensahla Talet et al., 2010
& 2013; Boufersaoui & Harchouche., 2015). Therefore, the
present study aims to estimate reproduction parameters of
this species for the first time, to help comparative studies
in the W. Mediterranean, allow renewal of the resources
and management implications.

Material and Methods

Specimens of P. acarne (n = 892) were caught by trawlers
operating in Oran Bay located on the North West of
Algerian coasts (Western Mediterranean Sea) situated
between ‘“Pointe de I’Aiguille” and “Cap Falcon”
(35.95°N-0.65°E) (Fig. 1) at depths ranging between 100
and 350 m between April 2008 and June 2009.

At the laboratory and for each individual, were recorded
the total length (TL), measured to nearest millimeter with
an ichthyometer (£ 1 mm), the total weight (TW), and
gonad weight (GW) using a digital precision balance
(= 0.01g).

Sex-ratio

The sex-ratio was calculated monthly during the study
period in relation to individual sizes (I cm class interval)
and seasons with the following formula:

(D
_ nF'
SR—in_,_anlOO

1°00° 050" 040 OPD0" OFR0° 01M15' 01MI0° O0M00"  00M10°
v v T v _ T v T T

Mediterranean Sea

13600

13550

435%40°

Oran

0km
—

" M M A " A N
00" 050" M0" 0300 oW 115 110" 0000°  00M10°

Figure 1. Map of the study area (Oran Bay).

where nF is the number of females and nM the number of
males.

In order to detect statistically significant deviations
from the expected 1:1 ratio, the chi-square (¥2 P < 0.05)
test was used (Sokal & Rohlf, 1987).

Spawning period

For the description of the sexual cycle of P acarne,
several approaches were used:

e The maturation scale was established following Holden &
Raitt (1975) macroscopic scale, while microscopic
description was based on (Aboussouan & Lahaye, 1979)
with slight modification to fit . acarne gonad development.
Both being based on the macroscopic aspect, relative
dimensions and microscopic characteristics of the gonads (I:
immature, II: resting, III: ripe, IV: ripe and running, V:
spent).

e Between 10 and 30 specimens of P. acarne were selected
each month for histological examination of sexual organs
that was dropped in Bouin’s fixative solution for 48 h,
dehydration was done with increasing concentrations of
acetone/toluene then fragments were embedded in paraffin
wax. Gonads were sectioned with microtome to 5-6 pum
sections and stained with hematoxylin-eosin.

e Monthly evolution of the gonado-somatic (GSI) and
hepato-somatic (HSI) indices as follows:

_GW ()
GSI = WX].UO

where GSI is gonado-somatic index, GW is gonad weight
and TW is total weight.

_Lw 3)
HIS = WX 100

where HSI is hepato-somatic index, LW is liver weight and
TW is total weight.

The nucleoplasmic ratio is considered to be closely
related to the mitotic cellular cycle and to the functional
phase of cells. It is also a good indicator of dynamic changes
in cells. The nucleoplasmic ratio (NPR) is expressed



L. BENSAHLA TALET, M. GHERRAM, F. DALOUCHE, A. BENSAHLA TALET, Z. BOUTIBA 3

mathematically as:

___Nd 4)
NPR=Ca-Na

where Nd is the nucleus diameter and Cd is the total cell
diameter

Fulton’s condition factor (k) was calculated using the
equations given by Htun-Han (1978) as:

k=% 100 )
where W is the body weight in g, L is the total length (TL)

in cm. According to Froese (2006), the factor 100 is used to
bring k a value close to unity

Size at first sexual maturity

Size at first sexual maturity (L,) was defined as the
size class at which 50% of individuals are mature.
Specimens were grouped into lcm size classes and the
proportion of mature and immature individuals was
recorded. The total length at which 50% of the specimens
were mature was estimated by a logistic non-linear least-
squares regression (King, 1995):

P = 1/[1 + eaL-L )] (6)
where P is the percentage of mature individuals, a is the
slope of the curve or rate of increase in maturity, L, is
length at 50% maturity and L is the 1 cm length class.

Results

In total, 892 specimens of Pacarne were collected, 272
males (30.49%), 347 females (38.90%), 65 hermaphrodites
(7.29%) and 208 unsexed (23.31%). The length frequency
distribution of the entire population is shown in figure 2,
male length range was 13.0 to 23.0 cm, female length range
was 13.0 to 26.3 cm while hermaphrodite length range was
17.5 to 25.7 cm.

The overall ratio of males to females was 1:1.27 and 2
analysis showed this to be significant (y2 = 9.08,

BMales BFemales OHermaphrodites

Frequency (%)
2z

0% -
13.5 14.5 155 16.5 17.5 185 19.5 20.5 21.5 22.5 23.5 24.5 2555 265

Total length(cm)

Figure 2. Pagellus acarne. Length frequency distribution of
males and females caught in Oran Bay.

%1005 = 3.84). Sex-ratios of males and females by size
intervals departed significantly from 1:1 ratio from 22 cm of
total length were females predominate beyond this length,
while for smallest length classes the ¥2 test didn’t reveal any
statistical difference.

Maturity stages

Females with ripe gonads (Stage III) were observed (Fig. 3)
in two periods of the year, the first one between April and
June and the second in autumn, ripe and running gonads
(stage 1IV) were also met in the same interval and are
dominant in May of each cycle, spent fish (stage V) were
recorded in late spring with high values in June while the
remaining period of the year gonads in stage II were
dominant marking the sexual rest period of this sparidae.

on gm oy =y

100 sEeEeleE B EaRelE

50

Frequency %

AMIJ J A SONDIJ FMAM/
Months
Figure 3. Pagellus acarne. Maturity stages of females from

Oran Bay. (II: resting, III: maturing, IV: ripe and running, V:
spent).

Microscopic analysis

Microscopic analysis of Pagellus acarne gonads allowed us
to describe the following stages.

Ovaries
e Immature period: oogonia constituting the reserve batch
are small round cells not exceeding 40 um with a clear
nucleus (Fig. 4A), some of them have already began their
first cellular division.
e Resting period: During this stage (Fig. 4B-D) the oocytes
are spherical (about 60 pum) cells arranged as ovarian
lamellae with a homogenous and transparent cytoplasm
having numerous nucleoli mixed to a large nucleus
containing dense chromatin (NPR, nucleoplasmic ratio at
its maximum 0.6).
e Maturing period: during previtellogenesis, ovogonia
undergo progressive increase in size reaching (Fig. 4E-F) of
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Figure 4. Pagellus acarne. Ovarian histological slides of females gonads (A-M) stained by haematoxylin-eosin. Resting ovary with:
A. Initial peri nucleolar oocytes (O;) x100. B. Advanced peri nucleolar oocytes (Oy) with large nucleus and homogenous cytoplasm x400.
C. Advanced peri nucleolar stage with a homogenous cytoplasm and several nucleoli peripherally arranged x400. D. Maturing ovary
containing previtellogenic (Oyyp) presenting large nucleus surrounded by several lipoprotein vesicles x100. E. Vitellogenic oocytes with
large translucent vitelline vesicles and thin zona radiata (Oy) x400. F. Early maturing large Oyj; with important nucleus, nucleoli, thick
zona radiata and apparition of granulosa x400. G. Nucleus surrounded by nucleoli x1000. H. Hydrated large oocytes (mature) Opy ready
to be released with numerous important lipid vesicles fused with the nucleus x40. I. Hydrated large oocytes (mature) x100. J. Hydrated
large oocytes (mature) OIV ready to be released with numerous important lipid vesicles fused with the nucleus x40. K. PHydrated large
oocytes (mature)x100. L. Beginning of atrisea x100. M. Post-ovulatory follicle x400.

Cal: Cortical alveoli; Fe: Follicular cells; Gr:granulosa ; Gv: Germinal vesicle; Lv: Lipid vesicle; M: oocyte membrane; N: nucleus;
Nu: Nucleoli; O:oocyte; O:00gonia; Pof: Post-ovulatory follicle; Th: theca; Vg: Viteline pglobules; Zr: Zona radiata.
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up to 217.6 pm with an average NPR equal to 0.41. The
period is mainly characterized by a clearer central nucleus
containing some supernumerary nucleoli distributed at the
periphery; the appearance of thousands of cortical alveoli
that marks the beginning of the endogenous lipidic
vitellogenesis; granulosa and zona radiata becomes visible.
e Vitellogenesis period (pre-spawning): this phase is
characterized by a rapid increase in the size of the oocytes
(422 pm), resulting from a massive entry of the proteinic
yolk, also the vitelline vesicles are rounded and colored in
red marking the exogenous vitellogenesis. (Fig. 4G & H).
Lipid inclusions (colorless) move massively near the
nucleus and fuse with it (Fig. 4H). The central cytoplasmic
zone is filled and repels the cytoplasm at the periphery. The
NPR decreases to attain 0.36.At this stage, the oocyte
membrane is enveloped by a protective thick membrane
zona radiata, measuring 7.26 pm, the whole is enveloped
by one layer of ovarian cells forming the granulosa, and the
fibrous theca (Fig. 4G).

e Ripening and spawning period: The nucleus moves to the
animal pole to initiate the first meiotic division (Fig. 4I).
The ovary is full of mature oocytes characterized by fusion
of the yolk vesicles into a single hyaline vacuole, hence the
name of hyaline mature oocytes (Fig. 4] & K), their
diameter is at most 500 pum.

e Post spawning: Some un-emitted mature oocytes enter
atresia; the cytoplasm becomes disorganized, the nucleus
enters into pycnosis and the yolk disintegrates into a
compact cluster. Remains in the ovary only the oogonia
reserve that will be activated during the next spawning
season (Fig. 4L & M). At the end of the laying period, the
fish enters the resting phase. The ovary gets back to its
initial appearance, recognized by the presence of the
ovigerous lamellae (Fig. 4B). The presence of the atretic
oocytes marks the end of the spawning season.

Testes

Parallel to the study of oogenesis, we followed
spermatogenesis. The testes were mature at the same time
as the ovaries. The testicles are formed of a multitude of
oval ampoules separated by a connective tissue (Fig. 5).
Seminiferous tubules are composed of isogenic cysts at
different stages of maturation (Fig.5B & C). At maturity,
spermatids are transformed to spermatozoids that are
dumped in the central lumen then in the deferent ducts.

Hermaphrodite gonads
Pagellus acarne exhibits a protandric hermhroditism already
described (Alekseev, 1967; Andaloro,1982; Lamrini, 1986;
Pajuelo & Lorenzo, 1994 & 2000; Arculeo, 2000; Erzini et al.,
2001; Coelho et al., 2005) and during our sampling period 65
individuals were hermaphrodites presenting the two sexes in the
same gonad, the ovotestis. The histological analysis of ovotestis
allowed us to examine germinal tissues for males and females

which co-exist. The female part is not yet functional and is
represented in each case by oogonous cells and few ovocytes |
(Oy) arranged in ovigerous lamellae. The male part is active and
is made of seminiferous tubes containing isogenic cysts at
different stages of spermatogenesis (Fig. 6)

Sexual cycle and spawning period

The gonado-somatic index (GSI) was used to determine
the reproductive period, which was calculated from samples
taken monthly. For females, the maximum GSI value was
3.36 in May and 3.29 in December while for males the
highest values were 3.57 and 1.90 in the same period. The
rest of the year and for the both sexes, the GSI values
decreased considerably in summer and February-March
period confirming the sexual rest period (Fig. 7) which is in
accordance with our macroscopic observation on maturity
stages of P. acarne.

The monthly changes in hepato-somatic index (HSI) for
both sexes followed the same pattern of gonado-somatic
index reaching the maximal values in mid spring and
autumn respectively 1.99 and 0.79% for males and 1.64 and
1.77% for females. However, the HSI values recorded
during these two periods of the year highlight the important
metabolic role of the liver in the reproductive cycle of the
species. The variations in the condition factor (k) were not
very palpable. In fact, k values varied between 0.110 and
0.134 for males and between 0.110 and 0.143 for females
all over the sampling period showing that P. acarne doesn’t
undergo important physio-morphological changes during
the sexual cycle

Size at first sexual maturity

Proportions of mature specimens analysis (Fig. 8) for each
sex showed statistical differences (t-test, t = 15.35 > t; 95 614
= 1.65), in fact 50% of females were mature before males at
12.75 cm of total length and males were mature at 15.99 cm
of total length in Oran Bay.

Discussion

The predominance of males in smaller length classes and
females in larger classes is probably due to protandric
hermaphroditism already described for this species (Le
Trong-Phan & Kompowsky, 1972; Andaloro, 1982; Pajuelo
& Lorenzo, 2000; Coelho et al., 2005; Velasco et al., 2011;
Bensahla Talet et al.,, 2010 & 2013; Boufersaoui &
Harchouche, 2015), specimens being first males and
becoming progressively females.

Evolution of sex ratio in relation to length classes allow
us to affirm that sexual inversion for this sparidae occurs at
22 cm of total length which is in accordance to observation
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Figure S. Pagellus acarne. Spermatogenesis stages. A. Overview of seminiferous tubules x40. B. Isogenic cyst at different stages of
maturation x100. C. x400. D. x1000. E. x100. F. x400: spermiation at the beginning. G. x400. H. x1000: mature testicle showing
seminiferous tubules with lumen full of spermatozoa with their flagella x400.

Fl: flagella; Lu: central lumen; Sp I:spermatocyte I; Sp II: spermatocyte II; Spz: spermatozoa; Std: spermatids; St: seminiferous
tubule.



Frequency %

Frequency %o

L. BENSAHLA TALET, M. GHERRAM, F. DALOUCHE, A. BENSAHLA TALET, Z. BOUTIBA

Figure 6. Pagellus acarne. Section in hermaphrodite gonad. A. and B. x100. C. Mature male gonad with immature female part x1000.
O: Ovary; Oy: ovocyte I; Oo: Oogonia; Spz: Spermatozoa; St: Seminiferous tubule; T: Testis.
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already made by other authors working on the same
species: 20.5-20.9 cm (Dominguez, 2000), 20-24 cm
(Coelho et al., 2005), 21.5-23.5 cm (Velasco et al., 2011).
Conducted studies on the reproduction period of P.
acarne showed that this species had one long spawning
season that extends from May to October in south Spain
(Dominguez, 2000; Velasco et al., 2011) and Portugal
(Neves Santos et al., 1995; Coelho et al., 2005) with an
important peak in summer. In western Algerian coasts the
monthly evolution of the different indexes showed that this
sparidae had two spawning periods the first one between
April to June with a peak in May and an autumnal period,
between November and January with a peak in December a
finding already described in Algiers Bay (Boufersaoui &
Harchouche, 2015) for the same species, also in Sarpa

-

Figure 7. Pagellus acarne. Monthly changes in the gonado-
somatic, hepato-somatic indexes and condition factor (GSI, HIS
and k) of males and females caught in Oran Bay.
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Figure 8. Pagellus acarne. Sexual maturity ogives for males
and females caught in Oran Bay.

genus (Corbera et al, 1996; Mendez, 2001; Criscoli et al,
2000).

Unlike, spawning period of the axillary seabream in the
eastern Atlantic begins in autumn and ends in spring, from
November to March with a maximum in winter (Le Trong-
Phan & Kompowsky, 1972; Lamrini, 1986; Pajueclo &
Lorenzo, 2000). While this process occurs in August in the
Italian waters (Arculeo et al., 2000) and in autumn along the
Egyptian coasts (Faltas, 1995). It appears that, P. acarne has
a tendency to spawn in winter and mid spring in low latitudes
and late during the rest of the year in high latitudes.

In the other hand, some authors (Wootton, 1979; Pajuelo
& Lorenzo, 2000; Mouine et al, 2007) link these regional
differences in time and duration of the spawning act with
biotic and abiotic factors such as hydro dynamism,
temperatures, salinity and food availability in the different
regions of the Mediterranean basin. In fact, the reproduction
period is correspondingly much longer when environmental
conditions are favorable (Gongalves & Erzini, 2000), the
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upwellings and related zooplankton abundance can also
affect many species reproduction (Parrish et al., 1981).

For the length of first sexual maturity (table 1),
Dominguez (2000), Pajuelo & Lorenzo (2000), Velasco et al.
(2011) reported it between 19 and 21.7 cm in Spanish waters.
In Italian coasts Andaloro (1982) recorded it at 16.5 cm while
in Portuguese waters Coelho et al., (2005) found it equal to
17.6 cm for females and 18.1 cm for males. In the eastern
Atlantic, the size at the first sexual maturity was comprised
between 19 and 20.9 cm of TL (Le-Trong Phan &
Kompowski, 1972; Lamrini, 1986). In the Egyptian waters,
the first sexual maturity is reached for most of the population
at sizes between 14 and 19 cm of TL (Faltas, 1995). In
Algerian waters, Boufersaoui & Harchouche (2015) found
females to be mature at 16.45 cm while males were mature
at 16.80 cm while in Oran Bay first sexual maturity was
reached at 12.75 cm for females and 15.99 cm for males
precociously compared to females in other regions of the
Mediterranean Sea.

The richness of Algerian waters is probably due to
Algerian current which is considered to be the most energetic
in the Mediterranean basin (Taupier-Letage & Millot, 1988;
Mortier, 1992; Salas et al., 2001). In fact, the entrance of
Atlantic waters via the strait of Gibraltar generates important
upwelling’s enhancing the development of plankton first link
of the aquatic food web. Differences in sizes at first sexual
maturity can be attributed to the geographic location of the
studied areas and consequently to the different
environmental conditions, such as temperature, salinity and
food (Gongalves & Erzini, 2000; Moutopoulos & Stergiou,
2002; Bottari et al., 2014).

The MLS (Minimum Landing Size) set for P. acarne at
15 cm of TL according to Algerian legislation (Executive

Table 1. Length at first sexual maturity of Pagellus acarne given by different authors. M: Males, F: females, Lm: length at first sexual

maturity (cm).

Region L, Author
M 18.10
Coelho et al., 2005
Portugal F 17.60 octo et at,
Atlantic 20.95 Neves Santos et al., 1995
19.00 Le-T Phan & K ki, 1972
Morocco e-Trong Phan ompowski,
20.90 Lamrini, 1986
M 15.80
Canary Island Pajuelo & Lorenzo, 2000
F 19.40
Spain Atlanti 21.70
ante 20'10 Velasco et al., 2011
Alb S ' .
oran sea 19.00 Dominguez, 2000
. M 15.99
Algeria Oran Bay F 1275 Present study
Italy Tyrrhenian Sea 16.50 Andaloro, 1982
Egypt Alexandria 14.00-19.00 Faltas, 1995
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decree n° 2004-86 of 18 March 2004), seems to be
insufficient given that it is higher than the length at first
sexual maturity found during our study (12.75 cm for
females and 15.99 cm for males), it would be recommended
to increase this length and set it at 18 cm assuring the
renewal of the resource.

Conclusions

The sparidae family constitutes an important portion of daily
landed demersal fish in Algerian fisheries and P. acarne is
of commercial importance to local and national
fisheries. According to Algerian legislation, the trawl

fisheries closure from the 15t May to the 1St August
(Executive decree n° 3-481a of 24 April 2004) aiming to
protect renewal of the national resources is to our viewpoint
insufficient to insure this objective. We can suggest the
increase of the Minimum landing size and the
establishment of two closure fishing periods per year to
allow renewal of the resources by protecting juvenile and
adult spawners from excessive fishing.
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A reproductive study was conducted on 320 individuals of common Pandora Pagellus erythrinus, from Oran Bay
providing information for a more understanding of the reproductive cycle. These specimens were sampled monthly during the
landing of coastal fisheries among the whole samples, 86 (29.86%), were males and 202 (70.14%) were females. The monthly
sex ratio showed significant differences between males and females. Females outnumbered males at size 16.5cm and 28.5cm.
high gonad index values associated with advanced stages of maturity were observed in P.erythrinus females between April

and July, less important values were recorded in October while size at first maturity Lz, for females occurred at 12.5cm.

Keywords: Sparidae, Common Pandora, Pagellus erythrinus, Reproduction, Oran Bay.

Introduction

The common pandora, Pagellus erythrinus
(Linnaeus, 1758), which belongs to the family of
Sparidae, is a valuable species for aquaculture and
fisheries (Metin, ilkyaz Soykan, & Kinacigil, 2011).
It is a gregarious demersal species living on rocky and
muddy—sandy bottoms, between 20 and 300 m depth
(Whitehead., Bauchot & Hureau 1986; Mytélineou,
1989; Santos, Monteiro, & Erzini, 1995). It has been
reported in the Black Sea, the Mediterranean Sea and
the eastern Atlantic from Norway to Angola (Bonnet,
1969; whitehead et al, 1986; Fischer et al, 1987; Fredj
& Maurin, 1987; Froese & Pauly, 2014).

Investigations  carried out in  different
Mediterranean areas showed that common pandora,
preferably, inhabits on the continental shelf
(Spedicato, Greco, Sophronidis, Lembo, Giordano,
& Argyri, 2002) Depending on size, common
pandora is widely distributed from shallow coastal
waters to 300 m depth. (Orsi Relini & Romeo, 1985;
Somarakis & Machias, 2002; Spedicato et al, 2002).

P. erythrinus is among the most captured species
for the small-scale fishing fleet in many
Mediterranean countries, playing an important role in
the local micro economy by the volume of catches
and by its high price (Ghorbel, 1996; Pajuelo, J.G.,
Lorenzo, J.M., Méndez-Villamil Nespereira. & Mata,
M. 1996., Hossucu & Cakir., 2003). On the other

hand, this Sparidae is well known and appreciated
also in the Japanese market which has been importing
large quantities of Mediterranean pandora for many
years (Tomiyama, 1974). The result is that this
Sparidae is currently severely overfished in several
Mediterranean countries (Hadjistephanou, 1992;
Ghorbel, 1996; Pajuelo et al, 1996).

Signs of overexploitation of the species standing
stock have been reported in diverse Mediterranean
geographical sub-areas (GSAs) (Vassilopoulou, &
Papaconstantinou, 1986; Jarboui et al, 1998; Abella,
Colloca, Sartor, & Mannini, et al, 2010; Mehanna
2011; Gurbet et al, 2012) and also in Sicilian waters
(Fiorentino, Knittweis, Gancitano, Mifsud, Gravino,
& Gristina, 2012). The current conservation
legislation on fisheries sets the minimum size limit for
this species at 150 mm TL (EU Regulation
1967/2006). Also in Algerian waters this length is the
same (J.O.R.A.D.P, 2004).

Valdés, Garcia-Alcazar, Abdel, Arizcun, Suarez,
& Abellan (2004), reported that the common pandora
is a suitable species for aquaculture in the
Mediterranean and that the correct determination of
the species spawning period is also very important.
Spawning period, sex-ratio, GSI, length at first
maturity and length weight relationship were studied
in different regions such as, Agean sea (Hossucu &
Cakir., 2003 ; Metin, ilkyaz, Soykan, & Kinacigil,
2011), southern Portugal (Coelho, Bentes, Correia,

© Published by Central Fisheries Research Institute (CFRI) Trabzon, Turkey
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Gongalves, Lino, Monteiro, & Erzini, 2010) the value of this species in the Algerian waters and lack
western Mediterranean (Valdes et al, 2004); of sufficient research on this subject for Oran Bay
Tyrrhenian sea (Busalacchi, Bottari, Giordano, make necessary a better understanding of its

Profeta, & Rinelli, 2014). In Tunisia, studies were
conducted from Gulf of Gabés (Ghorbel & Ktari.,
1982) also in the Gulf of Tunis (Fassatoui &
Romdhane, 2010; Zarrad, Cherif, Gharbi, Jarboui, &
Missaoui, 2010), and the Bay of Monastir (Ben s mida
& Hadhri, 2014), El Habougz, Bhar, Rafik & Yousra.
(2009) studied the reproduction of P.erythrinus in
Morocco in Agadir’s Bay.

To date there is no information published on the
biology of this Sparid in Oran Bay, nevertheless a
number of studies were conducted, we mention
(Dieuzeide, Novella, & Roland, 1955); Cherabi,
(1987) in the Bay of Algiers and Rouidi., (2011) in
the Bay of Jijel.

In Oran Bay, the common pandora is of
commercial importance and has been captured by
trawl and artisanal fleet. The landings of this species
reached 67.3 t in 2014, which corresponds to 23.9%
of total production of demersal fishes in Oran’s

reproductive cycle. The present paper consists of an
original study of some reproductive characteristics of
the Algerian sea common pandora including size at
first maturity, sex-ratio for males and females,
variation of Hepato somatic index HIS, condition
factor K and the reproduction period during one year.

Material and Methods

In total 320 samples of P. erythrinus were
collected, 86 males, 202 females and 32 unsexed,
were caught by trawlers fishing in Oran Bay -
35°41'27" N - 0°3830” W (Figure 1), between
February 2014 and January 2015. They were brought
to the laboratory and for each specimen measurements
included total length (TL) to the nearest millimeter,
total weight (TW) and gonad’s weight to the nearest
0.01g. Fish lengths were classified in 1 cm group
intervals Figure 2. Sex was recorded after opening the

fishery according to D.P.R.H., (2014). The economic abdominal cavity and maturity stages were
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determined macroscopically based on morphology
and color of gonads according to (Holden & Raitt,
1975) as follows: stage I, immature; stage Il immature
or in resting phase; stage Ill, pre-spawning; stage 1V,
spawning; stage V, post-spawning.

Sex ratio of males and females was monthly
calculated according to the following formula:

Sex ratio F= (F/(F+M))x100
Sex ratio M= (M/(F+M))x100

F: number of females,
M: number of males.

The sexratio was analyzed by 1cm length class.
Deviation from 1:1 null hypothesis was statistically
tested by x* test. In order to understand the sexual
cycle and determine the spawning period the gonad
somatic index (GSI) was calculated monthly for
females and males:

GSI= GW/TW100 (Htun-Han,1978).

During reproduction fish undergoes
physiological changes due to the mobilization of its
energetic reserves. Thus, the monthly variation of
hepato somatic index (HSI) and the monthly variation
of the condition factor (K) were calculated for
females and males:

HSI= LW/EWW
K = TW/ TL3x1000 (Ricker, 1975).

GW: gonad weight

LW: liver weight

EVW: eviscerated weight
TW: total weight

TL: total length

Size at first maturity (Lso) was estimated for
females from the percentages of mature individuals
(stage M, 1V, V) and the proportion of mature
individuals in each size class (1 cm intervals) was
calculated. A logistic function relating the proportions

of mature individuals to total length of the fish
(Ghorbel et al, 2002) was used. This function makes
possible to monitor the degree of sexual maturity by
size and to accurately estimate the (Lsog), (L2se) and
(L7s9) lengths often used in the majority of stock
assessment models. This function of sigmoid shape is
expressed as follows:

P=11+e®*¥) Ghorbel.,, 2002)

P: proportion of mature individuals;
aand b: constants.
TL: total length in cm.

Results

Total length of males and females ranged from
120 to 380 mm. Of 320 specimens, 86 (29.86%) were
males and 202 (70.14%) were females, 32 were
unsexed.

Sex Ratio

The overall ratio of males to females was 1:2.34
and %* analysis showed a significant difference from

expected ratio 1:1 (X*~ 46.72> X?1,0.05=3.84) Table 1.
Sex ratio by size class showed a dominance of
females in sizes ranging between 12.5cm and 28.5cm
while statistic test didn’t reveal any significance for
size class 16.5cm where males and females were
equal and in size class 30.5cm where males
outnumbered females.

Gonado Somatic Index GS|I, Hepatosomatic Index
HSI, and Condition Factor K

The evolution of mean GSI of males and females
shows similar patterns. The monthly values of GSI
ranged between 0.13 and 3.80 in females and from
0.11 and 2.38 in males. From May to July the mean
values reached the highest values, a second peak was
observed on October. Those values are low from
November to April. Figure 3.

Table 1. Monthly variations of sex ratio for P.erythrinus in the west Algerian coast

Months M F SR% %2
F 8 16 66.67 2.67
M 8 22 73.33 6.53*
A 8 23 74.19 7.26*
M 11 22 66.67 3.67
J 7 17 70.83 4.17*
J 6 21 77.78 8.33*
S 9 19 67.86 3.57
0 9 19 67.86 3.57
N 16 9 36.00 1.96
D 2 17 89.47 11.84*
J 2 17 89.47 11.84*

*statistically significant (P< 0.05). SR: sex ratio
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The analysis of the mean gonado somatic index
indicates that the spawning period extends from May
to July and that there is a secondary spawning period
on October. The sexual resting period takes place
between November and April.

In females, the curve of the HSI showed the
same trend as the GSI. Maximal values were observed
between May and July; a second peak was observed
on October. These values decrease between
November and April.

The condition factor K curve shows difference
between males and females. Higher values of this
factor were observed from May to November and
lower values from February to April in females. In
contrast, male’s condition factor shows fewer

variations than females with two peaks on March and
May.

Size at First Maturity

During our study period from February 2014 to
January 2015 size at first maturity was reached at
12.5cm for females as shown in Figure 4

Discussion

This study & the first to provide detailed
information on the biology of Pagellus erythrinus in
Oran Bay. Common pandora is a hermaphrodite
protogynous sparidae (Girardin & Quignard, 1985;
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Figure 3. Monthly changes in the gonadosomatic index, hepatosomatic index and condition factor of P. erythrinus. (mean+ SD): a. Females;
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Papaconstantinou, Mytilineou, & Panos, 1988;
Livadas, 1989; Pajuelo & Lorenzo 1998), without
sexual dimorphism and presents a sex ratio with a
significant difference between females and males.

The sex ratio was unbalanced in favor of
females, which is in accordance with the results
reported for Mediterranean and Atlantic populations
(Vassilopoulou & Papacanstantinou. 1986; Ghorbel,
1996., Pajuelo & Lorenzo 1998., Busalacchi et al,
2014). The predominance of females can be explained
by protogynous hermaphroditism and an abundance
of young individuals among the stock (Metin., 2011).
The presence of small sized males (primary males)
and large females in our samples suggests that sex
change does not occur in each individual (Busalacchi
et al, 2014).

The common pandora of the western Algerian
coast shows a spawning period extending from May
to July with a second peak on October. In different
areas of Mediterranean Sea as Bay of Monastir (Ben
Smida., 2014), Gulf of Tunis (Zarrad et al,2010), Gulf
of Gabés (Ghorbel., 1996), Southern Portugal (Coelho
et al, 2010) and Canary Islands (Pajuelo & Lorenzo.,
1998), the common pandora have the same behavior
and generally spawns in spring/summer, a second
spawning period in autumn has also been reported by
some authors (Dieuzeide et al. 1955; Ghorbel & Ktari
1982; Vassilopoulou & Papaconstantinou 1990).

For females, the curve of HSI followed the same
pattern as the GSI. Out of the reproduction period the
values are low, increase during the gonadal
maturation and decrease again in spawning period.
This could be explained by the fact that this fish
probably stores its energetic reserves in liver during
the gonadal maturation period. Such reserves might
be used for the energetic requirements of the
spawning.

In contrast, males have high HSI values out of
the reproduction which decreased and keep constant
during the period of reproduction, this is presumably
due to the lower energetic investment in sperm
production in some species (Al Mamry, McCarthy,
Richardson, & Ben Meriem., 2009), which is a
common characteristic already observed for the same
species from the Bay of Monastir (Ben Smida &
Hadhri., 2014).

Length at first maturity (Lsg) estimated in
western Algerian coast for Pagellus erythrinus is
lowest than those observed in Tunisia 15.32cm (Ben
smida & Hadhri., 2014); Tyrrhénian sea 15.7cm
(Busalacchi et al, 2014); Portugal 17.29cm (Coelho et
al, 2010); and higher than those found by (Metin et al,
2011) in the central Aegean Sea 11.30cm.

The minimum landing size MLS regulation set
at 150 mm TL adopted within the European Union
Common Fisheries Policy (EU Regulation 1967/2006)
and the Algerian Ministry of Fisheries and Fish
Resources (M.P.R.H., 2004) for the common pandora
is to our opinion insufficient to ensure stock renewal

and should be increased, a suggestion already
proposed concerning a congener species Pagellus
acarne (Bensahla Talet, Gheram, Dalouche, Bensahla
Talet, Boutiba., forthcoming, 2017).

Conclusion

At the light of this first data about the
reproductive cycle of P.erythrinus in the Bay of Oran
we conclude that there is a significant difference
between males and females with a predominance of
females. The spawning period extends from May to
July with a second peak on October. Length at first
maturity Lsg for females is reached at 12.5cm.
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Abstract - No information currently exists on the weight-length relationships of Sparidae:

Axillary seabream Pagellus acarne (Risso, 1827), bogue Boops boops (Linnaeus, 1758);

Mullidae: Red mullet Mullus barbatus (Linnaeus, 1758), surmulet Mullus surmuletus (Linnaeus,

1758) and Carangidae: Atlantic horse mackerel Trachurus trachurus (Linnaeus,1758),

Mediterranean horse mackerel Trachurus mediterraneus (Steindachner 1863), Blue jack

mackerel Trachurus picturatus (Bowdich 1825), seven commercial fish species of Oran Bay in

Western Mediterranean Sea. Data are presented for the first time for that region of the

Mediterranean Sea to contribute and help comparative growth studies. Samples were collected

from commercial catches at Oran Bay fisheries in Algeria. The values of the slope b in the length-

weight relationship, W=aLP ranged from 2.841 to 3.296. The coefficients of correlation r> were

comprised between 0.85 and 0.97. “a” and “b” parameters were compared with other fishing sites

for the same fish species with Froese plot [Log a=f(b)].

Keywords: Weight-Length relationship; Pagellus acarne; Boops boops; Mullus barbatus; Mullus

surmuletus; Trachurus trachurus; Trachurus mediterraneus; Trachurus picturatus; Oran Bay, Algeria.

1. Introduction

Oran Bay provides a significant proportion of
the olverall marine fish production in Algeria
and is considered as one of the most important
fishery grounds in Algerian coasts (Bensahla
Talet and Boutiba, 2000). Sparidae, Mullidae
and Carangidae are three fish families widely
consumed by local people. In this study, we
targeted seven species from those families:
Pagellus acarne, Boops boops, Mullus

barbatus, Mullus surmuletus, Trachurus
trachurus, Trachurus mediteraneus and
Trachurus picturatus because they represent
the most dominant species caught from Oran
Bay.

Many studies have been already done
concerning the weight-length relationships: 40
fish species from Greek waters (Moutopoulos
and Stergiou, 2002); 39 species from Turkish
waters (Sangun et al., 2007). For Algerian
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waters, some works have already been done on
B. boops (Chali-Chabane, 1988 in Djabali et
al., 1993); T. mediterraneus; T. trachurus
(Korichi, 1988 in Djabali et al., 1993) but to
our knowledge no such study was done for P.
acarne, M. barbatus, M. surmuletus and
Trachurus picturatus about WLRs (Weight—
Length Relationships) so our aim is to remedy
this deficiency and providing the missing data.
Length-weight regressions have been used
frequently to estimate weight from length
because direct weight measurements can be
time-consuming in the field (Sinovcic et al.,
2004). In sampling programs, it is usually
easier to measure length because of bobbing
motion of the fishing boat, than weight. Also,
weight cannot be measured easily in
underwater visual censuses (Morey et al.,
2003). These data are essential to estimate
growth rates, length and age structures (Kolher
et al., 1995) and also to other components like
conversion of growth in length to growth in
weight (Pauly, 1993). Also, this relationship
provides useful tool for fish species dynamics
and allows morphological comparison between
fish populations in a given geographic region
in relation to different environmental scenarios
(Gongalves et al., 1997; Ritcher et al., 2000).

2. Material and Methods

A total of 4.070 fish specimens were collected
for the three fish families: Sparidae, Mullidae
and Carangidae. Samples of P. acarne,
B.boops, M. barbatus, M. surmuletus, T.
trachurus, T. mediteraneaus and T. picturatus
were obtained from fish landings in Oran Bay
(Fig.1) between April 2008 and August 2011,
mainly caught using midwater and bottom
trawl at depths ranging from 130 to 350 m.

The most abundant species in the present study
was T. mediteraneus (1.795), followed by P.
acarne with (844) individuals, T. trachurus
(769), M. barbatus (369), B. boops (111), T.
picturatus (94) and M. surmuletus, (88).

Specimens were measured to the nearest 1 mm
(total length, Lt) and weighed to the nearest
0.1 g (weight, W¢). The relationship between
weight and length of a fish is wusually
expressed by the equation W=aL® (Ricker,
1973) where W is the body weight (g), L is the
total length (cm), “a” is the intercept and ” b”
is the slope (allometry coefficient) (Beverton
and Holt, 1996). The parameters “a” and “b”
of the weight-length relationships were
estimated by the least-square method from
logarithmically transformed data to correct for
non-linearity and heterogeneous variances:
Log Wi=b Log LitLog a.
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Fig. 1. Map of Study Area showing location of Oran Bay.

The association degree between weight-length
variables was calculated by the determination
coefficient (r?) and analyzed with ANOVA.
Values of the exponent “b” provide
information on fish growth. If b=3, so increase
in weight is isometric. When the value of “b”
is other than 3, so weight increase is
allometric, (positive allometric if b>3, or
negative allometric if b<3). The null
hypothesis of the isometric growth (Ho: b =3)
was tested by t—test, using the statistic
formula: ts = (b-3)/Sb, where Sp is the standard
error of the slope, for 0=0.05 (Morey et al.,
2003). All calculations were done using
Microsoft EXCEL 2007° and STATISTICA
6.0 software. It is important to highlight that
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our data are not representative of a particular
time or period of the year and for comparison
purposes are considered only as mean annual.
Froese (2000) has suggested that plotting of
log a versus b (Fig. 3) for all known weight-
length relationships of a species results in a
linear relationship, and that this relationship
can be used to identify outliers. In this paper,
we have applied this method to all species.

Table 1 shows the results of W-L relationship
for the fish species studied. The sample varied
between 88 to 1795 specimens and b values
varied between 2.842 and 3.296. All
relationships ~ were  highly  significant
(ANOVA, P < 0.001) and r?* values ranged
from 0.854 to 0.978 indicating a positive
correlation between total weight (Wr) and total
length (L)

3. Results
Table 1. Estimated parameters of the weight-length relationship (W = aLP) for seven fishes from Oran Bay (Algeria). (W in g,
L in cm).
Species n L¢(min-max) | W¢(min-max) a b *s.e (b) r? Growth
Pagellus acarne 844 11.9-26.3 27.0-234.0 0.00890 | 3.100*+0.020 | 0.959 | + allometric
Boops boops 111 14.4-24.0 25.9-123.1 0.00504 | 3.192*+0.029 | 0.94 | + allometric
Mullus barbatus 369 10.9-23.2 20.4-149.2 0.01670 | 2.842*+0.028 | 0.854 | - allometric
Mullus surmuletus 88 12.0-22.5 20.7-109.7 0.01070 | 2.970+0.043 | 0.978 | 0 isometric
Trachurus picturatus 94 13.8-20.3 18.7-60.70 0.00458 | 3.161*+0.015 | 0.962 | + allometric
Trachurus mediterraneus 1795 13.2-35.0 16.9-344.4 0.00589 | 3.094*+0.030 | 0.948 | + allometric
Trachurus trachurus 769 14.2-23.5 20.7-97.70 0.00310 | 3.296*+0.027 | 0.932 | + allometric

n: sample size, a: intercept, b: slope, s.e (b): standard error of b, r:coefficient of determination,*:significant t-test (P < 0.05).

4. Discussion

The comparison of b values for the species
appearing both in this study and those obtained
by other authors in the Mediterranean Sea had
suggested inter-regional differences. “b”
values for P. acarne ranged from 2.84 to 3.26,
for B. boops from 2.87 to 3.19, for M.
barbatus from 2.83 to 3.28, for M. surmuletus
from 2.97 to 3.25, T. picturatus from 3.04 to
3.16, T. mediterraneus from 2.82 to 3.30 and
T. trachurus from 3.27 to 3.29.

W-L relationships parameters can vary
between stocks and even between areas as
stated by (Sparre et al., 1989; Andrade and
Campos, 2002). These differences in b-values
can be attributed to the combination of one or
more of the following factors: a) differences in

the number of specimen examined, b)
area/season effect and c) differences in the
observed length ranges of the specimen
caught. Dulcic and Kraljevic (1998) stated that
temperature, food quantity, quality and size),
sex and stage of maturity are responsible for
the differences in parameters of WL
relationship. In addition, Froese (2006) stated
that small specimens have a different WLR
relationship than larger specimens.

Concerning the type of growth, isometric growth
was found in M. surmuletus, negative allometry for
M. barbatus, and positive allometry in Sparidae: P.
acarne, B. boops and carrangidae: T. picturatus, T.
mediterraneus, T. trachurus (Fig. 2). All
relationships were significant (t-test, P < 0.05)
except for M. surmuletus.
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Fig. 2. Weight-length relationships for seven fish species from the W. Mediterranean Sea (Oran Bay-Algeria).



Weight-Length Relationships of Seven Fish Species... 5

Table 2. Estimated parameters for the Weight-Length relationship (W = aLP) for P. acarne, B. boops, M. barbatus, M.
surmuletus, T. picturatus, T. mediterraneus and T. trachurus given by several authors. (W in g, L in cm).
Author Locality n Lt Wt a b + se(b) r’ All
Present study Oran Bay, Algeria 844 11.9-26.3 27-234 0.0089 3.10+£0.020 | 0.95 +
o Ceyhan et al., 2009 Turkey 46 12.1-16.5 - 0.0094 3.26+0.11 0.95 +
§ Sangun et al., 2007 Turkey 83 11.0-17.0 | 16.49-57.43 | 0.0186 2.84+0.146 | 091 -
S
& Moutopoulos and Kyclades
o Stergiou, 2002 Grecce 96 - 15.3-62.6 | 0.0150 293 0.97 0
Present study Oran Bay, Algeria 111 14.4-24 25.9-123.1 | 0.0050 3.19+0.029 | 0.94 +
Korichi, 1988 in | Bousmail Bay, Algeria| -
Djabali et al., 1993 e - - 0.0097 3 - 0
"8’_ Petrakis and Stergiou, 1995 | Evvoikos Greece 256 9.6 -24.3 0.0148 3.09 0.94 0
= Ceyhan et al., 2009 Aegean Sea, Greece 32 16.5-27.0 - 0.0085 3.09+0.137 0.94 0
@ Sangun et al., 2007 NE Mediterranean 172 | 11.20-21.1 [10.66-110.76| 0.0072 3.08+0.096 | 0.93 0
Abdallah, 2002 Egypt 284 | 3.7-14.6 - 0.007 3.13 0.97 +
Cherif et al., 2008 Gulf of Tunis,Tunisia | 243 12-26 - 0.007 3.06+0.027 | 0.98 0
Present study Oran Bay, Algeria 369 109-232 20.4-149.2 | 0.022 2.84+0.028 | 0.85 -
Gokgee et al., 2007 Turkey 111 8-19.6 6-90 0.0091 3.10+£0.10 | 0.97 +
Sangun et al., 2007 Turkey 451 8.2-22.0 4.96-106.40 | 0.0032 3.06+£0.051 | 0.94 0
Moutopoulos and
a Stergiou, 2002 Kyclades 15 19.1-29 - 0.0177 2.83 0.75 -
T Vassilopoulou and
g Papaconstantinou, 1992 Aegean Sea 438 7.5-17.5 - 0.0073 3.28 0.97 +
= Vassilopoulou and
s Papaconstantinou , 1992a Aegean Sea 472 7.5-17.5 - 0.0105 3.15 0.98 +
Papaconstantinouetal., 1994 | Aegean Sea 2206 5-24 - 0.0000157 2.99 0.93 0
Cherifet al., 2008 Gulf of Tunis,Tunisia | 1763 6.3-25 - 0.005 3.23 0.99 +
Gokgee et al., 2007 Aegean Sea 111 8-19.6 6-90 0.0091 3.1 0.97 +
Abdallah, 2002 Egypt 512 | 3.6-157 - 0.012 3 0.92 0
Present study Oran Bay, Algeria 220 120-210 20.7-108.2 | 0.0000113 3.00+£0.014 | 0.97 0
Ceyhan et al., 2009 Turkey 120 13.1-25.1 - 0.0069 3.21+£0.044 | 0.97 +
) Gokee et al., 2007 Turkey 38 7.3-18.6 6-82 0.0131 297+0.13 | 098 -
o Moutopoulos and
s Stergiou., 2002 Kyclades 257 13.8-32 - 0.014 2.95 0.94 0
B Moutopoulos and Kyclades ) 14-32 ; 0.0176 29 092 | 0
s Stergiou, 1998
Vassilopoulou and
Papaconstantinou, 1992b Aegean Sea 451 10-20 - 0.00909 3.25 0.97 +
Abdallah, 2002 Egypt 122 | 54-208 - 0.0110 3.03 0.73 0
T. picturatus Present study Oran Bay, Algeria 94 14.2-23.5 20.7-97.7 | 0.0045 3.16+0.015 0.96 +
; Merella et al., 1997 Balearic Islands, Spain 180 4-23.9 - 0.0089 2.86 0.99 -
Present study Oran Bay, Algeria 1795 13.2-35 16.9-344.4 | 0.0058 3.09 0.94 0
Korichi, 1988 in . - - - 0.01420 F 3 - 0
> B 1 Bay, Al
§ Diabali et al., 1993 ousmart Bay, Algena— ) ; 0.01270 M 3 - 0
g Cherif et al., 2008 Gulf of Tunis, Tunisia | 462 8.8-30 - 0.007 3.01 0.99 0
Q
= Moutopoulos and
é Stergiou., 2002 Kyclades 191 17.3-34.1 - 22(1)4;1 jzi 0.92 (—)
: . 0073 M . -
— Sié i _
Pesi¢ etal., 2012 Montenegro 730 8.9-31.3 0.0088 F 295 ) )
Ozdemir and Duyar, 2013 | Turkey 526 9.4-15.1 4.6-25.2 0.0032 3.30 0.89 +
Present study Oran Bay, Algeria 769 13.8-20.3 18.7-60.7 | 0.0031 3.29 0.93 +
S Korichi, 1988 in | Bousmail Bay, Algeria] - - - 0.001270 M 3 - 0
% Djabali et al., 1993 - - - 0.001500 F 3 - 0
£ Cherif et al., 2008 Gulf of Tunis,Tunisia 229 9-32 - 0.007 2.98 0.99 0
= Moutopoulos and
Stergiou, 2002 Kyclades 12 15.8-28 - 0.00339 3.27 0.96 +

n: sample size, a: intercept, b:slope, s.e (b): standard error of b, r*:coefficient of determination, All: allometry ( 0: isometric, -:
negative allometeric,+: positive allometric).
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Froese (2000) has suggested that a plot of log
a versus b (Fig.3) for all known weight- length
relationships of a species results in a linear
relationship, and this relationship can be used
to identify outliers. In this paper, we have
applied this method to all species. This led to

the detection of outliers, where the respective
point deviated more than two standard
deviations from the regression line. One
outlier was detected for B.boops and one for
M. barbatus off the seven studied species.
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Fig. 3. Plots of log a versus b for available weight- length relationships of seven fish species in the Mediterranean waters.
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However, these results are important by the
fact that they contribute to enrich the available
data on species living in the Mediterranean
and constitute the first reference on W-L
relationships for four species from Algerian
waters (Pagellus acarne; Mullus barbatus;
Mullus surmuletus; Trachurus picturatus).

5. Conclusion

For Algerian waters, scarce data exist on the
relation between weight and length for species
cited previously we can cite works of Korichi
1988 (T. mediterraneus and T. trachurus) and
Chali-Chabane, 1988 (B. boops). Concerning
Oran Bay data are presented for the first time
in this paper helping comparative studies in
this field to explain differences in growth trend
(WL) found Dbetween different fish
populations. Further studies will target a large
number of species occupying the area to
understand the inter-population and shape
variations using the outliers method.
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Abstract

The fecundity of the blotched picarel Spicara maena from the western Mediterranean (Oran Bay) was assessed
by the volumetric method. Total length (TL) of studied females varied between 91 and 140 mm (mean + SD:
111.9 + 10.6 mm). Estimates of total potential annual fecundity varied from 16,750 to 28,125 oocytes per
individual (mean + SD: 21,404.7+ 2,698.8). Relationships between total potential fecundity (F) and TL, total
weight, gonad weight were established using the multiplicative regression model and a high significant

correlation was found in all the cases.

Keywords: Blotched picarel; Spicara maena; Sparidae; fecundity; Oran Bay.

1 | INTRODUCTION

The fecundity of a fish is defined as the number of eggs
that are likely to be laid during a spawning season (Ba-
genal and Braum 1978). The reproductive potential is an
important biological parameter that plays a significant
role in evaluating the commercial potentials of fish stocks
(Gémez-Marquez 2003). Also, fecundity is an important
aspect of the reproductive biology of species which must
be understood to manage the species concerned includ-
ing exploration of aquaculture potentials. The fecundity-
size relationship has been used principally as a rapid
means of predicting the fecundity of fish stocks when the
length distribution is known (Duléi¢ et al. 1998).

The fecundity and its relation to body size make it possi-
ble to estimate the potential of egg output (Chondar

1977) and the potential number of offspring in a season
and reproductive capacity of fish stocks (Qasim and
Qayyum 1963). Variations in number of oocytes emitted
seen from year to year, and over decades, reflect the
amelioration or deterioration of the habitat in relation to
the individual fish (Nikolskii 1969).

Spicara maena (Linnaeus, 1758) is a commercial species
inhabiting in the Mediterranean, Black Sea, and along the
European and African coast of Atlantic, from Morocco to
Portugal and Canary Islands (Fischer et al. 1987) and very
frequent on the western Algerian coast (Figure 1). This
species commonly inhabits over posidonia beds and
sandy or muddy bottoms, and distributes up to 100 m
depth (Soykan et al. 2010). S. maena feeds primarily on
zooplankton (Froese and Pauly 2017). It is often caught at
depths ranging from 100 to 150 m (personal observation),
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by trawl or trammel net, most commonly used fishing
techniques (Kadari 1984).

Published works on S. maena focused on several aspects
including growth, feeding habits or mollecular differentia-
tion (Dulci¢ et al. 2000; Cicek et al. 2007; Ismen et al.
2007; Karakulak et al. 2007; Altinagac et al. 2009; Imsiri-
dou et al. 2011; Minos et al. 2013; Cengiz et al. 2014; Ka-
rachle and Stergiou 2014; Saygili et al. 2016a, 2016b) but
investigations on reproductive biology of this species are
very limited and reported only from the Turkish waters
(Cicek et al. 2007; Soykan et al. 2010) and Adriatic Sea
(Matic-Skoko et al. 2004).

However, in Algerian waters works are limited to the
study of feeding habits of S. maena (Harchouche et al.
2009). Therefore, the present study aims to estimate the
fecundity of this species for the first time in relation to
total length, total weight and gonad weight to help com-
parative studies in the Mediterranean.

2 | METHODOLOGY

Specimens of S. maena (N = 2,638) were caught by trawl-
ers operating in Oran Bay located on the North West of
Algerian coasts (West Mediterranean Sea) situated be-
tween “Pointe de I’Aiguille” and “Cap Falcon” (35.95°N —
0.65 °E) (Figure 1) at depths ranging between 100 and 150
m between April 2002 and June 2003 and only 64 mature
females (stages lll and IV) were taken for fecundity esti-
mation.
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FIGURE 1 Map of the study area (Oran Bay)

The sex of individuals was determined macroscopically
after opening the abdominal cavity and stages of maturity
were classified according to colour, shape, vascularization
and the volume occupied in the abdominal cavity as fol-
lows (Harchouche 2006, adapted): |, immature; Il, resting;
lll, ripe; IV, ripe and running; V, spent (Table 1). Fork
length (TL) was measured with an ichthyometer to the
nearest mm, total weight (Wt) to the nearest g and gonad
weight (Wg) to the nearest 0.01 g using a precision bal-
ance.

Fecundity of Spicara maena from the Oran Bay
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For fecundity estimates, the volumetric method was em-
ployed, ovaries were labelled and dropped in Gilson’s
fluid, a preservative and dissociative solution (100 ml 60%
alcohol, 800 ml water, 15 ml 80% nitric acid, 18 ml glacial
acetic acid, 20 g mercuric chloride) (Stéquert and Ram-
charrun 1995). The ovaries were shacked periodically to
help loosen the ovarian tissue and ensure rapid penetra-
tion of the preservative. After 48 hours in preservative,
the eggs can be completely liberated from the tissues by
vigorous shaking (Holden and Raitt 1974). Eggs were
cleaned and put in a measuring cylinder and made up to a
known volume with water.

TABLE 1 Macroscopic description of Spicara maena gon-
ads

Stage Description

I: Immature Transparent or pale pink small filamentous gon-
ads, (invisible oocytes).

Il: Resting  Pale pink to light orange firm ovaries; some oo-
cytes can be visible through ovarian membrane.
IlI: Ripe Usually orange clear then dark more developed

and less firm gonad; the visible oocytes confer a
grainy aspect of the ovary.

IV: Ripe and Voluminous very vascularised ovary occupying the

running entire abdominal cavity with a very thin ovarian
membrane; the hyaline eggs are visible and are
emitted with a simple pressure exerted on the
abdomen.

V: Spent The ovary is flaccid, vascularized; the colour is red-

pink with the typical general appearance of an
empty bag.

Subsamples were then taken by shaking the container
until all the eggs are evenly distributed through the wa-
ter; a subsample of known volume was picked-up with a
Stempel pipette (Holden and Raitt 1974), and the number
of eggs in the subsample was counted with a Dollphus
box under a binocular microscope (Gx16). Only oocytes
with diameter between 200 and 760 um were considered
as mature (Harchouche 2006) corresponding to eggs in
stage Il (ripe: vascularized light orange ovary occupying
almost the abdominal cavity with visible oocytes confer-
ring a granular aspect to the gonad) and stage IV (ripe and
running: voluminous vascularized orange ovary occupying
all the abdominal cavity containing hyaline eggs that can
be easily expulsed by simple pressure on the abdomen).

Given the very soft and fragile characteristics of gonadal
tissue, only 64 females from 2,638 specimens were taken
for fecundity estimation during April-June of the sam-
pling period corresponding to the reproduction period of
the species (Harchouche 2006, Soykan et al. 2010). The
degree of association between fecundity with total length
(TL), total weight (TW) and gonad weight (GW) was as-
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sessed by the coefficient of determination (Rz); statistical
significance level was estimated by a t-test using Excel
20160 software.

We used the multiplicative regression model (y = axb)
modified with the logarithmic function then measures
were log-transformed in order to eliminate any effect of
‘scale’, to keep relations linear and their variances com-
parable (Froese 2006). The equation can be expressed as:

Log F=blog X+ Loga,

where F is the fecundity, X is TL, TW or GW; a is the inter-
cept of the regression and b is the regression coefficient.

3 | RESULTS AND DISCUSSION

Of 2,638 specimens of S. maena collected, 120 were male
and 2,610 were female and sex ratio was 1:20.98 (male to
female) was in favour of female during all months of the
sampling period. Given the gonads fragility, only 64 gon-
ads were considered for the fecundity estimation ranging
from 16.9 to 26.3 cm TL (mean * SD: 206.6 + 19.9 cm)
weighing 63.5 to 234.2 g (mean + SD: 110.0 * 37.6 g) with
gonadal weight of 1.2 to 6.1 g (mean = SD: 3.1 + 1.2 g).
Potential fecundity (F) ranged from 19,875 to 49,125
(mean * SD: 29,448.9 + 8,198.1), the value of SD can be
explained by the biometric variation of the specimens.
Added to this, the volumetric method is subject to con-
siderable bias because it is very difficult to get all the eggs
evenly distributed throughout the measuring cylinder
(Holden and Raitt 1974).

Table 2 and Figure 2 show the relationships between total
potential fecundity and TL, TW and GW obtained from the
application of the multiplicative regression model. The
significance test (t-test) calculated for the regression coef-
ficient of the relationship between fecundity and TL, TW
and GW of S. maena was higher than tabulated t-value (t
=3.46, df = 62) confirming high correlation.

Knowledge of fecundity is regarded as an important con-
tributor in understanding stock dynamics and obtaining
basic biological information for use in stock assessments.
Estimated fecundity for S. maena of Oran Bay was com-
pared to other results found in the literature (Table 3).

Only a few articles are available in the literature concern-
ing the biology of S. maena and more precisely dealing
with reproduction and fecundity to allow us to compare
our results.

However, in the current study, the mean number of oo-
cytes in ovaries was 29,448 + 8,198, with a range from
19,875 to 49,125 oocytes number and 16.9 to 26.3 cm of
TL. The statistical analysis revealed that the relationships
between fecundity and TL, TW and GW were found signif-
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icant (all P < 0.001) and that the fecundity increases line-
arly with the increase (0.92 < R” < 0.98) of TL, TW and GW
(Table 1) of specimens. The total weight related to abso-
lute fecundity appeared to be the more appropriate pa-
rameter to estimate fecundity for S. maena.

Table 2 Relation between absolute fecundity (F), total length
(TL), total weight (TW) and gonad weight (GW) of Spicara
maena collected from the Oran Bay (Algeria)

Relationship Equation R? t-test

FvsTL LogF = 1.3197 LogTL + 2.945 0.979 53.39*
Fvs TW LogF =0.4216 Log TW +3.794 0.986 64.80*
Fvs GW LogF = 0.4670 LogGW + 4.228 0.903 24.06*

* significant relationship (t = 3.46, df = 62; P < 0.001)
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FIGURE 2 Relationship of total fecundity (F) to total length
(TL; above left), total weight (TW; above right) and gonad
weight (GW; below) of S. maena female

TABLE 3 Fecundity of Spicara maena given by different authors

. Fecundity (range; Length
Locality mean#sD) N i) Source
Eastern Adri- 42,140 — 80,509 74 13.5-20 Matik-Skoko et
atic Sea (64,730 + 9,634) al. 2004
Algiers Bay, 9,000 —-92,000 42  11.5—- Harchouche
Algeria (30,960  5,420) 18.5 2006
Oran Bay, 19,875 -49,125 64 16.9— Present study
Algeria (29,448 £ 8,198) 26.3

Despite the difference in length range during sampling,
our results were found similar to Harchouche (2006) who
estimated fecundity of S. maena between 9,000 and
92,000 for a total length ranged from 11.5 to 18.5 cm.
Matik-Skoko et al. (2004) estimated the fecundity be-
tween 42,140 and 80,509 with a mean fecundity equal to
64,730 eggs.

The variation of fecundity is very common in fish (Doha
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and Hye 1970; Kraus et al. 2000) and the number of eggs
produced by an individual female is dependent on various
factors like size and age (Lagler et al. 1967, Burt et al.
1988, Munro et al. 1990; Alam et al. 2012). In addition,
some authors attribute these differences to food availa-
bility and /or quality in S. maena (Matik-Skoko et al.
2004). Several studies on genus Gadus revealed that tem-
perature can affect the fecundity positively (e.g. Kjesbu et
al. 1998, Kraus et al. 2000). Dulci¢ et al. (1998) compared
fecundity in Sparidae family and concluded that fecundity
oscillates considerably depend on the species and geo-
graphical location.

In conclusion, there is lack of data on reproductive biolo-
gy of S. maena a commercially important species for the
Mediterranean and Algerian fisheries. Further studies on
the histological approach, first maturity, growth and ex-
ploitation status will be treated in order to determine
details of the reproductive biology of the blotched picarel.
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Abstract

This study aimed to create an inventory of the prominent species in “Plane” Island on the
Algerian coast of the Mediterranecan Sea for the conservation interest and to classify
rocky benthic habitats. The study was carried out at eight stations by 27 dives between
the surface and 34 m depth from 2014 to 2015. In total, 201 taxa were listed, of which
30% consists of macroalgae, 1% phanerogams, 52% macroinvertebrates and 17% fish.
The biotope was characterized by the presence of 6 biocenosis of hard rock (19
associations and 9 facies). The bioconcretions were represented by red and yellow
gorgonians and other sessile macrofauna that embellishes the coralligenous habitat. The
macrobenthos were marked by the presence of several species. Exotic and sometimes
invasive species were also present, such as Caulerpa racemosa var. cylindracea, Codium
fragile, Asparagopsis armata, Asparagopsis taxiformis and Oculina patagonica. “Plane”
Island represents a space with multiple stakes and uses, which requires a thorough study,
valorization and a rational and durable exploitation in order to preserve its major assets.
The study will provide support for the management of coastal ecosystems, such as those
in “Plane” Island, aiming to create a marine protected area and the strengthening of
fisheries regulations, as a veritable hot spot of biodiversity along the Algerian coasts.

Keywords: Biodiversity, biocenosis, fauna, flora, coastline, Plane Island, Oran, Algeria,
western Mediterranean
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Introduction

“Paloma” or “Plane” Island, a component of the insular environment of the
Oran's coastline, has a great potential in terms of specific biodiversity and
underwater habitats, favorable to the development of a diversified marine
population. Due to the proximity to the Strait of Gibraltar, it benefits from
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continuous supply of currents rich in nutrients and oceanic plankton (Millot
1999; Hussein 2015). A significant circulation of horizontal and vertical
currents sweeps the region, called "Oran current" between Almeria and Algeria
(Millot and Taupier-Letage 2005). The topography of the area is characterized
by the presence of Alidade seamounts (30 miles long) that generated the insular
formations of the region and a very narrow continental margin with a tight
continental shelf from where an important "upwelling" enriches the area
(Hussein and Bouras 2014). The potentialities offered are under-exploited due
to the lack of harmony and integration of the management of this coastal zone
(Hussein 2015). The absence of scientific work on the environment and marine
organisms of “Plane” Island gives to the study its originality with important
results that can provide support for the management of coastal ecosystems and
could help designing a new marine protected area (MPA).

This initial biodiversity data obtained can inform us about populations quality
through the species richness "S" of the macrobenthos, which is represented
either in number of species or in biomass value, all referred to a surface unit
which is a criterion to characterize a population or a habitat, according to its
rarity (e.g. rossworms reefs), its structural interest (e.g. coralligenous) or
because it serves as a feeding or recruitment zone for other species (e.g.
seagrass meadows). Populations characterization is an essential tool for
understanding and monitoring the coastal and marine environment under the
influence of the various human activities that discharge liquid and solid waste
into the sea (Bellan-Santini 1969, 1994; Boudouresque 1970, Eleftheriou ef al.
1984; Bensahla Talet ef al. 2015). Detailed inventories of species and habitats
are necessary in order to identify future losses that might result from
anthropogenic impacts. Such biodiversity databases are available for the NW
Mediterranean where biodiversity is monitored over decades. It is important to
set an initial inventory of the local biodiversity and follow its evolution through
time to evaluate potential biodiversity losses induced mainly by global climate
change that highly impact local biodiversity in the Mediterranean (Cramer et al.
2018).

An inventorial scientific study on “Paloma” or “Plane” Island, part of the island
complex of western Algeria, offers an opportunity to relaunch a global
conservation dynamic of the relevant marine sites of Algeria and could, with the
promulgation of decrees on the classification of insular sites as Rachgoun Island
and Habibas Islands (already classified as MPAs), constitute a pole of nature
conservation in the southwestern sector of the western Mediterranean. Therefore,
the present work aims to constitute a preliminary database resulting from
investigations carried out in situ on the characterization of the biodiversity and
the benthic habitats of the island, with the objective to provide an initial
diagnosis and necessary arguments to start a classification process of the island's
as a MPA in the Wilaya (District) of Oran.
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Material and Methods

Study area

“Plane” Island or “Paloma” is located approximately 7 km off Bousfer beach in
“Les Andalouses” Bay, at 35°46.281'N and 0°54.115'W, between Cape Falcon
and Cape Lindless (Figure 1). This island is located in the South-West of the
Algerian basin, which is part of the island complex of Western Algeria.

1°0'0"W

36°0'0'N

Cap Falcon

Ain El Turk

Cap Lindless

Les Andalouses

El Ancor

Figure 1. Study area in Oran, Algeria, Mediterranean Sea

Methodology

The in situ study was carried out between 2014 and 2015 on eight random band
transects corresponding to eight stations (Figure 2) by 27 dives in total
(Snorkeling for shallow waters; scuba dives for the infralittoral zone): 16 dives
(2 replicates for visual identification and counting of species) and 11 additional
dives for benthic typology realized from the surface to a maximum of 34 m
depth, depending on stations (Table 1).
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Figure 2. Eight transects investigated around Plane Island

A tentative inventory based on in situ observations was used to cross-monitor
the sector on a vertical profile from the deepest point to the surface, so the
dominant and remarkable species of different habitats were visually identified.
A description of the topography and the submarine landscape (Table 1) was also
noted (Bajjouk et al. 2010; Besnard and Salles 2010) to determine substrate
typology. Then, a transect (the length of which varied according to the
underwater topography of each station (Table 1) was monitored by visual
census (UVC) according to the method applied in the Mediterranean Sea
(Harmelin-Vivien and Harmelin 1975; Harmelin-Vivien ef al. 1985). For each
station (S1 to S8) two divers performed the study, the first diver counted the
mobile species and the second one the fixed species. As stated previously, 11
supplementary dives were realized to describe the ecological aspects and
benthic habitats. The selected parameters for the flora and fauna were as
follows: absent: 0, present: + and strong presence: ++ (Lenfant ef al. 2011). The
biodiversity aspects and benthic habitats were supported by underwater images
(videos and photographs) of band transects according to the REBENT MED
protocols (Kantin et al. 2006).

The identification and classification of species was made through FAO species
identification sheets (Fischer er al.1987), as well as other scientific documents
(Boudouresque 2005, Pergent et al. 2007). For the characterization of
communities, Péres and Picard (1964) and UNEP-MAP (1998) protocols were
used. For species and habitats of conservation interest, we used Annexes Il and
IIT of the Protocol on Specially Protected Areas and Biological Diversity in the
Mediterranean of Barcelona Convention (1976) and Bern Convention (1979).
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Results and Discussion

Benthic biodiversity of the mediolittoral zone

The bionomic study of the macrobenthos in the upper medio littoral levels
revealed a richness of 55 species: of which 36 species were distributed as:

-7 Chlorophyceae (green algae) Ulva rigida, Ulva lactuca, Catheomorpha aerea,
Caulerpa racemosa, Enteromorpha compressa, Flabellia petiolata, Valonia
macrophysa,

-17  Rhodophyceac (red alguae) Amphiroa rigida, Bonnemaisonnia
asparagoides, Ceramium ciliatum, Ceramium codii, Chylocladia verticillata,
Corallina elongata, Corallina officinalis, Hypnea musciformis, Jania rubens,
Laurencia sp., Laurencia papillosa, Lithophyllum incrustans, Lithothamnion
valens, Nemalion helmintoides, Peyssonnelia spp., Pterocladia capillacea,
Sphaerococcus cornopifolius,

-12 Phaeophyceae (brown algae) Arthrocladia villosa, Cladostephus spongiosus,
Cystoseira amentacea, Dictyopteris polypodioides, Dictyota dichotoma,
Dilophus faciola, Halopteris filicina, Leathesia difformis, Padina pavonica,
Ralfsia verrucosa, Sargassum vulgar, Taonia atomaria.

Fauna was represented by 19 species:

-4 cnidarians Actinia equina, Anemonia viridis, Astroides calycularis,
Parazoanthus axinellae,

-1 echinoderm Paracentrotus lividus,

-10 mollusks Aplysia punctata, Cerithium rupestre, Dendropoma petraeum,
Mitra corniculata, Patella furigenea, Patella rustica, Patella ceriola, Osilinus
articulatus, Osilinus turbinatus, Stramonita haemostom,

-4 crustaceans: Dardanus arrosor, Eriphia verrucosa, Euraphia depressa,
Pachygrapsus marmoratus.

It appears from the study of the medio-littoral level that the photophilous algae
is well developed and diversified with coexistence of a large population of the
highly endangered patellid limpet Patella ferruginea (Rivera—Ingraham et al.
2011) which has been maintained around the island.

The results obtained showed the different distributions of the floristic taxa, by a
dominance of the Rhodophycea (47%), Pheophycea (33%) and Chlorophycea
with only 20% (Figure 3). The fauna seemed much influenced by the
topographical aspect, the echinoderms were the least represented, but the
distribution of certain species of this phylum like the common sea urchin
Paracentrotus lividus was wider than the other macroinvertebrates, the beadlet
anemone Actinia equina and the green anemone Anemonia viridis. The medio-
littoral zone was mainly dominated by gastropods. The total of 55 species,
belonging to 7 phyla, reflected a good taxonomic diversity in the area. This
richness seems closely related to the hydrodynamism of the island and
sediments nature. Contributions of organic matter and nutrients determining the
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establishment of the biocenosis was already reported by Vaissiere and Fredj
(1963).

20%

= Rhodophyta Chlorophyta = Pheophyta

Figure 3. Proportion of floristic taxa encountered in the medio-littoral zone of “Paloma”
Island

Distribution of some dominant species in the upper mediolittoral level is
presented in Figure 4, where the distribution of six macroalgae and two
macroinvertebrates were mapped. The analysis of the distribution map shows
the existence of Cystosiera sp. mainly in the areas exposed to the north/north-
west currents, whereas the nitrophilic species, presented by Ulva, was mainly
present in the south/south-east part of “Plane” Island. Jania rubens has a high
recovery rates for a long period of the year (Hussein 2015) and it appears that
the mode of exposure of the terrestrial part of the island strongly influences the
distribution of these species.

Benthic biodiversity of the infralittoral zone

The stations were dominated by hard substrates, mainly in the form of steep
cliffs, screes and drop-offs (Table 1), favoring the installation of rich
biodiversity, as is generally the case in the Northwestern Mediterranean
(Bonhomme et al. 2009; UNEP-MAP RAC/SPA 2010). Overall, more than 195
species were recorded between 0 and 30 m depth in the Island, 60 floristic taxa
and 135 faunal taxa (Tables 2 and 3), composed of 30 % macroalgae, 52 % of
macroinvertebrates, 17 % of fish and 1% phanerogams (Figure 5).

Table 1. Habitat characteristics of sampling stations in “Plane” Island

Stations S1 S2 S3 S4 S5 Sé6 S7 S8

Habitat Rocky

Depth: Min- o 17 929 130 027 026 031 724 034
Max (m)

Topographic  Gentle Steep Steep Steep Gentle Irregular Irregular  Steep
profile slope  slope slope slope  slope slope slope slope
Transect

length (m) 80 40 50 40 60 80 60 50
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Figure 4. Distribution of the benthic flora and fauna of the medio littoral zone of “Plane”
Island

The presence of three groups of algae have been recorded: Chlorophyceae (19
species), Rhodophyceae (25 species), Pheophyceae (with 15 species), the
nominative listing of species is presented in Table 2.
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Table 2. Benthic flora taxa found in 8 stations of “Plane” Island
S: Number of species. Species presence are marked as: absent: 0, present: + and strong
presence: ++, *: endangered species, **: alien species

Stations S1 S2 S3 S4 S5 S6 S7 S8

Flora

Macroalgae

A -Chlorophycae

Acetabulria acetabulum (Linnaeus)
P.C. Silva 1952

Anadyomene stellata (Wulfen) C.

Agardh, 1823 R R R R R
Bryopsis muscosa (J.V.Lamouroux.,

+ ++ + + + ++ + ++
1809)
Chaetomorpha aerea (Dillwyn)
Kiitzing., 1849 0 0 L R R e
Caulerpa racemosa** (Forsskal 0 0 N 0 - 0 0 0
J.Agardh 1873)
Cladophora spp. (Kiitzing, 1843) + 0 0 0 0 0 0
Cladophora rupestris (Linnaeus)
Kiitzing 1843 A R R e
Codium bursa (Olivi) C.Agardh, 1817 | +++ | ++ ++ ++ ++ ++ + ++
Codium fragile** (Suringar Hariot, 4 4 0 4 . 0 . 0
1889)
Codium effusum (Rafinesque) Delle
Chiaje, 1829 L I I U R L
Codium vermilara (Olivii) Delle 0 + — 0 . — . 4

Chiaje 1829

Dasycladus vermicularis (Scopoli)
Krasser 1898

Enteromorpha compressa (Linnaeus)
Nees, 1820

Flabellia petiolata (Turra)
Nizamuddin 1987

Halimeda tuna (J.Ellis & Solander)

+ B T e I e A S e
J.V.Lamouroux 1816

Palmophyllum crassum (Naccari)

Rabenhorst 1868 0 * * 0 - * 0 0

Ulva rigida (C. Agardh,1823) 0 0 0 0 + + 0 0

Ulva lactuca (Linnaeus,1753) +++ + 0 0 +++ + 0 0

Valonia macrophysa (Kiitzing, 1843) 0 0 0 0 ++ ++ 0 0
S=19 12 11 8 5 17 15 7 7

B - Pheophyceae

Arthrocladia villosa (Hudson) Duby, 4 4 0 0 - n 0 n

1830

Cladostephus spongiosus (Hudson) C.
Agardh,1817

Colpomenia sinuosa (Mertens ex

Roth) Derbés & Solier, 1851 R R R R R R
Cystoseira amentacea™ (C.Agardh)

Bory de Saint-Vincent, 1832 0 0 0 0 A 0 0
Cystoseira compressa (Esper) Gerloff

& Nizamuddin 1975 A R L L R R I
Dictyopteris polypodioides (A.P.De 4 + + + . . 0 0

Candolle) J.V.Lamouroux 1809
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Table 2. Continued

Dictyota dichotoma (Hudson) J.V. i 4 — b | o Lo | g -

Lamouroux 1809

Dilophus fasciola (Roth) M.A.Howe, 4 0 0 0 4 4 . 0

1914

Halopteris filicina (Grateloup)

Kiitzing, 1843 0 U A

Leathesia difformis (Areschoug, 1847) + + + 0 ++ + ++ +

Padina pavonica (Linnaeus)Thivy, — 4 — 4 i | o | o | g

1960

Ralfsia verrucosa (Areschoug)

Areschoug 1845 o o * o * o * 0

Sargassum acinarium (Linnaeus)

Setchell, 1933 L R B L R R L

Taonia atomaria (Woodward)

J.Agardh, 1848 0 | + O | v+ | ] 0

Bugula neritina (Linnaeus, 1758) + ++ 0 + ++ 0 ++ +
S=15 12 9 7 8 12 13 10 8

C - Rhodophycae

Amphiroa rigida (J.V.Lamouroux, o N N N (PR U IS B

1816)

Asparagopisis armata (Harve

| 81; 5 agop y NIRIES [RINUR [WIERY ITHE (ITE (IR R

Asparagopsis taxiformis** (Delile)

Trevisan de Saint-Léon, 1845 * + + + 0 0 * *

Bonnemaisonia asparagoides

(Woodward) C.Agardh, 1822 R R L R B I

Ceramium ciliatum (J.Ellis) N N 0 0 N - 0 i

Ducluzeau, 1806

Chylocladia verticillata (Lightfoot)

Bliding 1928 ++ + + + ++ 0 + 0

Corallina elongata (J.Ellis & Solander o 0 4 0 + + 0 0

1786)

Corallina officinalis (Linnaeus, 1758) + + + 0 ++ 0 0 +

Halymenia sp. 0 + 0 + ++ + 0 +

Hypnea musciformis (Wulfen)

J.V.Lamouroux, 1813 A A * 0 i 0 0 o

Jania corniculata (Linnaeus)

J.V.Lamouroux, 1816 0 0 LN B R B B

Jania rubens (Linnaeus) i N N N . n N

J.V.Lamouroux, 1816

Laurencia sp. + 0 ++ 0 + ++ + +

Laurencia papillosa (C.Agardh)

Greville, 1830 L I e I N I

Lithophyllum incrustans Philippi, R 4 | n it |

1837

Lithothamnion valens Foslie, 1909 + + ++ + 0 + + 0

Mesophyllum alternans (Foslie) i N 0 i . i i N

Cabioch & M.L. Mendoza, 1998

Nemalion elminthoides (Velley)

Batters, 1902 ++ +++ ++ +++ ++ + 0 +

Peyssonnelia spp. =+ | o+ |+ |+ ++ |+ |+

Peyssonnelia rosa-marina N i | e - . et | | s

Boudouresque & Denizot, 1973
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Table 2. Continued

Peyssonnelia squamaria (S.G.Gmelin)

+++ + + ++ ++ ++ | |+
Decaisne ex J.Agardh, 1842
[}:I(S)c]gln;l:lf fggt;laglneum (Linnaeus) 0 — 4 4 it | s | 0
Pterocladia capillacea (S.G.Gmelin) 4 4 — 0 4 4 - -

Bornet, 1876

Schottera nicaeensis (J.V.Lamouroux

ex Duby) Guiry & Hollenberg, 1975

Sphaerococcus

coronopifolius Stackhouse, 1797
§S=25 22 20 20 16 22 21 17 19

0 0 + + 0 + 0 0

+ ++ + 0 ++ + ++ +

The inventory of the macroinvertebrates of the infralittoral level of the studied
stations showed the different distributions of the taxa by a dominance of the
sponges and mollusks presented by 23 species in each taxon. Crustaceans were
the least represented by 8 species (Table 3).

The rocky characteristics of the “Plane” Island showed that the macrofauna was
represented by 1 phylum of vertebrates counting 33 Fish (5 orders and 14
family) and 99 invertebrate species belonging to 8 phyla (23 sponges, 23
mollusks, 22 cnidarians, 12 echinoderms, 8 crustaceans, 5 polychaetas, 4
tunicates and 2 bryozoans). However, underwater visual census method used
during our survey seem to underestimate the actual marine biodiversity in Plane
Island. In fact, small size species require a high taxonomic expertise and the
numbers could potentially rise if visual census used during our study was
coupled to laboratory taxonomic and molecular identification protocols.

Table 3. An inventory of faunal taxa in the infralittoral of 8 stations of “Plane” Island.
S: Number of species. Species presence are marked as: absent: 0, present: + and strong

presence: ++, *: endangered species

Stations S1 S2 S3 S4 S5 S6 S7 S8
Macroinvertebrates

A - Porifera

Agelas oroides (Schmidt,1864) + 0 0 0 0 + 0
Anchinoe fictitius (Bowerbank,1866) ++ + + 0 + + 0 +
Aplysilla sulfurea (Schulze,1878) ++ ++ + 0 0 + 0 +
Aplysina sp. 0 + + 0 0 0 + 0
Axinella cannabina (Esper,1794) 0 + + 0 0 0 0 0
Axinella polypoides* (Schmidt,1862) + 0 0 + 0 0 + +
Axinella verrucosa (Esper,1794) 0 0 + + 0 + 0 +
Cacospongia mollior (Schmidt,1862) + + + + ++ + + +
Chondrilla nucula (Schmidt,1862) + ++ + + + + ++ +
Chondrosia reniformis (Nardo,1847) ++ ++ + + ++ + ++ ++
Clathrina coriacea (Montragu,1814) + + + 0 + + 0 +
Crambe crambe (Schmidt,1862) | 4+ ++ + +H+ |+ ++ |+t
Dysidea avara (Schmidt,1862) + + 0 0 + 0 0 +
Dysidea fragilis (Montagu,1814) + 0 0 0 + + 0
Hamigera hamigera (Schmidt,1862) + 0 0 0 + + + +
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Table 3. Continued

Hippospongia communis (Lamarck,1814) 0 + 0 + + 0 + +
Ircinia fasciculata (Pallas,1766) + + + 0 ++ + + 0
Ircinia oros (Schmidt,1864) + 0 ++ + + + ++ +
Phorbas paupertas (sensu Boury- N o 0 N N . N i
Esnault, 1971)
Phorbas tenacior (Topsent,1925) + 0 0 0 + + 0 +
Sarcotragus spinosula (Schmidt,1862) + + 0 0 0 + + +
Spirastrella cunctatrix (Schmidt,1868) + 0 0 + 0 0 0 +
Spongia officinalis* (Linnaeus,1759) ++ ++ ++ + ++ | |
S=23 19 16 13 11 15 15 15 18
B - Cnidaria
Alcyonium acaule (Marion,1878) + ++ + + + + + +
Actinia equina (Linnaeus,1758) +++ | 4+ + + ++ |+t 0 +
Aglaophenia tubiformis (Marktanner
Tﬁmefetscher, 15{90) ( * * 0 * * 0 + 0
Aiptasia mutabilis (Gravenhorst, 1831) ++ + 0 0 + 0 + 0
Anemonia viridis (Forsskal, 1775) | A | | A | | A | |
Astroides calycularis* (Pallas, 1766) 4 |+ ++ ++ | |+ ++ |
Bunodeopsis strumosa (Andres, 1881) + ++ 0 0 + 0 0 0
Calliactis parasitica (Couch, 1842) +++ | 4+ ++ ++ | | | |+
Caryophyllia inornata (Duncan, 1878) ++ ++ | |+ + + + ++
Cladocora caespitosa (Linnaeus, 1767) + + 0 0 + + + +
Cotylorhiza tuberculata (Macri, 1778) 0 0 + 0 0 0 0 +
fé);sd)ylacns aurantiaca (Delle Chiaje, - N N 0 . 0 . +
Eunicella singularis (Esper,1791) ++ ++ | |+ | | ++
Eunicella cavolini (Koch,1887) ++ ++ ++ ++ + = | +
Leptogorgia sarmentosa (Esper,1789) | A | A | ++ | | ++
%g];;o)psammm pruvoti (Lacaze Duthiers, - n it n it . 4 —
Paramuricea clavata (Risso, 1826) ++ ++ | |+ + + +++
Parazoanthus axinellae (Schmidt,1862) + + + ++ ++ ++ 0 +
Pelagia noctiluca (Forskal, 1775) ++ ++ ++ ++ ++ ++ ++ ++
Pourtalosmilia anthophylites (Ellis
&Solander, 1786) phttes R 0 | 0 |+
Pteroeides griseum (Linnaeus,1767) + + 0 0 + 0 0 +
Bolinopsis vitrea (L. Agassiz,1860) + + + + + + + +
S=22 21 21 16 14 19 14 15 18
C - Polychaeta
Hermodice carunculata (Pallas,1766) ++ + + 0 ++ 0 + 0
Sabella spallanzanii (Gmelin,1791) + 0 0 0 + + 0 +
Veretillum cynomorium (Pallas,1766) 0 0 0 0 0 0 + 0
Prostheceraeus sp. + 0 0 0 + 0 0 0
Protula tubularia (Montagu, 1803) +++ + ++ + | + + ++
S=5 4 2 2 1 4 2 3 2
D - Crustacea
Dardanus calidus (Risso,1827) | 4+ ++ + ++ + ++ ++
Dromia personata (Linnaeus,1758) ++ + ++ + + + + ++
Eriphia verrucosa (Forskal, 1775) + 0 0 0 + 0 0 0
Euraphia depressa (Poli,1791) ++ + 0 0 ++ 0 0 +
Maja squinado* (Herbst,1788) + 0 0 0 0 + + +
Scyllarides latus (Latreille,1803) 0 + + 0 0 0 + +
f;zg%zgmpsus marmoratus (Fabricius, - n 0 0 - n 0 0
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Table 3. Continued

Palinurus elephas* (Fabricius,1787) 0 + 0 0 0 0 + +
S=8 6 6 3 2 5 4 5 6
E - Mollusca
Aplysia punctata (Cuvier,1803) ++ + 0 + + + 0 +
Arca noae (Linnaeus,1758) + 0 0 0 + + + 0
Cancellaria cancellata (Linnaeus,1767) + + + 0 + + + +
Cerithium vulgatum (Bruguiere,1792) ++ ++ + + ++ ++ ++ +
Chlamys sp. + 0 0 0 0 0 0 +
Charonia lampas (Linnaeus,1758) +++ |+ ++ + ++ ++ | +++ ++
Cratena peregrina (Gmelin,1791) + + + 0 + 0 + 0
Dendropoma petraeum (Monterosato, . . 0 0 . 4 0 0
1984)
Erosaria spurca (Linnaeus,1758) + 0 0 0 + + + 0
Tarantinaea lignaria (Linnaeus,1758) + + + + + + + +
Hypselodoris sp. 0 0 + 0 0 0 0 0
Lima lima (Linnaeus,1758) + ++ 0 0 0 + 0 +
Lithophaga lithophaga (Linnaeus,1758) + + + + 0 0 + +
Mitra sp. 0 + + + 0 0 + 0
Octopus vulgaris (Cuvier,1797) ++ 0 + 0 ++ 0 0 0
Osilinus articulatus (Lamarck,1822) + + 0 0 + 0 + +
Phorcus turbinatus (Born,1778) + + + 0 + ++ 0 0
Ostrea edulis (Linnaeus,1758) + + + + + 0 + 0
Pinna nobilis* (Linnaeus,1758) ++ + ++ + ++ + + ++
Pinna rudis* (Linnaeus,1758) + + 0 0 + + ++ 0
Semicassis granulata (Born,1778) ++ ++ + + ++ + ++ ++
Sepia officinalis (Linnaeus,1758) + + + + + + + +
Stramonita haemostoma (Linnaeus,1767) ++ + 0 0 0 + + +
S=23 21 18 14 10 17 15 16 13
F - Bryozoa
Cellepora pumicosa (Pallas, 1766) + + 0 + + 0 + +
Myriapora truncata (Pallas, 1766) ++ + + ++ + + ++ ++
S=2 2 2 1 2 2 1 2 2
G-Echinodermata
Arbacia lixula (Linnaeus,1758) + ++ + 0 0 + +
Astrospartus mediterraneus (Risso, I B i 0 . 0 —
1826)
Centrostephanus longispinus* I B i - — . — .
(Philippi, 1845)
Echinaster sepositus (Retzius,1783) ++ + 0 0 + ++
Hacelia attenuata (Gray, 1840) + + + ++ + ++ + ++
Holothuria tubulosa (Gmelin,1791) ++ ++ 0 0 ++ ++ 0 0
Holothuria forskali (Delle Chiaje,1823) | [ ++ | | ++ ++
Ophioderma longicauda
(Bruzelius,1805) T 0 0 i
Ophiura ophiura (Linnaeus,1758) ++ |+ + 0 ++ ++ + +
Ophidiaster ophidianus* (Lamarck,1816) | +++ | ++ | +++ | ++ | +++ | ++ ++ ++
Paracentrotus lividus* (Lamarck,1816) | A | | | | |
Sphaerechinus granularis
(Lamarck, 181 6) ++ ++ + ++ ++ +++ + ++
S=12 12 12 9 6 11 10 10 10
H - Tunicata
Aplidium nordmanni (Milne-Edwards, 0 . . 0 4
1841)
Aplidium sp. 0 0 + + 0 +
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Table 3. Continued

Botryllus spp. + + + + + + + +

Halocynthia papillosa (Linnaeus, 1767) + + 0 0 + 0 0 +
S=4 2 4 2 2 3 1 3 3

Fish

Class: Osteichthyes

Ord: Anguilliformes

Fam: Muraenidae

Muraena helena (Linnaeus, 1758) [+ 1 + + [ o [ + 0 + [ ++

Fam: Congridae

Conger conger (Linnaeus, 1758) [ + 1 + 0o [ o [ + + 0o ] o

Ord: Scorpaeniformes

Fam: Scorpaenidae

Scorpaena porcus (Linnaeus, 1758) +++ |+ + + + ++ ++ ++

Scorpaena scrofa (Linnaeus, 1758) ++ + 0 0 + ++ + +

Ord: Perciformes

Fam: Serranidae

Anthias anthias (Linnaeus, 1758) ++ ++ + 0 + + +

Epinephelus costae* (Steindachner, 0 0 N N i 4 .

1878)

Epinephelus marginatus* (Lowe, 1834) + + + + + ++ + ++

Serranus scriba (Linnaeus, 1758) ++ + ++ ++ ++ ++ + ++

Serranus cabrilla (Linnaeus, 1758) ++ ++ ++ + + ++ + ++

Fam: Apogonidae

Apogon imberbis (Linnaeus, 1758) [+ 1 + H~+ [+ [+ [+ 1 + ]+

Fam: Sparidae

Boops boops (Linnaeus, 1758) 0 + + + + + ++ ++

Dentex dentex (Linnaeus, 1758) 0 + + 0 0 0 + +

Diplodus annularis (Linnaeus, 1758) + + + + + + + +

Diplodus cervinus cervinus (Lowe, 1838) + + 0 0 0 + + +

Diplodus puntazzo (Walbaum, 1792) 0 + 0 + + + 0 0

Diplodus sargus sargus (Linnaeus, 1758) + + ++ + + ++ + +

Diplodus vulgaris (Geoffroy Saint-

Hilaire, 1817) A I I e A A B

Oblada melanura (Linnaeus, 1758) + ++ + + + + + ++

Sarpa salpa (Linnaeus, 1758) + ++ + 0 + + + +

Fam: Mugilidae

Liza aurata (Risso, 1810) [ + [ + 0o oo + 0o [ o

Fam: Mullidae

Mullus surmuletus (Linnaeus,1758) [ + [+ +=1+ 71+ + 0o [ +

Fam: Pomacentridae

Chromis chromis (Linnaeus,1758) [+ [ =+ [ =+ =+ ]+ ]+ + [+

Fam: Labridae

Coris julis (Linnaeus,1758) ++ + + 0 ++ + + +

Symphodus cinereus (Bonnaterre,1788) + 0 + 0 + 0 + +

Symphodus doderleini (Jordan,1890) + + 0 0 0 + + 0

Symphodus roissali (Risso,1810) + + + + + + 0 0

Thalassoma pavo (Linnaeus,1758) ++ ++ + + ++ ++ ++ ++

Fam: Blenniidae

Parablennius zvonimiri (Kolombatovic, i 0 0 i 4 0 4 0

1892)

Fam: Tripterygiidae

Tripterygion minor (Kolombatovic,1892) + + 0 + + + 0 +

Tripterygion tripteronotum (Risso, 1810) + 0 + 0 + 0 + +

gz%)ei ygion delaisi (Cadenat & Blache, i i i 0 0 i 4 n
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Table 3. Continued

Ord: Pleuronectiformes
Fam: Soleidae

Solea solea (Linnaeus,1758) [ o JoJoJoJ+TJoJoTJo

Ord: Gadiformes

Fam: Gadidae

Phycis phycis (Linnaeus,1766) + ++ 0 + + 0 + +
S=33 28 28 23 19 27 26 26 26

The benthic fish fauna of the infralittoral zone of “Plane” Island counted 33
species, rich and diversified but threatened by human activity (pollution, fishing
and illegal spearfishing). The development of actions to promote biodiversity
conservation, including the establishment of a monitoring system and strict
legislation towards endangered species of ecological/economic interest is
essential as is the case of the dusky grouper Epinephelus marginatus classified
as a vulnerable species giving the alarming situation of its population (decline
of mature individuals) (IUCN: Pollard et al. 2018).

1%

= Fish = Macroinvertebrates = Phanerogams = Macroalgae

Figure 5. Percentage of phyla recorded in the infralittoral zone of “Plane” Island

We compared our floristic inventory with two islands in the western Algerian
waters where 113 algal species have been recorded (MATE 2004) in the
Habibas Islands (total island surface of 0.4 km?), where 64 species of
Rhodophytes, 25 Chlorophyte and 24 Pheophyte species were reported.
However, around Rachgoun Island (total island surface of 0.16 km?) a total of
80 taxa of macroflora species have been recorded (PNUE/PAM-CAR/ASP
2016) in the depths between 0 and 43 m. The most diversified group is
Rhodophytes with 38 species followed by Pheophytes with 25 and Chlorophytes
with 17 species. These results show that more focused taxonomic studies could
possible reveal a higher biodiversity at “Plane” Island which covers a small area
of only 0.04 km?, but our preliminary study could identify 59 macroalgae
species and one important species of phanerogam presented by Posidonia
oceanica.

The results obtained at the infralittoral zone of different stations show a very

clear qualitative difference between the sites subjected to the anthropogenic
actions (infrastructures, overexploitations, pollution and tourism) and those
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relatively distant from these actions. Given its ease of access, the stations 1, 2,
3, 4 are more exposed to anthropogenic perturbations than stations 5, 6, 7 and 8.
In the southern part of the island there is a small jetty used by fishermen all year
long and this also receives thousands of tourists, pleasure boats and other
motorized watercrafts in summer period generating physical and chemical
aggressions to that fragile ecosystem and affecting biodiversity. The most
represented species around the island were the sea urchin Paracentrotus lividus,
the beadlet anemone Actina equina, the green anemone Anemonia viridis, the
sponge Spongia officinalis and the Mediterranean chromis Chromis chromis.

As stated by Fredj and Maurin (1987), the fish species encountered have an
Atlanto-Mediterranean origin (Table 1), as is the case of the majority of the
Mediterranean fish fauna. They have an affinity to temperate and warm waters.
The listed species had a thermal preference having as origin southern Ibero-
Moroccan and Saharian regions of the Mediterranean province such as
Epinephelus marginatus, Epinephelus costae while endemics are represented by
Diplodus sargus sargus.

The richness seems strongly influenced by the abiotic factors of each station,
such as hydrodynamism, mode of exposure, and anthropogenic activity, Figure
6 shows an important richness in ichthyofauna, rhodophytes, sponges and
cnidarians in the eight stations studied. This reflects the importance of the
geographical location and the substrate nature. Generally, transects were
characterized by very small shallow bottoms and many areas of scree, as a result
of erosion and disruption of the rock wall resulting in a very rugged and highly
complex underwater bottom.

All these elements are a major component of the island's underwater seabed, and
constitute important fixation surfaces (hard substrates) for benthic organisms
and allow the establishment of various biocenoses: coralligenous (red coral),
ichthyological and carcinological settlements. The rocky facies is juxtaposed on
the soft sedimentary facies, where it constitutes true rocky enclaves. The
extensions of the cliffs and scree are appropriate substrates which are colonized
in large part by macrophyte algae, hence proliferation of a strong plant
dominance, such as photophilic algae at low depths. In fact, all these conditions
give Paloma or “Plane” Island the characteristics of a nursing ground.

From 15 to 30 m deep the bottoms are mainly in the form of scree. Deep
bedrock outcrops (25 to 34m), characterized by low illumination and many
anfractuosities, resulted in sciaphilous flora and exuberant sessile fauna that
make up the coralligenous ecosystem. The singular sea fan Eunicella singularis
was one of the most remarkable species of “Plane” island bottoms marked by
the presence of large fish such as Muraena helena, Physis physis, Conger
conger, Epinephelus costae and Epinephelus marginatus.
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Figure 6. Specific richness (%) in the eight stations studied
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Given the lack of financial means and diving personnel (only two scientific
divers), our first inventory was limited to eight stations and 34m depth. Further
investigations, however, will explore biodiversity beyond this limit where
habitats are less exposed to the solar rays and are subject to much colder water
than surface, thus an extraordinary fauna are sheltered and the famous
"coralligenous reef walls" are formed.

The island contains also several underwater caves, with dark and semi-dark
characteristics. Four of them were explored, having several openings, which are
between 16 and 37m seen as a hot spot of biodiversity in littoral zone for a wide
range of organisms which do not depend directly on the luminous energy in
their life cycle like macro invertebrates that have a fixed way of life. Thus, the
shape of the cave, its size, depth contribute a lot to this specific richness. The
most abundant communities are the bryozoans Mjyriapora truncata, the
cnidarians  Astroides calycularis, Leptopsammia pruvoti, Parazoanthus
axinellae, Pourtalosmilia anthophylites, some dominant sponges: Agelas
oroides, Clathrina clathrus, Chondrosia reniformis. The presence of
bristleworm Protula tubularia and ascidians Halocynthia papillosa should be
noted. At the opening of the caves there is also a strong presence of Apogon
imberbis, which feed on small particles displaced by marine currents. Some
caves have faults and crevices in their walls where we met large specimens of
Muraena helena, Conger conger and the forkbeared Phycis phycis.

Of the 201 species inventoried, some are protected by Algerian legislation to
preserve the national biological heritage and international conventions
(Barcelona and Bern Conventions) in their different annexes and also appear in
the Red List of the IUCN. Status of protected species encountered in
“Plane” Island are resumed in Table 4.

Unlike the fish species strongly impacted by the various fishing practices, the
macrobenthic species are very diversified, marked by the presence of species
with special status or subject to protective measures indicated by international
conventions such as Barcelona Convention (1976) and Bern Convention
(concerning marine species in 1996) such as Macrophytes (Posidonia oceanica,
Cystoseira sp, Sargassum trichocarpum, Lithophyllum byssoides), Mollusks
(Patella ferruginea, Pinna nobilis, Pinna rudis, Charonia lampas, Lithophaga
lithophaga, Dendropoma lebeche, Luria lurida), Crustaceans (Scyllarides latus,
Scyllarus arctus Palinurus elephas Homarus gammarus, Maja squinado),
Echinoderms  (Centrostephanus  longispinus,  Ophidiaster ~ ophidianus,
Paracentrotus lividus), Cnidarians (Astroides calycularis, Savalia savaglia) and
Sponges (Axinella polypoides, Spongia officinalis). The immediate protection of
biodiversity of this area is needed to ensure the heritage value for the Oranian
shorline and for Algerian waters.
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Table 4. Protection status of species encountered in “Plane Island”: Algerian Protection
status, Barcelona and/or Bern Convention, Red List Category of the IUCN.

Algerian Barcelona Bern IUCN .
Protection status* convention  convention Red List
Category**
Flora
. Critically
Cystoseira amentacea Annex 11 Annex [ -
Endangered
Posidonia oceanica Endangered Annex II Annex I LC
Fauna
Mollusca
Patella ferruginea Threatened Annex II Annex II -
Lithophaga lithophaga Threatened Annex 11 Annex 11 -
Pinna nobilis Critically Annex II -
Endangered
Pinna rudis Threatened Annex 11 Annex 11 -
Cructacea
Palinurus elephas Threatened Annex III  Annex III VU
Scyllarides latus Threatened Annex III  Annex III DD
Maja squinado Near threatened Annex II  Annex III -
Echinodermata
Cent.rosltephanus Critically Annex 11 Annex 11 )
longispinus Endangered
Ophidiaster ophidianus Near threatened Annex 11 Annex 11 -
Paracentrotus lividus Near threatened Annex III  Annex III -
Chnidria
Astroides calycularis Near threatened Annex 11 Annex 11 -
Porifera
Axinella polypoides Near threatened Annex 11 Annex 11 -
Spongia officinalis Near threatened Annex III  Annex III -
Fish
Epinephelus marginatus Threatened Annex III  Annex III VU
Epinephelus costae Threatened Annex III  Annex III DD

*J.0.R.A.D.P, 2006 (Presidential Decree n° 2006-405).
** LC: Least Concern; VU: Vulnerable; DD: Data Deficient

Biocenosis of the “Plane” Island
This list is based on the classification of benthic marine habitat types for the
Mediterranean region elaborated by Experts on Marine Habitat Types in the
Mediterranean Region (Hyeéres, France, 18-20 November 1998) and reviewed
subsequently by experts in the 4 Meeting of National Focal Points for ASP
(UNEP (OCA)/MED WG 1999).

Hard bottoms and rocks

Biocenosis of upper mediolittoral rock

Association with Nemalion helminthoides and Rissoella verruculosa

Biocenosis of the lower mediolittoral rock
Association with Lithophyllum byssoides
Association with Gelidium spp.
Association with Ulva spp.
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Biocenosis of mediolittoral caves

Association with Phymatolithon lenormandii and Hildenbrandia rubra
Biocenosis of infralittoral algae

Association of Photophilic Algae in beaten Mode

Overgrazing Association of Encrusting Seaweeds and Urchins

Association of Hemiphotophilic Algae

Association of Photophilous Algae in beaten mode:

Overgrazing facies with encrusting seaweed and sea urchins

Association with Cystoseira amentacea (var amentacea, var stricta, var

spicata)

Association with Corallina elongata

Association with Sargassum vulgare

Association with Dictyopteris polypodioides

Association in Calpomenia sinuosa

Association with Ulva sp.

Association with Padina pavonica and Dictyotales

Association with Posidonia oceanica

Association of Sciaphile Algae in beaten Mode:

Facies with large hydrates

Facies with Astroides calycularis

Sciaphile Algae Association in sheltered Mode

Association with Peyssonnelia rubra and Peyssonnelia spp.
Coralligenous biocenosis

Facies with gorgonians

Facies with Eunicella cavolini

Facies with Eunicella singularis

Facies with Parazoanthus axinellae

Facies and association of Coralligenous biocenosis (in enclave)

Biocenosis of semi-dark caves
Facies with Parazoanthus axinellae
Facies with Astroides calycularis

Conclusion

The examination of “Plane” Island's benthic biodiversity shows an undeniable
specific richness of these seabed showing a high diversity with 55 species
distributed between the supra and mid-littoral stage and 195 species to the
infralittoral stage. The total number of taxa inventoried after the elimination of
the species present in both parts is around 201 benthic species.

The island is characterized by the presence of six biocenosis of hard rock with
19 associations and 9 facies. The bioconcretions, the colored facies of red
gorgonians (Paramuricea clavata), yellow gorgonians (Eunicella cavolini) and
sessile macrofauna mark the coralligenous habitat. The presence of large and
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small pelagics (sardine, bogue, Atlantic horse mackerel, tuna, swordfish...) adds
interest to the area as evidenced by the large numbers of purse seiners, common
dolphins (Delphinus delphis Linnaeus, 1758) and grey petrels Procellaria
cinerea (Gmelin, 1789) around the island.

In addition to the ichthyofauna of the hard and soft substrates, the landings in
the region reveal an important fishing potential, especially in demersal species.
A population of common dolphins regularly visits the area between “Plane” and
the Habibas Islands, as well as two species of turtles: leatherback (Dermochelys
coriacea Linnaeus, 1758) and loggerhead sea turtles (Caretta caretta
Linnaeus,1758), that are also reported around the island (Lanteri,1982;
Laurent,1988,1990, Boutiba, 1992, Hussein 2015).

However, like the Oranian coast, "Plane" Island is not immune to aggressions of
exotic and invasive species, such as Caulerpa racemosa var. cylindracea,
Codium brittle, Asparagopsis armata and Asparagopsis taxiformis, bryozoan
Amathia verticillata, scleractiniaria Oculina patagonica.

From a biogeographic point of view, “Plane” island is located in the transition
zone between Alboran Sea and the western Mediterranean basin, rich in
plankton necessary for the functioning of the benthic domain. The inventory of
“Plane” Island should be used to help administrative management and decisions
on protection, responding to international programs and obligations.

All of these preliminary elements aiming to evaluate biodiversity in “Plane”
Island are at the same time a foundation and a real advocacy to initiate a process
of classification and preservation of the terrestrial and marine heritage
components of this insular ecosystem. To date, the Algerian legislation (Official
Journal of the Algerian Republic 14 December 2003) has protected marine
resources by prohibition of fishing activity within the 6 miles zone and around
insular areas but to our point of view illegal spearfishing and ghost fishing stay
as the most destructive factors resulting in biodiversity loss. Strict political
decisions were taken since 2003 for the Oranian shoreline, then the protection of
Habibas Island was achieved as an MPA. Recently on 1 October 2018, a second
project of MPA was suggested concerning “Plane” Island.

This study aimed to inventory the prominent species in ‘“Plane” Island,
determine the presence of species of conservation interest and categorize rocky
benthic habitats in order to help decision-makers and managers with the
conservation plans of the island. Further studies are necessary for the taxonomic
identification of small, cryptic and less flagrant species and should include
depths beyond 34 m and the various caves present in the island. Investigations
must include the monitoring of some pertinent species with emphasis on
populations density, dynamics, and ecology. This first inventory of biodiversity
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in “Plane” Island will surely help national and international MPA’s managers to
fill the gaps for the threatened and vulnerable species of the Mediterranean Sea.
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Caulerpa racemosa var. cylindracea (hereafter Caulerpa cylindracea) was first reported in the Mediterranean Sea in
1926 in Tunisian waters and then in Tripoli harbor in Libya, in 1990. In late 90s it invaded the southern shore of Europe. In
Algeria, this invasive species was reported for the first time in 20072, five years after it appeared about 450 km from the first
site in the eastern part of the Oranian littoral. This situation required widespread monitoring of this invasive species all along
124 km of the coastline. More than 10 stations were patrolled and monitored since then, studied by scuba diving between the
surface and 30 m depth.

The observations devoted to the distribution of Caulerpa cylindracea in Oran showed that specimens presented the same
appearance with irregularly entangled branched stolons attached to the substrate by colorless rhizoids from which the name
of the variety cylindracea was derived. Chronologically, the invasion direction seems to move from the bottom to the surface
with an orientation from east to west, in the Oranian coastline. In Situ observations confirmed high propagation speed of
Caulerpe in the Oranian coastline where invasions were signaled in several stations. The seaweed was observed for the first
time in late 2011 and early 2012 (pers.obs) in Arzew Gulf (Cap Carbon) at the extreme east of the littoral, where the first
fronds were noticed. Then it extended geographically to the center of the coastline, in Kristel, early 2013. In 2014, it was
observed in Ain Turc and Cap Falcon. In 2015, it was observed in the western shoreline near Bousfer beach and in 2016 it
reached the “Plane” island (Paloma).

This alien species was encountered at depths ranging from a few centimeters in microcuvettes up to 37 m, on various
substrates (hard, sandy, muddy) between marine phanerogams rhizomes and, also between the lower mid-littoral and infra-
littorals superior algae, with Posidonia oceanica herbarium. The study suggested a strong need for scientific monitoring and
management program, using optimized methodslike biological control or manual eradication for controlling the invasion.

[Keywords: Invasive algae, Caulerpa cylindracea, Oran coastline, Algeria]

Introduction

Caulerpa racemosa var. Cylindracea hereafter
referred to as C. Cylindracea is an exotic species
(sometimes also referred to as an alien, introduced,
non-indigenous or non-native  species),  gets
introduced intentionally or unintentionally after
having established a population and spreading wild in
the new host region’. This species, native of south-
western Australia, was escribed for the first time in
Tunisian waters' and then in Lybian waters’. But the
invasion danger represented by Caulerpa racemosa

was pointed in early 90s™".

In its original habitat, this species lives in balance
with its natural environment and its population is
controlled by several ecosystem interactions, such as
predation, parasitism, and diseases. However, this
species can immediately settle in a new environment

and become invasive, causing biological disturbance

in the marine coastal ecosystems **'°.

In Algeria, since 2007, Caulerpa cylindracea has
been mainly located in the central region of the
Algerian coast, where it covers a wide variety of
substrates ranging from mud to rocky bottoms®. It was
reported at different depths during phytosociological
follow-up of macrophyte populations in different
coastal zones of Algiers area and became widely
spread in Algiers Bay in a very short time™' "%,

C. cylindracea was first identified in Bou-Ismail in
20067, Bordj El Kiffan in the East of Algiers'', and in
different areas of Algiers coast'>. On the Algerian
west coast, this algae was reported in Mostaganem'>'*
by the presence of several stands in the Gulf of
Arzew, Stidia, and near the port of Salamandre at the
West of Mostaganem.
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Oran shoreline faced this situation of invasion from
East and North Algeria, also accentuated by Almeria-
Oran current which sweeps the Algerian coast
accelerating the invasion process coming from Spain
(South European shore) where it was reported in
several cities, including Almeria (Andalusia) 30 m of
isobath", and the anthropogenic factor stay the most
incriminated’®’.

This study clearly indicated the invasion of the
Oranian coast by Caulerpa cylindracea, since 2012.
The 124 km long coast was a subject of spatio-
temporal prospection and bathymetric follow-up of
coastal  ecosystem, already weakened by
anthropization and littoralization. The objective was
to provide a map of the chronological invasion and
spatial distribution of the species and to describe its
bathymetric distribution and its interaction with the
local ecosystems including the associated flora and
fauna.

Materials and Methods

Few protocols are designed specifically for
signaling exotic species and invasive alien species to
help facilitate early understanding of the relative risk
of invasion of marine coastal ecosystems by different
species'®. This in turn helps to identify potential
invasion patterns and target management efforts to
reduce additional risks. These data can also be used to
facilitate identification of the area's most likely to be
invaded in the future.

The present study depicted the recent situation of
Caulerpa cylindracea on the Oranian coastline,
North-West coastal fringe of Algeria, using scuba
diving as a means of study at the depth ranging
between 25 and 30 m, based on the field data
obtained, focusing on the morphological, bathymetric,
recovery status and associated fauna and flora'’.

Study area

The Oranian coastline is located on the southern
shore of the Mediterranean basin about 432 km from
the capital Algiers. The coastal line extends over 124
km and represents 1/10 of the national coastline.
Along this zone, more than 10 stations were identified
and explored (Fig.1) by way of autonomous diving at
30 m depth (photic zone) during different periods
(winter and summer). Each station was transected
from the shore to the large'™"’.

The stations were selected to represent all types of
habitats, depths, substrates, and wave exposure
conditions, from the surface to the deepest area
reached in each transect. In the second stage (during

the ascent), each benthic community was carefully
examined for characterization of the fauna and
associated flora.

Study methodology

The survey was based on the observations made by
recreational divers already aware of the situation and
their  personal statements. Surveillance and
sensitization campaigns among sea users, fishing
vessels, yachtsmen and divers helped to detect the
presence of the exotic species, following the supply of
information cards distributed previously to facilitate
its recognition.

Once the stations were chosen, the methods used
varied according to the nature of the habitat of each
station and also on the available financial and
logistical resources. The monitoring was carried out at
each exit by two divers (Fig. 2), which followed a
linear transect perpendicular to the littoral and carried
out in summer and in winter to detect the presence of
the species in relation to the two seasons™. Only
individuals or colonies with at least 50% of the area
within the strip transect were considered and counted
to avoid distorting the sample'.

During this process, care was taken to control
propagation of the species in other areas by the use of
non-destructive methods. The organization of such
protocol of early warning system ensured rapid
transmission of information so that an assessment and
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Fig. 1 — Presentation of the Oranian littoral and the stations
invaded by C. cylindrcea.

Fig. 2 — Prospection and diving surveys on random transect to
study C. cylindrcea in Oran coastline.
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corrective action can be proposed (cf. Marine Alien
Invasive Species Strategy for the MedPAN Network,
2012). The identification sheets were used for marine
exotic species in the Mediterranean'’ and the
international standardization procedure for the
mapping evaluation of Caulerpa taxifolia™*

Results and Discussion

Although the transport of algae on floating woods
has been considered for some distant colonies, most
of them have an anthropogenic origin®***. In Oran,
this was the first work concerning the introduction
and invasion of marine algae on a regional scale. The
presence of the Caulerpe was reported in the Eastern
region of Oran®”° at “Port aux Poules" harbor and at
Cap Carbon between 2 and 7 m depth.

It was found that the seaweed frequented the
Oranian coast since 2011-2012 (pers.obs), precisely,
at Cap Carbon in Arzew zone’”°. The eastern littoral
welcomed the first fronds of C. racemosa var.
cylindracea, which installed first as spots of
disseminated individuals in the biocenosis of
photophilic algae of the upper infra-littoral. Several C.
racemosa individuals were detected at Cap Carbon in
2012, at 0.3 m depth in a small bedrock cuvette
(Fig. 3). This first signaling allowed for follow up of
its distribution, knowing that the species was absent
or never encountered in the rest of the Oranian
littoral.

Speciesidentification

Caulerpa cylindracea is a green marine
chlorobionte (green alga) recognized by its creeping
axes (stolons) with rhizoids and upright fronds with
ramules in the form of vesicles, sized between 1 and
11 cm and characterized by a sexual and vegetative

Fig. 3 — First signaling of C. cylindracea in Cap Carbon at 30 cm
depth, Gulf of Arzew, Estern Oranian coasts, 2012.

reproduction. Observations on the distribution of C.
cylindracea in Oran since 2012 showed that the
specimens present the same appearance with irregular
and entangled branched stolons attached to the
substrate by colourless rhizoids (Fig. 4).

Spatio-temporal evolution of invasion by
C. cylindracea

Caulerpa cylindracea invasion occurred from east
to west along the Oranian coastline, chronologically
since 2011-2012, the species spread to the extreme
west in only four years (Fig. 5).

The affected stations with their GPS position are
represented in Table 1.

The sense of invasion was the same as the one
which affected the Algerian coast. After the first
signaling in Algeria in 2006 at Algiers harbor, this
species was present in the west coasts after only five
years, which highlighted the speed of its distribution
and the need to control this invasion Reaping in view
the detected consequences on the communities and
coastal ecosystems of the Algerian coastline. Its
presence on the western Algerian coasts was monitored
to better assess the extent of its proliferation, given that
the invasive variety of Caulerpa racemosa spread in
Algeria in a very short time®.
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Fig. 4 — Specimen of Caulerpa cylindracea present in Oran Bay.
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Fig. 5 — Geographical, chronological invasion and habitat
characterization of C. cylindracea in the Oranian coastline.
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Table 1 — Geographical coordinates for invasions by C. cylindracea in the Oranian coastline.

Location Latitude Longitude bottom Depth Year*

Cap Carbon N 35°54'11.6706" 0°20'23.4414" Rocky, seagrass 0.3-8m 2012

Kristel N 35°50'29.2992" 0°29'3.6132" Sandy/Galets 1.5m 2013

Ain Tiirck N 35°44' 13.4802" 0°43'43.338" Sandy/Galets 3m 2014

Cap Falcon N 35°46' 16.4742" 0°47' 33.6876" Rocky Sm 2014

Bousfer beach N 35°43'33.8484" 0° 50" 55.9386" Rocky/Sandy Im 2015

Plane Island N 35°46'16.0278" 0°54'10.3206" Rocky 0.2-37m 2016

*Year of the First Observation
All in situ surveys and in visio monitoring showed P T /¢ (G me v

that the invasion spots were mainly represented by pen N f

low density communities with modest tangle rates and {*@. £ oo )

the presence of small tufts, indicating a recent &K A X

invasion, and hence the felt need to take early and [ L 2006

urgent measures to control its geographical : 008 e

distribution and to limit its impact on the marine ™ vomgnenh | R\ (e

; A 2012 e i

environment. - ran in Mediterranean Sea i
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Bathymetry

Found at depths ranging from few centimeters to
37 m, the invasive species also occupies various
substrates (hard, sandy, muddy) between the rhizomes
of marine phanerogams and also between the lower
mid-littoral algae and the upper infra-littoral algae
associated to Posidonia aceanica herbarium and on
dead matter.

Scientific survey dives indicated that invasion by
C. cylindracea in the Oranian coastline took place
from the bottom to the surface. In fact, in all the study
sites, sea grapes were always observed first at a depth
of more than 2 m, and later at the surface, spread in
small crevasses between the mid-littoral and the upper
infra-littoral. Algerian waters were invaded around
Algiers in 2006, Mostaganem littoral in 2008 and then
Oranian coastline in 2011-2012; the introduction
vector remains unknown at present. This rapidity
could be explained by its reproduction mode, in
synergy with anthropogenic activities. Figure 6 shows
an update of its distribution in the Mediterranean
basin as well as new indications of the species in the
west Algerian water duly integrated.

Situation of C. cylindracea in Oran

Cap Carbon Station

In 2010, the species was reported in the Gulf of
Arzew'*'*and in 2012 it was observed at Cap Carbon’
as isolated fronds in an area of 2 m’ of a rocky
micropiscine (Fig. 7) between tufts of Cystosiera. sp,
Coralina elongata and Ulva at a depth of 0.2 m. The
species was encountered in 2013 between 1 and 3 m
depth with Posidonia oceanica herbarium’.

Fig. 6 — Updated map of C. cylindracea distribution in the
Mediterranean and North Atlantic (Canary Islands). Red dot: First
signaling in Libya® ™% oreen dot: First signaling in the
Oranian coastline, 2017.

Fig. 7 — C. cylindracea at Cap Carbon in 2012 east of the
Oranian littoral.

Cap Falcon Station

Cap Falcon was the most infected site with 90% of
recovery to a depth of 5 m. In some rocks, the spots
were characterized by ramulas with bulky vesicles
(Fig. 8), indicating an old invasion with large fronds.
This could be attributed to the maritime traffic at this
station, favored by the presence of a local boat house.

“Plane” idand (Paloma) Station

C. cylindracea invaded the island in 2014, where a
spot of 30 fronds was found at 37 m, in June 2016,
during the beginning of the summer season. It
surfaced and settled in a micro-cuvette with a
covering rate of 70% at a depth of 0.3 m on a surface
of 1 m* characterized by fronds of 5 cm (Fig. 9).



HUSSEIN & BENSAHLA: FIRST RECORD OF INVASIVE GREEN ALGAE CAULERPA RACEMOSA VAR. CYLINDRACEA 339

Fig. 8 — C. cylindracea at Cap Falcon in 2014 in the center of the
Oranian littoral.

a5

Fig. 9 — Spot of C. cylindracea at “Plane” Island in 2016 West of
the Oranian littoral.

During the winter season, around mid-December, a
marked decrease in the occupied area was observed
due to the reduction in foliar production of the species
marking the dormancy state of its life cycle. This was
the best time to treat the phenomenon of the
biological invasion of C. cylindracea on the Oranian
coast by manual eradication of the spots to stop its
spread and to maintain the equilibrium of infected
spaces' "4 Several individuals were recorded
recently in 2017 on the wall of a steep rocky cliff
underwater near the landing stage of the island at 8 m
of isobath.

Flora and associated fauna

So far algae sharing the same biotope as C.
cylindracea is concerned, there was dominance of
rhodophytes (Lithophyllum sp, Peyssonnelia spp and
Mesophyllum sp), sciaphil algae chlorophytes
(Codium bursa, Flavellia petiolata, and Halimeda
tuna), and phaeophytes, (Cystoseira sp).

In the enclaves (<1 m deep), photophilic algal
biocenosis competed in space with C. cylindracea, In
the case of Ulves, Enteromorpha, Carolina elongata
and Dichtyota dictyotoma were abundant. Other non-

indigenous algae that colonized the Mediterranean
also competed in space, as in the case of
Asparagopsis armata and A. taxiformis;, the
indigenous species are represented by microalgae
which recover the rocky walls. It also frequented the
upper limits of the Posidonia oceanica herbarium as
found in Cap Carbon.

For associated fauna, the dominant species were:
Sessile filtering organisms, such as Greek bathing
sponge Spongia officinalis sponges, Chondrosia
reniformis, Crambe crambe, sessile and vagile micro
invertebrates. These used C. cylindracea spots as
shelter which attract considerable ichthyofauna®;
fronds can be disseminated and settled on any surface,
with species such as the anemones Anemonia viridis,
sea tomato Actina equina and polychaete spirograph
sp. Also encountered were the populations of
echinoderms common urchin Paracentrotus lividus,
sea star Hacelia attenuata, and sea cucumber
Holothuria sp and fish juvenile: bogue Boops boops,
golden mullet Liza aurata, Gobidea, Mediterranean
rainbow wrasse Coris julis, Trypteregion delesai and
comber Serranus sp, which continually frequented the
stollons.

Intreaction of C. cylindracea with native benthic
communities

The colonization of the substrate by C. cylindracea
seemed to affect the evolution of the benthic
communities in terms of diversity, abundance, and
seasonal dynamics®?’**, probably due to the
presence of C. cylindracea that modifies the physico-
chemical parameters in the sediments™.

This seaweed is eaten by several herbivorous fish,
mainly sparidae: the bogue Boops boops, the axillary
seabream Pagellus acarne’, the saupe (Sarpa salpa)
and Spondyliosoma cantharus®. It is also consumed
by the common sea urchin (Paracentrotus lividus) and
the granular sea urchin (Sphaerichinus granularis), as
well as molluscs (Aplysia sp, Ascobulla fragilis,
Bittium latreilli, Elysia tomentosa, Lobiger
serradifalci and Oxynoe olivacea).

The invasion effects of C. cylindracea on the
functioning of ecosystems may depend on the feeding
choice of herbivores between native and non-native
algae. Competition of C. cylindracea with macroalgae
on space may increase habitat disturbance. In a study
in southern Sicily’' investigating the feeding
preferences of Paracentrotus lividus exposed to
native macroalgae and non-native species, it was
found that over a period of 48 h, P. lividus
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preferentially consumed C. cylindracea and D.
membranacea  (mixture of  non-indigenous
macroalgae), when the mixture of native macroalgae
had barely been consumed.

In addition, our observation suggested that
potential control and bioremediation by P. lividus on
propagation might be possible when the invasive
species coexisted with other indigenous macroalgae.
The presence of toxins in this variety and their
potential effects on herbivorous fauna and on the
movement of organic matter through trophoblastic
chains remained to be established, including the last
consumer who is man.

Conclusion

The work presented allowed preparation of an
initial inventory of the invasion by C. cylindracea at
the level of the coastal zone of Oran. It is particularly
an invasive species given that only five years from the
first signaling in Algeria were sufficient for this
species to invade the Oranian coast, to colonize and
disturb the ecosystem, resulting in a reduction of the
indigenous phytobenthos®*** %,

In recent years, the Oranian coastline is
experienced a galloping trend of anthropogenic
activities on the maritime fagade with the presence of
one of the most important ports of Algeria, which
remain exposed to an intense fishing activity and
maritime traffic.

The detailed map and recent data from the original
in  sSitu  surveys supplemented by underwater
photographs confirmed high propagation speed of C.
cylindracea in the Oranian littoral, which allowed
signaling of the invasion in several stations. Indeed,
the seaweed frequented the eastern coasts of Oran
beginning in 2011-2012, precisely, the zone of Arzew
- Cap Carbon®®’, that welcomed the first fronds of
Caulerpa cylindracea. Then it extended its
geographical repartition area to the center in 2013
precisely in Kristel. In 2014, it reached Ain Tiirck and
Cap Falcon and in 2015 it settled in the western coast
of Oran at Bousfer beach, and finaly in 2016, it was
found in the “Plane” island (Paloma).

The investigations carried out on the Oranian coast
have so far been partial; the observations reported in
this study provided the dimension of the tasks still to be
accomplished. It would be desirable to extend similar
research to other stations on the Oranian seaboard on
the one hand and on the other hand to rocky and littoral
bottoms, to better control and evaluate its dangerous
spread in this important and vulnerable zone.

The study also provided interesting reflection on
the state of C. cylindracea to take measures to signal
other invasive species and to propose management of
invaded habitats. The scientist will have the heavy
task of finding the method(s) to control this invasion,
for example, the use of biological control or manual
eradication techniques. It is certain that the marine
ecosystem has been affected in recent decades by the
impact of a growing population and what it generates
as exhaustion of natural resources, most often by
using non-controlled pressures. Climate change and
industrialization are also amplifying the degradation
of these ecosystems. Faced with this problem, it
appears that the only way to hope preserving
ecosystems is to establish follow-ups at different
levels of the affected coastline.
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ABSTRACT

We tried to estimate age, growth parameters, condition factor, length-weight relationship and mortality
rates (Z, M, and F) of the common carp in Merdja Sidi Abed dam. Cyprinus carpio specimens were
captured by long line between April and June 2013 in Merdjea Sidi abed. 220 individuals were
collected and weights ranged between 265.5 and 620.3 g while the total length ranged between 26.3
and 35.6 cm. Length-converted catch curve was used to estimate total annual instantaneous mortality
rates (Z), natural mortality was calculated using Pauly formula [In(M) = -0.0152 - 0.279 In(L..) + 0.6543
In(K) + 0.463 In(T)]. Recruitment patterns were determined from the routine implemented in FISAT II.
For all individuals (n = 220) of the common carp, the relationship between total length and body
weight was: W = 0.0384 L*™ (r* = 0.906) for females and W = 0.0467 L*®% (r* = 0.976) for males a
minor allometry was found for this species, mean condition factor K was estimated at 1.41. The
maximum value of recruitment was recorded in March-April period with 19.56 and 15.20%
respectively. The Battacharya method was used to estimate age of individuals that was comprised
between 1 and years 3. The equation of Von Bertalanffy growth was: L = 36.75 [1-e ¢ * %3] for all
the population. Total mortality (Z), natural mortality (M) and fishing mortality (F) were as follows: Z =
1.08, M = 0.82, F = 0.26 yr™* while exploitation ratio (E) was evaluated at 0.24 indicating an under
exploitation of this local resource.

Keywords: Common carp, Cyprinus carpio, Sidi Abed dam, age, growth, fisheries.

1. Introduction

The common carp (Cyprinus carpio L.
1758) belongs to a family Cyprinidae of order
Cypriniformes is a freshwater species inhabiting
warm, deep, slow-flowing and still waters such
as lowland rivers and large, well vegetated
lakes (Kottelat and Freyhof 2007). Hardy and
tolerant of a wide variety of conditions but
generally favor large water bodies with slow
flowing or standing water and soft bottom
sediments. Thrive in large turbid rivers (Scott
and Crossman 1998). Most active at dusk and
dawn. Both adults and juveniles feed on a
variety of benthic organisms and plant material.
Common carps (Cyprinus carpio) are frequently
cultured and are of great commercial value as a

food fish both over their native and introduced
range (Aguirre and Poss, 2000).

It is known to be a non-native fresh water
species in Algeria, it's first introduction dates
from 1860 (Dieuzeide and Roland, 1951). It has
been chosen as an ideal candidate for
repopulating Algerian wetlands given its easy
adaptation to a large variety of aquatic
environments (dams, lakes, reservoirs).

Scarce data exist on the common carp
from the south side of the mediterranean basin
and especially from Algeria except works of
Hadjlaoui et al., 2016 on Tunisian carp, Tandjir
and Djebar 2008 focusing on general traits of
carpiculture in Algeria, Kara 2012 focusing on
fresh water fish biodiversity and Mimeche et al.,
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2015 describing the growth of this species for
Eastern Algeria, the aim of our study is to give
primary results on age, growth and exploitation
of this cyprinid in order to adopt the appropriate
management for it's conservation.

2. Material and Methods

Common carp Cyprinus carpio (Linnaeus
1758) specimens were captured by long line
between April and June 2013 in Merdja Sidi
abed dam (figure 1) in Wilaya (district) of
Ghelizane (36°00°12°N, 1°00'37E). Total length
(L) was measured with an ichthyometer to the

Morocco

nearest 0.1 cm and total weight (W) weighed
with 1 g precision digital scale. Length-weight
relationship was calculated as follows:

W=alL" (Ricker, 1973).

where “W” is the body weight (g) and “L” is the
total body length (cm), “b” is the regression
coefficient and “a” is the regression constant. A
Student’s t-test (Zar, 1999) was used to test the
difference of the parameter “b” from the

theoretical value of 3.

Figure 1. Study area (googlemap 2018, modified).

Fulton’s condition factor calculated as follows:
C=(W*100)/L* (Fulton, 1904).

where “W” is the body weight (g) and “L” is the
total body length (cm).

The Von Bertalanffy growth function was
used to describe the growth of this Cyprinidae.
The Battacharya method was employed to
determine age of individuals. Bhattacharya’'s
method, distinguishing parameters with normal
distribution from a combined distribution
pattern (Sparre and Venema 1992) was used
for splitting composite distributions for fish
length distributions into separate normal
distributions, applicable to cohorts. Length-

converted catch curve was used to estimate
total annual instantaneous mortality rates (Z),
natural mortality was calculated using Pauly
formula [In(M) = -0.0152 - 0.279 In(L.) +
0.6543 In(K) + 0.463 In(T)] K: growth
coefficient; T: annual mean water temperature
(°C); Recruitment patterns were determined
from the routine implemented in FISAT II; and
fishing mortality deducted from the Equation:

F=Z-M. (Pauly, 1984).
3. Results
The length frequency distribution of 220
fish is shown in Table 1. The total length of

individuals ranged from 17 to 47.8 cm, while
the weight ranged from 72 to 1275.2 g.
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Table 1. Maximum and minimum values of the total length and total weight for males, females and
undetermined of C. carpio off Merdja Sidi Abed, Algeria.

Total length (cm)

Total weight (g)

Minimum Maximum Minimum Maximum
Males 17 46.2 72 1180
Females 18.2 47.8 89.9 1275.2
undetermined 13.8 40.9 41 170.9

The length—weight relatlonshPs (Table 2)
were calculated as W= 0.0252L° =0.9928)
for females, W=0.0178L*°"" (* = 09905) for
males and W = 0.0197L%%"% (r2:0.9936) for all
specimens showing negative allometric growth.

(t=3.58>ty 05,220=1.65) while condition factor was
calculated as 1.62 for males and as 1.76 for
females.

Bhattacharya's analysis of length
frequencies (Figure 2) of Cyprinus carpio

specimens allowed us to distinguish 2 cohorts

The parameter “b” of length-weight
for the both sexes summarized in (Table 3.)

relationships was significantly different from 3

Table 2. Parameters of the length—weight relationship for males, females and all C. carpio off merdja
Sidi Abed and isometry tested by Student t-testx (t >ty 05, N>200 = 1.96).

a b s.d (b) n r’ t-test
Males 0.0178 2.90 0.023 74 0.99 4.69*
Females 0.0252 2.80 0.023 98 0.99 8.58*
All fish 0.0198 2.87 0.025 220 0.99 3.58*
a
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Figure 2. Total length-frequency distribution for C. carpio caught in Merdjet sidi abed dam: a) males,
b) females separated into two length groups (cohorts) by Bhattacharya’s method.
Table 3. Length-age key for the common carp, of C. carpio caught in Merdja sidi Abed dam calculated

by Bhattacharya’s method.

Age group Males Females
1 28.6+0.88 cm 28.83+2.21 cm
2 31.66+1.02 cm 31.30+£1.93 cm

Table 4. Parameters of the von Bertalanffy growth equation for males, females and all C. carpio off

merdjet Sidi Abed.

n L. (mm) k (year ) t, (year) Z M F E
Males 74 36.75 0.35 -0.44 0.85 0.67 0.18 0.21
Females 98 36.75 0.46 -0.33 0.89 0.81 0.08 0.09
All fish 220 36.75 0.46 -0.33 1.08 0.82 0.26 0.24

Von Bertalanffy’s growth curve
parameters for males, females and all fish were
calculated and are shown in Table 4. Total
mortality rate (Z) for all samples was 1.08 year
!, The annual mean water temperature at the
study locality was 17°C. Thus, natural mortality
rate (M) was estimated as 0.82 year™. Fishing
mortality rate (F) was found to be 0.26 year™.
The ?xploitation rate (E) was calculated as 0.24
year ™.

4. Discussion

The exponent b of the length-weight
relationships in each sex (b = 2.9 for females, b
= 2.8 for males) showed that weight increased
with length in negative allometry which agrees
with the majority of works done on this cyprinid
and b factor variated between 2.66 and 2.93
(table 4) while positive allometry was found for
this species in Almus Dam Lake (Karatas et al.,
2007) and Hatay province (Ozcan, 2008).

In fact, as fish grows, changes in weight
are relatively greater than changes in length.
The b values in fish differ according to species,
sex, age, seasons and feeding (Ricker 1975;
Bagenal and Tesch, 1978). In addition, changes
in fish shape, physiological conditions, different
amounts of food available, life span or growth
increments can all affect the b growth exponent
(Frost 1945; Treer et al., 1998, 1999; Kocg et al.,
2007). Changes in fish shape, physiological
changes, hydrological environmental
conditions, different food availability during life
span, growth increment can all affect growth
exponent b (Sinovcié, 2000).

The Bhattacharya’s method determined
only two cohorts while in other studies age
varied between 5 and 14 determined from scale
or otoliths readings. this analysis method needs
a sufficient number of individuals in every age
group. however, only 220 individuals were
available for our study and age should be
determined by otolithometry or scalimetry.

L. and K values in relevant literature are
shown in table 5. In our estimations, the
asymptotic length of C. carpio was L.=36.75
and K value was 0.46 for all individuals,
indicating a relatively fast growing speed in
Merdjet Sidi Abed as found in some studies in
India in Thirumoorthy Reservoir (K=0.958,
Palaniswamy et al., 2011) and Iran in Mangla
reservoir (K=0.6, Mirza et al., 2012) which is not
the case for other studies where K factor was
comprised between 0.0754 and 0.28 year™.Our
findings in CF are lower than those estimated in
the literature (Table 3).

In Merdjet sidi abed C. carpio grows
relatively fast during the first years of life with a
K constant higher than other regions (Table 5)
as noticed by Palaniswamy et al., 2011 in India
while in other studies this parameter reflects a
slow growth of the species.

The length-converted catch curve gave a
rate of total mortality (Z=1.08) which is in
accordance to results shown in table 5, natural
mortality (M) was evaluated at 0.82 with Pauly
empiric formula with a mean annual habitat of
17°C which is similar to works done on the
same species (Mirza et al., 2012) in Pakistan
and greater than other studies.
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Table 4. Length - weight relationships for C. carpio in several studies, based on W=aL" (weight in g,

length in cm)
Locality Sex n b se() r Author
M 130 0.00004 2.84 - 0.97 )
Fatemi et al., 2009
F 198 0.00004 2.82 0.98
Iran Caspian sea C 2090 0.03140 2.84 0.017 0.93

Moradinasab et al.,2012

F 151 0.00700 3.21 - -

C 604 0.02500 2.90 - 0.92 Sedaghatetal., 2013
F 350 0.02580 2.86 - -
Golhisar Lake Alp and Balik. 2000
M 324 0.02430 2.88 - -
Karamik Lake C 108 0.02450 2.92 0.031 0.99 Balik et al., 2006
C 288 0.02830 2.87 - 0.96
Liman Lake M 121 0.02890 2.86 - - Demirkalp 2007a
F 141 0.02820 2.87 - -
Turkey Cernek Lake C 364 0.05470 2.66 - 0.95 Demirkalp 2007b
Almus Dam Lake C 308 0.00490 3.31 - 0.94 Karatas et al., 2007
Hatay province C 95 0.02100 3.11 0.176 0.98 Ozcan 2008
Lake Isikh C 158 0.03500 2.84 - - Yagci etal., 2008
Damsa Dam Lake C 160 0.02190 2.90 0.900 0.96 Mertand Bulut. 2014
M 180 0.00004 2.87 - 0.94 Saylar and Benzer.
Mogan Lake
F 168 0.000080 2.70 - 094 2014
South )
_ Lake Gariep C 566 0.0000532.829 - 0.97 Winker et al., 2011
Africa
Romania  Braila Island C 367 0.027100 2.84 - 0.97 Gheorghe et al., 2011
Tunisia Sidi Sadd dam C 2285 0.08600 2.93 - 0.97 Hajlaoui et al., 2016
Ain zada reservoir C 114 0.09100 2.43 0.050 0.95 Mimeche etal., 2013
K’sob reservoir C 150 0.04400 2.66 0.060 0.92 Mimeche etal., 2015
C 220 0.01970 2.87 0.026 0.99
Algeria
Merdja Sidi Abed M 74 0.01780 2.90 0.023 0.99 Present study

F 98 0.02520 2.80 0.023 0.99

A low fishing mortality (F) factor was
found F=0.26 as mentioned by other authors
(Table 5) (Balik et al.,, 2006, Karatas et al.,
2007; Winker et al., 2011; Mirza et al., 2012;
Tesfaye and Wolff. 2015) may be due to the
absence of commercial fishing in Merdjet sidi
abed.

A suggested by Gulland (1971) the
exploitation ratio quite equal to 0.50 reflect an
equilibrated situation of the exploited stock
which is the case of Almus Dam Lake C. carpio

population (Karatas et al., 2007). In other
studies, this ratio exceeded 0.5 reflecing signs
of over exloitation (Alp and Balik. 2000; Balik et
al., 2006; Palaniswamy et al., 2011; Njiru et al.,
2008; Fatemi et al., 2009) while our findings
(E=0.24) are similar to those done in Lake
Gariep (Winker et al, 2011), Koka Lake
(Tesfaye and Wolff. 2015), Mangla reservoir
(Mirza et al, 2012) exhibiting an under
exploitation of the resource probably due the
presence one fishing gear (long lines).
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Table 5. Parameters of the von Bertalanffy growth equation, Total (Z), natural (M) and fishing (F) mortality rate and the exploitation ratio (E) for males, females
and all C. carpio in several studies

Locality n L K tr Age k Z M F E Author
Golhisar Lake 693 72.76 0.1723 -0.44 6 1.84 1.360.351.010.74 Alp and Balik. 2000
Karamik Lake 108 130 0.0754 -0.24 10 2.02 0.400.16 0.24 0.6 Balik et al., 2006
Almus Dam Lake 308 46.39 0.153 -192 7 1.33 0.640.320.32 0.5 Karatas et al., 2007
Turkey Lake Isikli 152 108.4 0.101 -0.22 14 192 - - - - Yagci et al., 2008
Damsa Dam Lake 160 88.45 0.168 0.583 8 158 - - - - Mert and Bulut. 2014
180 49.06 025 -144 6 199 - - - - Saylar and Benzer. 2014
Mogan Lake
168 4960 024 -1.74 6 199 - - - -
South Africa Lake Gariep 566 62.58 0.16 0.39 7 - 0.82 0.6 0.120.14 Winker etal., 2011
) Thirumoorthy .
India ) 1370 58.6 0.958 -0.95 12 - 2120.701.410.66 Palaniswamy et al., 2011
Reservoir
Kenya Naivasha lake - 60.8 0.14 - - 081 0.65  Njiru et al., 2008
Ethiopia Koka Lake 6139 741 0.28 -0.46 - - 0.830.550.280.33 Tesfaye and Wolff. 2015
Iran S.Caspian Sea 328 720 0.18 10 - 0.710.29 0.42 0.59 Fatemi et al., 2009
Croatia Vransko Lake 70 8197 0.122 -0.81 11 162 - - - - Treer et al., 2003
1018
Pakistan .
Mangla reservoir 2 8033 060 -0.39 - - 1.220.890.330.27 Mirzaetal., 2012
Romania Braila Island 367 84.7 0.161 -0.81 - - - - - - Gheorghe et al., 2011
Whangamarino
New Zealand R 566 67.5 0.21 0.15 12 - - - - - Tempero et al., 2006
iver
_ Merdjet Sidi Abed
Algeria 220 36.75 046 -0.33 2 1.4 1.080.820.260.24 Present study

Dam
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In Merdjet sidi abed C. carpio population
seems to be under exploited and the actual
fishing effort estimated should be increased in
response to a growing ichthyophagous
population. Also, other appropriate fishing
techniques or gears should be employed to
capture this Cyprinidae without endangering
the actual population or harm this stable
ecosystem.
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ABSTRACT

The present paper reports a new record of Giant devil ray Mobula mobular (Bonnaterre, 1788)
from western Algerian waters that is encountered for the first time in that coast since its first
description in 1901 and last observation in late 80’s. This elasmobranch is categorized as
endangered on the IUCN Red List (Endangered A2d ver 3.1) and is likely to be the rarest of the nine
species of Mobula genus. Occasionally it is captured in Mediterranean Sea by purse seines,
bottom and pelagic trawls, pelagic nets, bottom longlines, drifters and harpoons. The specimen
stranded in “la Madrague Beach” in Western Algerian coasts. Its disc length was measuring
108.96 cm and disc width was 226.02 cm. This Myliobatidae is rarely seen with daily landed fish at
Oran fishery. Up to date no explicit reason can be given for the strand of M. mobular but ghost
fishing and important maritime traffic stay the most plausible cause of this incident.

Keywords: Myliobatidae; Morphometric measurements; Western Mediterranean; Oran Bay;

Algeria
INTRODUCTION

Mobula mobular is a semi-pelagic or pelagic over
the continental shelf; gregarious; met often near the
surface, swimming in vertical undulations from its
broad pectoral fins, occasionally jumping out of the
water, but also floating motionless; can also rest on
the bottom (Fischer et al.,1987). Satellite tag data for
three M. mobular individuals in the Messina Strait,
central Mediterranean Sea, have shown that they
spent >80% of their time within the upper 50 m of the
water column and dived to 700 m depth (Canese et
al., 2011). Mobula mobular is aplacental viviparous
(one or two embryos). Feeds on small planktonic fish
and crustaceans filtered through its gill plates
(Abudaya et al., 2017).

Also, this species is categorized as endangered
on the IUCN Red List (Endangered A2d ver 3.1) and
is likely to be the rarest of the nine species of Mobula
genus (Notarbartolo di Sciara et al., 2015).
Occasionally it is captured in Mediterranean Sea by
purse seines, bottom and pelagic trawls, pelagic nets,
bottom longlines, drifters and harpoons (FAO, 2009).

Algeria, Greece, Italy, Spain, Tunisia, Turkey and
Ukraine are together responsible for slightly more than
80 % of total landings in the Mediterranean and the
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Black Sea. Between the year 2000 and 2013: 115 400
t were landed in Algerian fisheries occupying the third
place after Italy 249 500t and Turkey 459 400 t (FAO,
2016). The ranking of capture fisheries production in
2014 and 2016 total catches continued to be
dominated by Turkey: 321 800 t (26 % of total
landings), followed by Italy: 185 300t (16%), Algeria:
96 300t (8%) and Greece: 65 700 t (5%) (FAO, 2018).

In the western Mediterranean, landings by weight
are dominated by Algeria (37 %), Spain (29 %) and
Italy (19 %), which account for 85 percent of all
landings in the sub region, followed by Morocco (10
%) and France (5 %). approximately 30 % of total
revenue in the region. Turkey, Egypt, Spain, Tunisia,
Greece and Algeria, in addition to Italy, remain the
countries producing the highest revenue from fisheries
in the GFCM (General Fisheries Commission for the
Mediterranean) area of application (FAO, 2018).

Incidental catches of vulnerable species as M.
mobular taken as by-catch in many fisheries can be
highly correlated to a recent report of the FAO
concerning the state of Mediterranean and Black Sea
Fisheries (FAO, 2016) stating that in those areas, a
discard value corresponding to 20-35 % of total catch
has been calculated (Sartor et al., 2003; EU, 2011;
Piroddi etal., 2014 in FAO, 2016). The trawling discard
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rate for the French Mediterranean was estimated
between 27 and 40 % (Ifremer, 2010; Bultel et al.,
2015 in FAO, 2016). In Morocco, trawler fisheries
(mainly catching cephalopods and/or shrimp) are
associated with higher rates of discards: between 12
and 46 % (Kelleher, 2005; Belhabib et al., 2013 in
FAO, 2016). In Algeria, high values of discards of up
to 50 %, mainly related to the shrimp fishery, have
also been recorded (Bouaicha, 2011; Belhabib et al.,
2013in FAQ, 2016) and for pelagic trawl landing values
accounted for around 20% in 2010 (MPRH, 2011). In
the Turkish and Bulgaria Black Sea, discard rates for
pelagic trawls are estimated to be around 5.1 % of
total catch (Kelleher, 2005; Keskin et al., 2015 in
FAO, 2016).

Despite the increasing catches worldwide,
dramatic declines in mobulid catches have been
documented in some areas, suggesting serial
depletions through over-fishing. Mobulids are caught
as by-catch in purse-seine and trawl fisheries as well
as netting programs (e.g. Philippines: Alava et al.,
2002 in Couturier et al., 2012). As a result,
harmonized methodologies for data collection on
discards (FAO, 2018d in FAQ, 2018) and incidental
catches of vulnerable species (FAO, 2018e in FAO,
2018) were produced to support the implementation
of the bycatch monitoring program, which was first
launched in seven countries (Algeria, Lebanon,
Montenegro, Morocco, Tunisia, Turkey and Ukraine)
and included training of onboard observers and, as
appropriate, the development of awareness material
(FAO, 2018).

Although early historical accounts painted devil
and manta rays as ‘diabolical creatures’ and ‘ferocious
brutes’, accusing them of stealing boats and
deliberately killing divers (Gill, 1908; Saenz-Arroyo
et al., 2006), it is now known that these rays are
harmless to humans and feed mainly on zooplankton.
Fisheries for mobulids are considered to be
unsustainable because of large, directed catches
coupled with the low fecundity and conservative life
history of this group. Estimates of the world global
catch of mobulids have increased from 900 t in 2000
to >3300tin 2007 (FAO, 2009; Lack & Sant, 2009 in
Couturier et al., 2012).

Although mobulids have been recorded for over 400
years, critical knowledge gaps still compromise the
ability to assess the status of these species. There
has been a marked increase in the number of published
studies on mobulids since 1990, particularly for the
genus Manta, although the genus Mobula remains
poorly understood (Couturier et al., 2012). Literature
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reports works on this Myliobatidae in Mediterranean:
Notarbartolo-di-Sciara, 1987; Bustamante et al., 2016
on systematics; Bradai & Capapé, 2001; Celona,
2004; Correia et al., 2008; Scacco et al., 2009; Bello
etal., 2012; Holcer et al., 2012; Yaglioglu et al., 2013;
Fortuna et al., 2014; Ba®usta & Ozbek, 2017; Abudaya
et al., 2017 on occurrence and fisheries, Canese et
al., 2011; Couturier et al., 2012; 2013; Notarbartolo di
Sciara et al., 2015; Duffy & Tindale, 2018; Sakalli,
2017 on ecobiology and behaviour of M. mobular. For
Algerian waters works are limited to old descriptions
of Pellegrin, 1901; Dieuzeide et al., 1953 also
McEachran & Capape.1984; Fisher et al., 1987 and
works of Hemida et al., 2002 on Mobula mobular and
Hemida et al., 2016 on Mobula japanica in central
Algerian waters so our observation is reporting the
presence of this Myliobatidae in that part of the
Mediterranean not observed for more than 30 years.

MATERIALS AND METHODS

On 5" September 2017 a specimen of M. mobular
(Bonnaterre, 1788) stranded at “la Madrague” beach
35946'2.54"N, 0°48'48.96"0 (Figure. 1) in the western
Algerian coast (Oran Bay). FAO identification sheet
(Bauchot, 1987) was used to identify M. mobular. All
measurements were made in situ to the nearest
millimeter (Table 1). Unfortunately, the specimen was
in advanced state of deterioration and the tail was
missing, some measures were not taken as well as
color of the back, so total length was measured from
cephalic fins to the end of the tail spine and all
measurements made on M. mobular specimen were
reported as percentages of total length.

RESULT AND DISCUSSION
Result

M. mobular is a mobulid rarely encountered in its
natural environment (Oran Bay) as in local fisheries,
it is generally taken as a bycatch in trawl fisheries
and the only specimen took as object of our study is
suspected to be a victim of ghost fishing, a
devastating practice quite common in the area
(pers.obs). Stranded M. mobular (Figure 2) was
characterized by a diamond-shaped disc, nearly twice
as wide as long, its anterior edges almost rectilinear,
its lateral angles very acute and its posterior edges
clearly concave. Head wide, its front part distinct from
the disc. Tail containing a long spine with prickles.
Anterior part of the pectoral fins forming two long
cephalic fins. Eyes and spiracles in lateral position;
mouth on the ventral side of the head, devoid of fleshy
taste buds; over the entire length of the jaws (Fischer
etal.,1987) (Figure 2).
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Occidental Mediterranean Sea

Madrague

Palomalsland

1 -’ Cape Falcon

- P_'.:.u_ne dé
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Figure 1. Stranding zone of Mobula mobular (“La Madrague” Beach).

Source:  Google earth 2019°

Figure 2. The specimen Mobula mobular stranded at “la Madrague” Beach (05/09/2017).

Measurements were made on biometric
characteristics of M. mobular stranded on “la
Madrague beach”, and description are resumed in
table 1. It appears that measurements reported as
percentage of total length (TL) were as follows: Disc
Length (82.56%), Disc width (171.27%), Tail spine
length (136.42%), Eye diameter (4.73%), Mouth width

(5.24%), Clasper (10.71%), Pre-oral length (7.56%),
Pre-orbital length (19.28%), Pectoral fin (convex
length) (132.14%), Pectoral fin (concave length)
(78.44%), Cephalic fin length (16.51%), Cephalic fin
width (5.36%), Distance between cephalic fins
(16.50%), Cranial width (21.86%), Preoral length
(8.42%).
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Tablel. Morphometric measurements of Mobula mobular specimen
Morphometrical characteristic Measurement (mm) %TL
Total length* 131.97* 100.00
Disc Length 108.96 82.56
Disc width 226.02 171.27
Tail spine length 180.03 136.42
Eye diameter 6.24 4.73
Mouth width 6.92 5.24
Clasper 14.14 10.71
Pre-oral length 9.98 7.56
Pre-orbital length 25.45 19.28
Pectoral fin (convex length) 174.38 132.14
Pectoral fin (concave length) 103.52 78.44
Cephalic fin length 21.79 16.51
Cephalic fin width 7.07 5.36
Distance between cephalic fins 21.78 16.50
Cranial width 28.85 21.86
Preoral length 11.11 8.42

*Total length measured from the cephalic fins to the end of the tail spine

Discussion

The length of Algerian coastline is about 1622 km
(PAP RAC/PAM, 2015-Ministry of the Environment)
and as stated previously, M. mobular haven’'t been
encountered in Western Algerian coast (Oran Bay)
for more than 30 years since Pellegrin, 1901; Dieuzeide
et al.,1953 also McEachran & Capape.1984; and
Fisher et al.,1987 descriptions. There were only
observations and works of Hemida et al., 2002 in

Table 2.

Central and Eastern Algerian waters but no information
exists on its occurrence in the Western Algerian
waters. Population trends and behavior of this mobulid
are difficult to obtain given that the majority of studies
available in the literature were mainly based on visual
observations (Holcer et al., 2012; Fortuna et al., 2014)
of population of that giant aquatic animals or limited
to only 1 or two specimens as is the case of our
study (table 2).

Main studies exhibiting the number of Mobula mobular specimens observed and/or caught and/or

described and their respective length given by several authors.

Reference Observed Caught Described Length (m) Area
Capapé et al, 1990 - - 1 22 France, Aigues-Morte Gulf
Duffy & Tindale,2018 - - 5 1828 Northern New Zealand
Fortuna et al., 2014 3255 - 3 =3 Otranto strait
Celona, 2004 50 45 5 - Messina Strait
Canese et al., 2011 - - 3 2.5-3 Ital
Holcer et al., 2012 (3 years) - - 20 1.3-3 y Adriatic Sea
Scacco et al., 2009 - - 1 3
Storai et al., 2011 (1990-2009) 15 - 3-12 1.8-35 Tyrrhenian Sea
Jardas, 1996 - - 1 South Adriatic
Marano et al, 1988 - - 2
Dulgi¢ & Lipej, 2002 - - 2 35.5 Cres Island, North Adriatic
Yaglioglu et al., 2013 - - 1 1.40 Mediterranean
Turkey
Basusta and Ozbek,2017 - 30 2 2.70-2.72 Gulf of Antalya
Bradai & Capapé., 2001 - - 2 2.09 and 2.9 Guif of Gabes
Tunisia .
Capapé & Zerouali, 1976 - - 1 3 Gulf of Tunis
14 East Central and Eastern
Hemida et al., 2002 (1999-2001) - 7 Center 21 1.30-3.34 Algerian coasts
0 West
Present study - - 1 2.26 Western Algerian coasts
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According to UNEP/CMS, 2014, Notarbartolo di
Sciara et al., 2015, Arnoud, 2018, giant devil ray
(Mobula mobular) is the largest species of the genus
Mobula and has a very low reproductive capacity. Its
geographic range is limited to the Mediterranean Sea
and possibly adjoining North Atlantic waters. This
species is taken as bycatch in many different fisheries
(most notably in pelagic driftnets) in several locations
within its range. There are no overall regional
population estimates for this species. A report of the
first stranding of this mobulid species in Oran Bay
can help us to trace a precise trajectory of this
migratory species beginning in Alboran Sea and fill
gaps concerning its population ecobiology.

Generally, it occurs in low densities (with group
sizes of one to four individuals) throughout its range,
although a recent episode in which these rays were
mass captured off Gaza indicates that the species
may occasionally occur in large aggregations. This
species occurs both in neritic (Notarbartolo di Sciara
& Serena 1988, Bradai & Capapé 2001, Scacco et
al., 2009, Holcer et al., 2012 in Notarbartolo di Sciara
et al., 2015) and offshore (Canese et al., 2011 in
Notarbartolo di Sciara et al., 2015) waters ranging in
depth from a few tens of meters to several thousand
meters.

The main threat to the Mediterranean giant devil
ray is fishing, although the species is rarely targeted
and is usually caught accidentally. Unfortunately, this
elasmobranch is sometimes targeted as was the case
in Gaza strip on 26" February 2013 where nearly 500
individuals were captured by purse seine vessels
before being consumed or devoid of their precious fins
(Couturier et al., 2013). In reality, according to the
NGO IFAW (International Fund for Animal Welfare)
(Elsayed, 2016), gills are also used in traditional
Chinese medicine to treat ailments such as asthma,
rashes, chicken pox or even cancer. Where
approximately, a single ray can give up to 3.5
kilograms of dried gills, which can be sold up to 502
€ per kilo in China. Water pollution mainly
hydrocarbons, solid wastes as plastic can contribute
a lot to harm these creatures may be swallowing
hundreds of plastic particles a day. Debris has been
recognized as a global environmental problem
including within deep habitats and recent studies
showed that microplastic pollution can impact filter-
feeding marine megafauna, namely mobulid rays,
filter-feeding sharks, and baleen whales
(Anastasopoulou et al., 2013; Germanov et al., 2018)

Related to conservation strategy Lawson et al.,
(2017) resumed the international, national, and
territorial protections currently in place for devil and

manta rays. The mostimportant of them are:

International protections that restricts fishing and/
or trade of multiple species of the genus (Mobula spp.).
- CMS Appendix | & Il (2014) conservation of

migratory species of wild animals,

- European Union (2015) The fishing opportunities
for certain fish stocks and groups of fish stocks,

- IATTC (2015) Resolution on the conservation of
mobulid rays,

- CITES (2016) Inclusion of the genus Mobula spp.
in appendix Il of the Convention on International

Trade in Endangered Species

M. mobular is also listed in:

- Annex Il to the Barcelona Convention SPA/BD
Protocol, Barcelona Convention SPA/Bio Protocol
Annex Il (1976). (Algeria, Ratification: 16.02.81/
AC Acceptance of Amendments: 09.06-04)

- Bern Convention Appendix Il (1979)

Furthermore, Basusta & Ozbek, 2017 reported that
the parties to the Barcelona Convention agreed that
this species cannot be retained on board, trans-
shipped, landed, transferred, stored, sold, displayed
or offered for sale, and must be released unharmed
and alive, to the extent possible, pursuant to
Recommendation GFCM/36/2012/3 (FAO, 2012) M.
mobular is also protected by National and territorial
initiatives (BaCusta & Ozbek, 2017; Lawson et al.,
2017):

- EU(72/2016/EUV),

- Australia (2015),

- Maldives (2014),

- Brazil (2013),

- Croatian (Law of the Wild Taxa 2006),

- Maltese (Sch. VI),

- Israeli (since 2005),

- Greek (PD 67/1981),

- Turkish (Environmental Law No. 2 872) legislation,
- Guam, USATerritory (2011),

- RajaAmpat, Indonesia Regency (2012),

Added to this since 90’s European legislation
authorized driftnet no longer to 2.5 km to limit capture
of marine mammals, turtles and migratory species.
Many attempts were tried to banish completely the
use of driftnets [amending Regulations (EC) No 894/
97, (EC) No 812/2004 and (EC) No 2187/2005 as
concerns drift nets in Council Regulation (EC) No 809/
2007 and (Davies & Laura, 2015). To our vision, it
seems insufficient to protect such epipelagic marine
organisms that are encountered from tens to hundreds
of meters. According to local fisherman (seiner owner)
witnesses, it is very rare to meet or capture M.
mobular in Oran Bay, since 2015 this elasmobranch
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was met only two times in different places, 1% at
“Pointe de I'aiguille “and the 2™ at Cape Falcon where
they were swimming slowly very close to the surface
confirming that the species frequents the western
Algerian coasts and probably a small population
exists.

CONCLUSION

Water pollution (mainly hydrocarbons, solid waste
as plastic) and important maritime traffic can
contribute a lot to harm these inoffensive animals that
haven't been observed for more than 30 years in that
part of the Mediterranean, but up to date no explicit
reason can be given for the real strand of Mobula
mobular in “la Madrague” beach but ghost fishing and
important maritime traffic (commercial, tourism) stay
the most plausible cause of this incident. Research
on M. mobular is very scarce and more studies should
focus on its occurrence by visual observation and/or
GPS tagging, ecobiology, distribution, reproduction
and nursery areas should be identified and fishing
should strictly been prohibited along Algerian coasts
and in the Mediterranean Sea.
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Abstract. The Mediterranean flora and fauna are changing. The warming of marine
waters leads to changes and modifications in the distribution of species within the
Mediterranean. Due to disturbance, more and more species of the tropical Atlantic
migrate to the north and some enter the Mediterranean through Gibraltar strait. The
objective is to provide a first black list of invasive flora in the marine environment at the
regional and national levels by in situ observations made by diving focusing on the
presence of the different Exotic Flora of Oran coastline (EFO) these last twenty years.
We report a total of 6 species (Macrophyta with 3 Chlorophyceae and 3 Rhodophyceae).
Some species are appearing on the Westside of Oran coastline, via the Strait of Gibraltar
(for species coming from the Atlantic) and others mark their origin on the East side of the
coast, via the Suez Canal (for species coming from the Red Sea) like sea grapes Caulerpa
racemosa var cylindracea. This black list of non-native flora, which has invaded Oran
coasts in recent years, must be completed by work on the 14 coastal wilayas (district) in
order to draw up a national blacklist and this for contributing to a national and
Mediterranean strategy for monitoring and managing non-native species that threaten the
marine coastal environment, resources and users.

Key words: Flora, Exotic, Non-native, Alien species, Oran, Western Mediterranean.

INTRODUCTION

In Algeria, the study of biological invasions remains fragmentary, generally characterized by
reports of a species in a given region. This study is aiming to provide a black list of non-native
flora which in recent years has invaded the Oran coast pushing scientists and sea users to be
involved in the elaboration of a blacklist of invasive species.

Some non-native species may under certain conditions become invasive. Indeed, they find all
the conditions to develop in their new environment without any limiting factor opposing to their
proliferation. Managers are often disarmed face of these complex phenomena that are difficult
to stop (Verlaque et al., 2003).

The objective is to provide a black list of invasive species in the marine environment at the
regional and national levels, relying on photo-identification for identification and vulgarization
of species to sea users and also monitoring and management of this threat in Oran coastline.
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Their census and signaling to the specialists’ networks thus the follow-up of their development
are very useful to improve the knowledge of the mechanisms implicated. Raising sea user
awareness and inquiring with specialized networks about the emergence of new species near
MPA’s should be an important reflex (Unep-Map RAC/SPA, 2005 ; Refes, 2012).

Non-native species (species of fauna or flora found outside their known range) are species for
which the Mediterranean Sea is not part of their original range. About 925 non-native species
have been counted so far in the Mediterranean represented by 13 phyla. Mollusks are the most
important phylum (216 species), followed by fish (127 species), plants (124 species) and
crustaceans (106 species) (Streftaris and Zenetos, 2006; Unep-Map RAC/SPA, 2017; Worms
editorial board, 2017).

MATERIAL AND METHODS

Study area

The Oranian coastline is located along the southern shore of the Mediterranean basin (Fig.1);
also called Alboran Sea is located in North-West of Algeria at 432 km from the capital Algiers.
It is made up of 70% of rocky coasts and 30% of sandy coasts; the West sector is characterized
by rocky character beaches: Ain Tirk, Cape Falcon, la Madrague, les Andalouses, Madagh in
the form of steep cliffs sometimes delimited by caps with an island complex (Plane and Habibas
Islands) that are clearly visible in this region. In the East, the Macta (Arzew Gulf) is limited to
the West by Cape Carbon (35° 45'NW 20" W) and to the East by the Cape Ivi (36° 37'N -0
13'W) where we can find a long arched sandy beach that ends with the large terminal (harbor)
of Bethioua for liquefied natural gas. From this last point the rocky character spreads to the
North until the islets of Arzew and extends to the West to Cape Carbon (Hussein, 2015). The
continental shelf is very small with a steep slope that is interrupted by numerous rocky bottoms
deep and not well suited for trawling activity (Hussein, 2015).

N Western Mediterranean Sea
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Fig.1. Overview of the coastal and marine environment of Oran coastline and positioning of
the sampling stations: 1-Port Au Poules (PP);2-Arzew (AZ) ;3-Cap Carbon (CC) ;4-KTristel
(KL) ;5-Oran harbor-Monte cristo (PO) ; 6-Ain Turck (AT); 7-Cape Falcon (CF); 8-Pain
Sucre-la Madrague (PS);9- Plane island (IP);10-Madagh (MG) et (IH): 11-lles Habibas.

Hydrodynamism factors

According to Hydrothermal structures of Western Mediterranean waters and especially Oran
coast it appears clear that the cooling of the Atlantic waters at the level of Gibraltar can be
incriminated to the brewing of water masses due to the tightening of the Spanish and Algerian
coasts and to the bathymetry which ascents in the Strait. The entry of the Atlantic water flow
through the Strait results in the formation of cold water reefs along the Spanish coasts that mix
with the Atlantic waters (Millot et al., 2017). This phenomenon is particularly visible in figure
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2a (MSG images acquired over the Mediterranean between June and September 2005), the cold
waters flowing from the coast of Spain, coming from the Atlantic are deviated to the south-east
by the Cape of Gata in the south of Spain to form a beautiful reversed mushroom structure from
their encounter with the Moroccan coasts (Taupier-letage, 2008).

00 300 300 400 S00Nm / Y. b o
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37°30’ / /')D:»D/’—\
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Circulation de surface

—  principale
o secondaire

—_— instabilités de moyenne échelle (tourbillons et méandres)

27°30"
B tourbillons induits par le vent

a
Fig. 2. Circulation of surface waters and thermodynamics of the Oran coast, North West
Algeria, Western Mediterranean (Millot et al., 2017) (adapted).

At the level of Oran, the current of Oran front reflects waters to the west form a second
anticyclonic vortex, the eastern Alboran gyre (Hussein, 2015; Hussein and Bouras, 2014) (Fig
2b). In general, these water masses circulations facilitate the biological invasions on Western
Algerian waters. These geo-hydro-bathymetric factors in the region considerably accelerate the
distribution of non-native species of Atlantic origin in Oran coastline (Hussein and Bensahla
Talet, 2019a; Hussein and Bensahla Talet, 2019b).

METHODOLOGY

Oran coastline length is about 124 km which represents 1/10 of Algerian coast. Ten (10) stations
were chosen for their ease of access and their environmental characteristics were explored in
scuba diving (Fig.1), the work was based on photo-identification (Fig.3) for the invasive species
encountered (non-destructive method), between the surface (biological zero) and 30 m of
isobaths (photic zone). Since 2004, monitoring was performed and the species identification
was done in situ and sometimes from the analysis of video sequences taken during the dives. In
total, the study required more than fifty exploratory dives some of which were deep (35m: Plane
island, Ain Turk, Cap Carbon) and others were made by snorkeling. The investigation was
supported by underwater images (videos and photographs of non-native species) by the transect
method according to the protocols of photo-identification Rebent Med, as well as the abiotic
parameters (Kantin et al., 2006). The method followed consists in describing the type of
substrate and the underwater landscape at the same time, as well as the date and time, usual
name of the diving site, location, visibility, water temperature, depth, substrate type and any
type of information that may be relevant to the observations (Harmelin-Vivien et al ., 1985).
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Fig.3. Observation (photography and underwater video) in situ.

The identification and classification of species were done according to FAO species
identification sheets, as well as other scientific documents in the field (Boudouresque, 2005;
Pergent et al., 2007; Barcelona Convention, 1976). Digital photographs were also taken to
facilitate species identification. For species of conservation interest, Annex Il and I1I of the
Barcelona Protocol on Specially Protected Areas and Biological Diversity of the Barcelona
Convention have been used (Barcelona Convention, 1976). The observations noted in situ and
also from underwater photographs analyzed could constitute a basic data to establish a first
blacklist of non-native species reported in Oran coast.

RESULTS AND DISCUSSION

Synthesis of in situ surveys and the observations realized allowed us to draw up a list of the
different invasive species (EFO) present in Oran coastline. We have inventoried 4 flora species,
inventory realized on non-trawable hard and soft substrates at a depth between 0 and 30m.
Adding 2 species reported from the bibliography on Oran coast we obtain a blacklist of 6
Macrophytes species cryptogenic or installed (Table 1).

Non-native flora of the Oran coast

The invasive flora frequented Oran coast for a long time that fauna, the totality of the observed
floristic species belong to the macroalgae, among which 3 species of Chlorophyceae (Coduim
fragile, Ulva lactuca and Caulerpa racemose var cylinder acea) and 3  species  of
Rhodophyceae (Asparagopsis armata, Asparagopsis taxiformis and Chondria coerulescens).
All the species encountered are old and their reporting exceeds 20 years of survival. They have
adapted perfectly with their new environment, integrating with the different native benthic
communities. Their geobathymetric distribution spreads all along the Oran coast, only the
caulerpe or sea grape, seems recently introduced (Hussein and Bensahla Talet, 2019a; Hussein
and Bensahla Talet, 2019b) and its introduction appears to come from the East coast of Algeria.
This presence remains modest for the moment in the form of one or two turfs of 50cm maximum
in very limited places. This real and direct threat to the marine coastal ecosystem will, in the
very near future, harm this environment already weakened by anthropic actions, which requires
priority follow-up with urgent measures to completely eradicate this alga on our coastlines.

Non-native flora species description

Codium fragile (Suringar) (Hariot , 1889). Dead man's fingers or Oyster thief is considered
highly invasive. This species native to the Pacific (Japan) was introduced in the Mediterranean
in 1940. It frequented the coast of Oran and Algerian between 1985 and 1987 (Verlaque, 1994).
This photophilic species is found in the upper infralittoral zone from the surface up to 13 m
deep, it is found all along the Oran coast on hard substrate (Hussein, 2015). The species was
photographed in 2016 at “Plane Island” (Fig.4) at 35° 46.281'N and 0° 54.11'W.

Caulerpa racemosa var cylindracea (Forsskal J.Agardh, 1873). Caulerpa racemosa var
cylindracea is a lessepsian species that by a "step by step™ spread in different ports would have
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migrated from Australia to the Red Sea and then the Mediterranean in 1990 via the Suez Canal.
Called also sea grapes frequented the Algerian coast from the East then the center (Ould-Ahmed
and Meinesz, 2007), and then invaded Oran coast where it was first reported in 2012 at Cape
Carbon at 0.2m (East coast of Oran) (Hussein and Bensahla Talet, 2019a; Hussein and Bensahla
Talet, 2019b). Figure 4 was photographed in 2014 at Cape Falcon at 35° 46 '16.47 N and 0° 47
33.68 W (West coast of Oran).

Asparagopsis armata (Harvey 1855). The harpoon alga is native to New Zealand and
Australia; shortly before the discovery of gametophytes in 1925 (Sauvageau, 1925a;
Sauvageau, 1925b). Almost simultaneously, the latter appeared in Algeria in 1923 (Sauvageau,
1925b), then in the Eastern Pyrenees, in Banyuls, in 1926 (Hamel, 1926). This species inhabits
the infralittoral stage on hard substrate and often very epiphyteal. Generally, it has been found
in the majority of the studied stations to a maximum depth of 27 m in Oran coastline, it was
photographed in the same place with Asparagopsis taxiformis at “pain sucre” (la madrague) in
2015 at 350 37 '952 N "and 000 104' 243 " W (Hussein, 2015) (Fig. 5).

Asparagopsis taxiformis (Delile) (Trevisan de Saint-Léon, 1845). According to Verlaque
(1994) (Oceanology Center of Marseille-DIMAR), the species is present in Habibas Islands and
is an introduced form coming from Australia and not the Atlantean-Mediterranean form. But it
appears to be well integrated in the subtidal coral community up to the upper coralligenous
level and is a major feature of the landscape (Dixon, 1964; Grimes, 2000). It also coexists in
some places with Asparagopsis armata, but this one is more abundant (Hussein, 2015) (Fig.6).

Fig.4.Coduim fragile (2016).

Fig.6. Asparagopsis armata (lower left) and Asparé{gépsis taxiformis (upper and lower right)
(2015).

™

Black list of invasive species of Oran coast (EFO)
Six exotic species, listed in the black list of invasive, cryptogenic species of flora have
established themselves on the Oran coast (Table 1).
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Table 1.Black list of Alien marine species introduced in Oran coastline based on in situ data
and bibliography of signalization with geographic coordinates, origin, locality, year and author
of first sighting.
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(Abbreviations: YFRA: Year of first record in Algeria, Org:origine; IP: Indo Pacific; P:
Pacific; I: Indian Ocean; RS: Red Sea; At: Atlantic; Tr: Tropical; Circ: Circumtropical; Est:
Established; Ques: Questionable; Cas: Casual; Inv: Invasive; E: East; W: West; N: North; S:
South ; NIA: Non identified Area; * : First signaling).

They have been reported along the coast of Oran during the last twenty years, this is due to
several natural and anthropogenic factors, as well as the geographical location and underwater
topography of the region, favoring a great hydrodynamism, facilitating the propagation and the
installation of several non-native species.
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Origins and pathways of EFO of Oran

In figure 7 each invasive plant is represented with its probable region of origin. In fact, compiled
a list of the likely vectors of introduction of flora and fauna from which we have been inspired
(Zibrowius, 1991):

- Maritime traffic and "offshore" activities, either on the hulls of ships, on towed structures
(fouling or fouling), or in water for ancient times, on sand and rocks used as ballast;

- The Suez Canal,

-Importation for breeding or cultivation purposes;

-Accidental transport during previous imports;

- The rejection of living organisms imported for other purposes (consumption, bait, packaging,
scientific research, aquariums). These anthropogenic vectors are responsible and contribute to
the biological pollution and the imbalance of the ecosystems as well as the depletion of their
renewable resources.

The lessepsian species recorded at Oran coasts seems to be less represented than those from
Atlantic origin (Herculean species), the origin of the exotic species on the black list of the region
differs according to the probable origin of the species. EFO seems strongly influenced by
Gibraltar strait active hydro dynamism. In fact, we can note four Atlantic alien species coming
from the Atlantic Ocean using straight currents as main access way against only two lessepsian
species coming from the Red Sea via Suez Canal (Fig.7).

%
v |

Fig.7. Pathway and origih of the invasive seies of Oran.

CONCLUSION

Six EFO or invasive plants species have been recorded during the last 15 years. The reports
have been based on bibliographic research, diving exploration and in situ research of non-
indigenous species between 0 and 30m depth, along the 124 km of the Oran coast. 3
Chlorophyceae and 3 Rhodophyceae were reported with 4 Atlantic alien species and 2
lessepsian species (red Sea). This EFO black list of non-native flora species, which have
invaded Oran coasts in recent years, must be completed by work on the 14 coastal wilayas
(province) in order to draw up a national blacklist or EFFO (Exotic Flora and Fauna of Oran)
black list, and this for contributing to a national and Mediterranean strategy for monitoring and
managing non-native species that threaten the marine coastal environment, resources and users.
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ABSTRACT

Reproduction characteristics of the Atlantic horse mackerel, Trachurus trachurus (Linnaeus, 1758), from Béni-
Saf Bay were investigated. A total of 355 specimens were sampled between November 2015 and October 2017,
comprising 47.04 % males, 44.79 % females and 8.17 % undetermined. The length of individuals ranged between
7.2 and 35.4 cm, and the weight from 5.28 to 312.7g. The length at first sexual maturity was evaluated at 15.6 cm
for males and 14.9 cm for females. Variations in gonado-somatic index (GSI) showed that gonads of both sexes
started to develop in late February and reached sexual maturity in May-June, which marks the spawning period of
the species. T. trachurus from Béni-Saf Bay uses nutritional reserves mainly accumulated in spring to develop their
sexual products for spawning in early summer.

Key words: Atlantic horse mackerel, Trachurus trachurus, reproduction, Béni-Saf Bay, Algeria

PERIODO DI RIPRODUZIONE, DIMENSIONE ALLA PRIMA MATURITA SESSUALE E
RAPPORTO TRA SESSI NEL SUGARELLO TRACHURUS TRACHURUS NELLA BAIA DI
BENI-SAF (COSTA OCCIDENTALE ALGERINA, MEDITERRANEO SUD-OCCIDENTALE)

SINTESI

Gli autori hanno studiato le caratteristiche della riproduzione del sugarello, Trachurus trachurus (Linnaeus,
1758), proveniente dalla baia di Béni-Saf. Un totale di 355 individui sono stati campionati tra novembre 2015 e
ottobre 2017, con il 47,04 % di maschi, il 44,79 % di femmine e I’8,17 % di indeterminati. La lunghezza degli
individui variava da 7,2 a 35,4 cm, e il peso da 5,28 a 312,7 g. La lunghezza alla prima maturita sessuale é stata
valutata a 15,6 cm per i maschi e 14,9 cm per le femmine. Le variazioni dell’indice gonado-somatico (GSl)
hanno mostrato che le gonadi di entrambi i sessi hanno iniziato a svilupparsi a fine febbraio e hanno raggiunto
la maturita sessuale a maggio-giugno, il che evidenzia il periodo di riproduzione della specie. I sugarelli della
baia di Béni-Saf utilizzano le riserve nutrizionali accumulate principalmente in primavera per sviluppare i loro
organi sessuali per la deposizione delle uova all’inizio dell’estate.

Parole chiave: sugarello, Trachurus trachurus, riproduzione, baia di Béni-Saf, Algeria
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INTRODUCTION

The Atlantic horse mackerel, Trachurus trachu-
rus (Linnaeus, 1758), is a gregarious species of the
Carangidae family. It can be found in circa-littoral
bottoms and even in the higher horizon of the bath-
yal zone (Athanassios & Konstantinos, 2015). This
species is common in shallow coastal waters off the
north-eastern Atlantic, from Iceland to the Islands of
Cape Verde. It is also found in the Mediterranean,
the sea of Marmara and more rarely in the Black
Sea (Polonsky, 1969; Arneri, 1983), in the Eastern
Channel and the North Sea. T. trachurus is a migra-
tory species; it lives and hunts in shoals. Usually, it
migrates towards the coasts in summer and returns
to offshore waters in winter; it can be found close
to the bottom where it can live between 50 and 400
m depth with a capacity to adapt to brackish water
(Santic et al., 2003). In the Mediterranean Basin T.
trachurus is very common (Fezzani et al., 2006), liv-
ing in open water and near sandy bottoms; it feeds
primarily on fish such as gobies, anchovy, sardine
and only on certain shellfish (Ameri, 1983; Kerstan,
1985).

The study of the reproductive activity through
the analysis of certain parameters such as variation
of some biological indexes can help us better char-
acterize the reproduction cycle by indicating the
spawning period and the strategy of these fish. Several
works have dealt with T. trachurus (Polonsky, 1969;
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Fig. 1: Map showing the exact location where the estimated
500-cm TL female shortfin mako shark was observed on 28
June 2018.

Sl. 1: Zemljevid obravnavanega obmodja z oznaceno loka-
liteto, kjer so avtorji 28. junija 2018 opazovali na 500 cm
dolzZine ocenjeno samico atlantskega maka.

Sedletskaya, 1971; Macer, 1974; Arneri, 1983; Ar-
ruda, 1984; Kerstan, 1985; Korichi,1988; Eaton,1989;
Hecht,1990; Ben Salem & Ktari, 1994; Abaunza et
al., 1995; Kerstan,1995; Karlou-Riga & Economidis,

1996, 1997; Viette et al.,1997; Fezzani et al., 2002;
Abaunza et al., 2003; Santic¢ et al., 2008; Tahari, 2011;
Aydin & Karadurmus, 2012; Carbonara et al.,2012;
Wahbi et al., 2015; Aydin & Erdogan, 2018; Gherram
etal., 2018; Azzouz et al., 2019; Ferreri et al., 2019).
The present paper focuses on the reproductive biol-
ogy of T. trachurus of Béni-Saf Bay, with an emphasis
on the reproduction period and the size at first sexual
maturity to complete gaps in the life cycle of this
carangid species and to better manage this resource
in this Mediterranean area.

MATERIAL AND METHODS

A total of 355 specimens of Trachurus trachurus
were collected from Béni-Saf fishery, fished by trawlers
operating between 30-130 m depth, from November
2015 to October 2016 (Fig. 1). For each individual, to-
tal length (TL) was measured to the nearest millimetre,
total weight (TW) and gonads weighed to the nearest
0.01 g. Fish lengths were classified in 1 cm group inter-
vals (Fig. 2), and sex was determined macroscopically
based on the morphology and the colour of the gonads
(Mahdi et al., 2018).

W % Males 0% Females @ % Unsexed

100%

I I I I
8 1T
50%
25% ‘ ‘
0% T

75 95 115 135 155 17.5 19.5 21.5 235 255 27.5 29.5 31.5 335 355
Total length (cm)

Frequency %

Fig. 2: Trachurus trachurus length frequency distribution of
males and females caught in Béni-Saf Bay.

Sl. 2: Porazdelitev dolZine pri samcih in samicah navadnih
snjurov, ujetih v zalivu Béni-Saf.

Sex ratio

Sex ratio is defined as being the proportion of the
male or female individuals compared to the total num-
ber of individuals. It also gives an idea regarding the
balance of the sexes within the population. The sex
ratio generally relates the rate of femininity or mascu-
linity of the population:

SR=F/M+ F)x 100
F= number of females,
M = number of males.
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Gonado-somatic index (GSI)

In order to understand the sexual cycle and
determine the spawning period the gonado-somatic
index (GSI) was calculated monthly for both females
and males, according to the equation below. The
description of the reproductive cycle of this species
and the determination of the spawning period were
figured by tracking the monthly variations of this
index.

GSlI = GW /TW x 100 (Ferreri et al., 2019)

GW: gonads weight in g,
TW: total weight in g.

Coefficient of condition

The coefficient of condition K is defined by the
relationship between the weight and the size of fish
according to the equation:

™wW

K=
T

x 1000 (Crim et al., 1990; Ferreri et al., 2019)

TW: total weight,
TL: total length.

Size at first sexual maturity

The size at first sexual maturity (Lm 50 %),
which corresponds to the length at which 50 % of
the individuals are mature, was calculated for our
specimens. When considered ripe, the gonads oc-
cupy, or almost so, the totality of the visceral cavity.
For males, the testes are milky white; for the females,
the ovaries are bulky and pink, with oocytes visible
through the ovary walls. For each size class (1 cm)
previously defined, we counted mature individu-
als on one hand and immature individuals on the
other. Consequently, we determined the relative
proportions of each group in relation to the total
size of each size class. We determined the values
corresponding to the sizes at first maturity from an
equation (1) whose curve is sigmoid:

- 1 ;
P = b (1) (Wahbi etal,, 2015) (1)
P: proportion of mature individuals,
TL: total length in cm,

The constants a and b are determined by the
method of least squares transforming the equation (1)
into linear type:

p

Ln ( p

)=b +al (2)
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RESULTS
Sex ratio

In total, 355 specimens of Trachurus trachurus were
collected, 167 males (47.04 %), 159 females (44.79
%) and 29 unsexed (8.17 %). The length frequency
distribution of the entire population is shown in (Fig.
2). Male length range was 12 to 33.5 cm; female
length range was 8.8 to 35.4 cm. Male weight varied
from 14.36 t0 292.83 g and female weight varied from
5.28t0312.78 g.

m Males O Females

100% -

75% A

50% A

Frequency (%)

25% -

0%

95 115 135 155 175 195 215 235 255 275 295 315 335 355
Total length (cm)

Fig. 3: Sex ratio of Trachurus trachurus by length size.
Sl. 3: Delez spolov pri primerkih navadnega Snjura glede na
telesno dolzino.

Of the 355 individuals sampled sex ratio was in
favour of males 1:0.95 and the %2 test did not reveal
any significant difference (p<0.05). In addition, the
variations of sex ratio according to the size (Fig. 3),
revealed by khi2 test significant differences in favour of
females for length classes between 9.5 to 11 cm of TL
(2=11 > %2, ,,s=3.84); beyond 16.5 cm of total length,
males have the advantage but without significance
(khi2). Beyond 34.5 cm of TL females are dominant.

mMales O Females

100% 1

75% A

50% -

Frequency (%)

25% A

0%
M J J
Months

Fig. 4: Monthly evolution of sex ratio of Trachurus trachurus.
Sl. 4: Delez spolov pri primerkih navadnega snjura po
mesecih.



ANNALES - Ser. hist. nat. - 30 - 2020 - 1

Khaled RAHMANI et al.: SPAWNING PERIOD, SIZE AT FIRST SEXUAL MATURITY AND SEX RATIO OF THE ATLANTIC HORSE MACKEREL TRACHURUSS ..., 43-52

Monthly variations of sex ratio (Fig. 4) reveal that
females dominate during the months of November,
October, December, January, March and July. Males
outnumbered females during April, May, December,
June and September, with numerical equality in August
and February.

this index varied between 0.47 and 5.69 for females
and between 0.37 and 4.98 for males. From February,
this index increases for both sexes to attain a maximum
in June, after which values begin to gradually decrease
until they reach their lowest value in October for males
and females.

| Males DOFemales

100% -

75% 4

50% -

Frequency (%)

25% o

0% -

Months

Females

Gonadosomatic index GSI %

N D J F M A M ] J A S O
Months

Fig. 4: Monthly evolution of sex ratio of Trachurus trachurus.
Sl. 4: Delez spolov pri primerkih navadnega snjura po
mesecih.

Evolution of sex ratio related to seasons (Fig. 5)
showed that females outnumbered males during the
autumn-winter period, while males outnumbered
females during the spring-summer period (32=5.54 >
%2, 4.05=3-84) corresponding to the spawning period of
T. trachurus in Béni-Saf Bay.

mMales @Females

100% +
75% A
50% A
25% A
0% - T T T

winter spring summer autumn
Season

Frequency (%)

Fig. 5: Evolution of sex ratio of Trachurus trachurus by
seasons.
Sl. 5: Delez spolov pri primerkih navadnega snjura po
sezonah.

Gonado-somatic index (GSI)
The monthly changes of the gonado-somatic index

(GSI) allowed the determination of the spawning period
during an annual cycle (Fig. 6); the monthly values of
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Fig. 6: Monthly evolution of gonado-somatic index for
males and females of Trachurus trachurus.

Sl. 6: Gonadosomatcni indeks pri samicah navadnega
snjura po mesecih.

Gonado-somatic index related to size classes

To investigate the role of small specimens and their
contribution to the renewal of the resource we linked GSI
to the total length of individuals (Fig. 7) and it was estab-
lished that GSI increased simultaneously with length.

For males, we recorded a maximum GSI at 5.94,
corresponding to a size 26.5 cm TL, and a minimum of
GSI with 12.5 cm TL. For females, the GSI maximum
value was recorded at 4.89 corresponding to a size of
22.5 cm TL, while the GSI minimum was recorded for
a size of 13.5 cm TL.

—— GSI Females

—-—- GSI Males

Now A o N
L L L L L \

Gonadosomatic index GSI %

[N
L

o

9.5 125 155 18.5 215 245 215 30.5 335
Total length (cm)

Fig. 7: Evolution of gonado-somatic index related to total
length of males and females of Trachurus trachurus.

Sl. 7: Gonadosomatcni indeks pri navadnem snjuru glede
na celotno dolZino samcev in samic.
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Condition factor K

Evolution of the condition factor coefficient K
seems to be closely related to the gonado-somatic
ratio GSI, but the two indices tended to be inversely
proportional. In fact, during the spawning period, the
condition factor of the specimens is recorded at its
lowest values (7.05) and in rest period the same factor
records its highest values (8.54). The maturation of the
sexual products and their emissions requires relatively
high energy expenditure, and as a consequence the fish
weight during spawning period is reduced (Figs. 8 and
9), corresponding to a reduction in condition factor of
~14 and 20 % for males and females, respectively.
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whereas 50% of males attained this proportion at 15.6
cm TL.

— +— Females —+— Males
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LMso%-15.6 cm

Maturity proportion (%)
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Total legth (cm)

— - —- K Males
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Fig. 8: Annual evolution of condition factor K of Trachurus
trachurus males and females.

Sl. 8: Letna dinamika kondicijskega faktorja K pri samcih in
samicah navadnega snjura.
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Condition factor K
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Fig. 9: Seasonal evolution of condition factor K of Trachurus
trachurus males and females.

Sl. 9: Sezonska dinamika kondicijskega faktorja K pri sam-
cih in samicah pri primerkih navadnega snjura.

Size at first sexual maturity
The proportion of mature individuals in each size

class (Fig. 10) showed that first maturity was attained
at 14.9 cm TL where 50 % of the females were mature,
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Fig. 10: Length at sexual maturity of males and females of
Trachurus trachurus.

Sl. 10: DolZina, pri kateri samci in samice navadnega $njura
doseZejo spolno zrelost.

DISCUSSION

The sex ratio is slightly in favour of the males. The
evolution of this index does not have phrenological
regularity and is close to 1 for the March-June period,
whereas females dominate in July. The Atlantic mack-
erel is a pelagic fish living in dense fish benches. It
is possible that certain fish populations are predomi-
nantly males or females. According to Carbonara et al.
(2012) and Wahbi et al. (2015) fluctuations of the sex
ratio are due to ethologic phenomena (stray species,
demographic segregations) responsible for the over-
dispersion and segregated distribution of the sexes.
The difficulty in interpreting the fluctuations of this
ratio is due to several factors, such as the behaviour of
the species, the spawning period and mortality, sam-
pling procedure, aggregation of the of the same sex
individuals, etc. The change in weight of the ovaries
and the testes during the cycle of maturation shows
that the gonads develop at stage I, increased at stage
Il then regress at stage 1V. The weight of the testes is
higher than that of the ovaries during this last phase;
this could indicate intense expulsion of the sexual
products of females.

The monthly evolution of GSI follows a similar
pattern for the two sexes, the spawning starting at
the beginning of February to continue until July.
The period of reproduction (Tab. 1) extends from
February to July with a peak in June, while in central
Algerian waters (Bousmail Bay), the reproduction is
during summer and at its maximum in July-August. In
ccertain areas (Spain, Portugal, France and Morocco)
T. trachurus has an early spawning period beginning
in spring with a maximum around March and all
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Tab. 1: The spawning period and length at first maturity obtained for Trachurus trachurus by various authors.
Tab. 1: Obdobje drstitve in dolZina, ko snjur Trachurus trachurus doseZe spolno zrelost po razlicnih avtorjih.

Authors Area Lm50% (cm) Spawning period
Polonsky, 1969 North Sea and English Channel 20-24* -
Sedletskaya, 1971 North Africa 16-23 -
Macer, 1974 North Sea and English Channel 20-24 March to August
Arneri, 1983 Adriatic 15-18 -
Western coast November to May
K 16-19M .
Arruda, 1984 Portuguese coast|  Matosinhos Bay 21-24F April to December
Southern coast Whole year
Kerstan, 1985 North -East Atlantic (British water) 24.2-24.6 -
Korichi, 1988 Algiers Bay (Bou-Ismail bay) 14.2 * -
Eaton, 1989 West of the British Isles March to July
Hecht, 1990 South-East coast of South Africa 32-33 June to November
North-west of Spain 209 M
Abaunza et al,, 1995 Galician and Cantabrian shelf 219F February to May
19.8 M
Southwest coast of Irland 25 F -
. 19.4 M
Kerstan,1 995 Northern biscary 24.6F -
. 19M
South of biscary 253 F -
Karlou-Riga & Economidis, 1996 Aegean Sea 22 -
Karlou-Riga & Economidis, 1997 Saronikos Gulf (Greece) - December to April
- . 15.6 M
Viette et al., 1997 Italy Gulf of Trieste 16 F May to August
Abaunza et al., 2003 Northwest Atlantic 16-25 February to August
Santi¢ et al., 2008 Eastern Adriatic Sea - December to May
Tahari, 2011 Oran Bay (Algeria) - October to March
Aydin & Karadurmus, 2012 Ordu Black Sea (Turkey) - May to August
GSA 10
17.8 M
189 F
GSA 18
Carbonara et al., 2012 Central-Western Mediterranean Sea 17.8 M
189 F
GSA 19
17.8 M
189 F
Aydin & Erdogan, 2018 Northern Aegean Sea between (Turkey) 13 F April to August
Gherram et al., 2018 Oran Bay (Algeria) 11?;;28[;‘ January to May
. . 14 M .
Azzouz et al., 2019 Gulf of Skikda (Algeria) 13.65 F December-April
. Central Mediterranean Sea: Strait of 16.1
Ferreri etal., 2019 Sicily: Tyrrhenian Sea 17.6 i
Present study Béni-Saf Bay 15'164 ;n; M February to July
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the authors attribute this to the temperature of the
medium. An increase in the temperatures beyond 11
°C conditions the development of the eggs (Villamor
et al., 1997, Wahbi et al., 2015). Our study shows
that Trachurus trachurus females reached their sexual
maturity at 14.9 cm, earlier than males, which attain
this maturity at 15.6 cm TL.

To indicate the importance of our results regarding
size at first sexual maturity (Lm 50%), the comparative
study sets out with different research groups (Tab. 1).
Firstly, it is clear that our (Lm 50%) value was much
higher than those reported by Aydin & Erdogan (2018,
Northern Aegean Sea near Turkey) and Azzouz et al.
(2019, Gulf of Skikda, Algeria). On the other hand, the
obtained (Lm 50%) value comported fairly well with
Viette et al. (1997, Italy, Gulf of Trieste), Arneri (1983,
Algeria; 1983, Adriatic), and Korichi (1988, Algiers

Bay). We found no significant differences compared
with research groups of Arruda (1984, Portuguese
coast), Abaunza et al. (2003, Northwest Atlantic) and
Ferreri et al. (2019, central Mediterranean Sea), etc.
(see Tab. 1).

T. trachurus from Béni-Saf Bay reaches sexual ma-
turity at an earlier size, and this suggests that the fish
has changed its sexuality strategy to ensure its sustain-
ability. The species changes the size of its first sexual
maturity and reproduces very early.
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POVZETEK

Avtorji so raziskovali razmnoZevalne posebnosti pri navadnem $njuru, Trachurus trachurus (Linnaeus, 1758),
iz zaliva Béni-Saf. V obdobju med novembrom 2015 in oktobrom 2017 so analizirali skupno 355 primerkov, od
katerih je bilo 47,04 % samcev, 44,79 % samic in 8,17 % nedolocenih primerkov. §njuri so merili med 7,2 in
35,4 cm v dolzZino in tehtali od 5,28 do 312,7 g. Spolno zreli samci so merili v dolZino 15,6 cm, spolno zrele
samice pa so dosegle 14,9 cm v dolZzino. Spremembe v gonadosomatskem indeksu (CSI) so pokazale, da se
gonade pri obeh spolih pri¢nejo razvijati konec februarja, spolno dozorijo pa v maju in juniju, kar opredeljuje
obdobje drstenja pri vrsti. Primerki T. trachurus iz zaliva Béni-Saf porabljajo prehranske rezerve, pridobljene
spomladi, za razvoj spolnih produktov za zgodnje poletni drst.

Klju¢ne besede: navadni $njur, Trachurus trachurus, razmnozevanje, Béni-Saf Bay, Alzirija
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ABSTRACT

The present paper reports the first record of the Atlantic pomfret Brama brama for western Algerian
waters in the Western Mediterranean Sea. It is a high migratory species, rarely met in Algerian
fisheries. One specimen of B. brama was caught by a seiner operating in Ghazaouet Bay on September
6" 2018, measuring 672.5 mm of standard length (SL), and weighting 4,740 grams (g), constituting
the new maximum length recorded for the species in the Mediterranean Sea. Accordingly, we
describe biometrical and meristic characteristics, literature, databases and fish collections review
of this bramid, firstly record for the Algerian waters.

Keywords: Algeria, bramid, morphometrics, new occurrence.

RESUMO

O presente artigo consiste no primeiro registro da da espécie palombeta Brama brama para a aguas do
mar Mediterraneo ocidental na Argélia. E uma espécie altamente migratoria, mas raramente encontrada
nas peixarias da Argélia. Um espécime de B. brama foi capturado por um pescador que operava na Baia
de Ghazaouet em setembro 2018, o exemplar obtido mediu 672,5 mm de comprimento padrdo e pesou
4.740 g, constituindo no novo comprimento maximo registrado para a espécie no mar Mediterraneo.
Desta forma, apresentamos as caracteristicas biométricas e meristicas, revisao de literatura, bancos
de dados e revisdo de colegdes do primeiro registro dessa espécie de bramidico em aguas argelinas.

Palavras-chave: Argélia, bramideo, morfometria, nova ocorréncia.

Brama brama (Bonnaterre, 1788) is a pelagic
neritic and oceandromous species occurring at depths
ranging from 0 to 1,000 meters (m), usual between
0 and 200 m, occasionally coming close to the shore
(Smith, 1986). It lives in temperatures ranging from
12°C to 24°C, being a seasonal migrant species,
occurring in small schools performing movements
apparently related to the water temperature (Mead
& Haedrich, 1965; Kells & Carpenter, 2011). This
species usually feeds on small fishes, cephalopods,
amphipods, and euphausiids (Haedrich, 1986).

This species possesses a widespread
distribution, occurring along the Atlantic, Indian and
South Pacific oceans, from 65°N to 70°S, and from
180°W to 180°E (McMillan et al. 2011). In Western
Atlantic it is distributed from Nova Scotia, Canada
and Bermuda (Robins & Ray, 1986) to Belize and
the Antilles (Claro, 1994). It can also be found in
Brazil and in Argentine (Menni et al. 1984), and lives
from zero to 400 m depth in northern continent from
Cape Cod (39°58’N, 70°46°W) to the Grand Banks
of newfoundland, Canada and south to northern
South America (Scott & Scott. 1988; Moore et al.

2003). In the Eastern Atlantic, B. brama occurs
from central Norway to Algoa Bay, in South Africa.
For West African coasts, it ranges from Morocco
(30°N) to South Africa (35°S) (Haedrich, 2016 in
Carpenter & De Angelis, 2016). This species ranges
from Walvis Bay, in Namibia, to the extreme south
around the Cape of Good Hope to Algoa Bay, in
South Africa, in depths from 50 to 1,000 m, rarely
occurring near land (Heemstra & Heemstra, 2004).
It could also be found in Pacific Ocean: in Australia
(May & Maxwell, 1986) and New Zealand (Paulin
et al., 1989).

The Atlantic pomfret is a cosmopolitan and
highly migratory oceanic and epipelagic species.
It is generally found on the continental slope (at
depths down to 1000m) (Bianchi et al. 1993). In the
Northeast Atlantic and western Mediterranean, B.
brama is targeted as a seasonally important fisheries
resource in semi-pelagic longline fisheries in Galicia
(northwestern Spain), in Portugal and off northwest
Africa (Lobo & Erzini, 2001). In Spain Brama brama
has a great economic importance, being generally
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marketed fresh (Pérez-Alonso et al. 2004). It also has
been used as a replacement for higher-cost species
in the production of smoked fish products (Pérez-
Alonso et al. 2003). In a majority of fisheries this
bramid is taken as bycatch, which is the case of south
coast of Portugal, where B. brama is the second most
abundant commercial species in the hake (Merluccius
merluccius Linnaeus, 1758) fishery (Erzini et al.,
2001). It is also taken as bycatch in legal and illegal
tuna driftnet fisheries (Banaru et al., 2010).
Heemstra & Heemstra (2004) and Quigley
(2008) argued that B. brama is a pelagic offshore
species constituting an important prey item to large
marine predators as tunas, mackerels and marlins.
Despite its commercial importance, relatively little
is known about the species’ population dynamics.
Although the species was first recorded for Irish
waters in 1843, it was still regarded as scarce up
until the late 1950s, but between 1960s and 1970s
large numbers were recorded. Nevertheless, the
species would appear to have made a comeback
between 2003 and 2007, with increasingly significant
quantities landed by commercial long-liners off
the west coast. Significant numbers have been
found stranded on North Sea coasts, possibly
due to disorientation caused by decreasing water
temperatures (<13°C) (Quigley, 2008). The vast
majority (>80%) of Ray’s Bream recorded in Irish
waters have been taken by commercial trawlers, and
specimens were taken near the surface with feather/
mackerel/jigs during the hours of darkness (Quigley,
2008). In Eastern Atlantic (Galicia, NW Spain)
Rodriguez, 1980 noticed the same phenomenon
between 1969 and 1975 that B. brama became scarce
and fleet was obliged to move to the North-West
coasts of Africa. To evaluate population trends a
first attempt was leaded by IUCN experts (Quignard
et al., 2011) and concluded that the species is data
deficient then a second report in 2015 concluded that
the species is classified as LC (Least Concern) with
a decline in mature individuals (Colette ez al., 2015).

Brama brama is not directly targeted by fishing
gears but can be a by-catch of semi-industrial fishing,
purse seines, trawls, gillnets, bottom longlines,
drifting longlines, it is also a Least Concern (LC)
species on the [IUCN Red List (ver 3.1) (Iwamoto
et al. 2015). Many documents dealing with this
species are available in the literature, such as: age
and growth (Lobo & Erzini, 2001; Paul et al. 2004;
Hermas et al. 2019); occurrence and fisheries (Mead
& Haedrich, 1965; Boyd, 1970; Williams, 1977;
Quigley, 2008; Quigley & Flannery, 2008; Quero
et al. 2009; Garibaldi, 2015; Anastasopoulou ef al.
2016; Bolshakova & Evseenko, 2016; Masski & Ait
Hammou, 2016; Mafwila, 2017; Akyol et al. 2019);
bioecology and behavior (Rodriguez, 1980; Dul¢ié,
1999; Richards, 2003; Hanel & John, 2014; Quinzan
et al. 2016); pollution (Neves et al., 2015; Strbac et
al., 2015; Dione et al., 2018); parasites (Llarena-
Reino et al., 2015); and food process (Pérez-Alonso
et al., 2003; Pérez-Alonso et al., 2004); but up to
date there are no works reporting this species for
Algerian waters.

On 6" September 2018 a single specimen of B.
brama (Figure 1) was caught by a seiner in Ghazaouet
Bay (35°06°18.4”N 1°51°26.7°W) (Figure 2), in
the western Algerian coast. Thirteen morphometric
characteristics were made adapted from Akyol et
al. (2019) (Table 1). The measures were carried out
using a digital caliper to the nearest 0.01mm.

FAO identification sheets (Gomes, 1990;
Haedrich, 2016) was used to identify the specimen
as Brama brama (Figure 1), and morphometric
characteristics are summarized in Table 1. The
species is characterized by having: a moderate
body height and somewhat compressed; head very
compressed with very convex back profile; very
rounded interorbital space; large oblique mouth;
wide and scaly maxillary extending at least up to the
middle of the eye; lower edge of the mandibles in
close contact on the ventral median line behind the
symphysis, the isthmus not being visible between

10 cm

Figure 1. Specimen of Brama brama (672.5 mm SL) collected in Ghazaouet
Bay, Algeria. Photographed by L. Bensahla-Talet.
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Figure 2. Localization of sampling zone (Ghazaouet Bay), western Algerian coast,
Mediterranean Sea. The arrow indicates the location where the specimen was collected.

Table 1. Morphometric measurements in mm of the specimen of Brama brama.

Morphometrical characteristic Measurement (mm) % of SL
TL Total length 850.53 126.46
FL Fork length 720.47 107.12
SL Standard length 672.57 100.00
POD1 Pre ocular distance 33.54 4.99
ED Eye diameter 38.27 5.69
POD2 Post ocular distance 90.02 13.38
H Head length 165.42 24.60
Dfi Dorsal fin length 370.64 55.11
Afl Anal fin length 296.18 44.04
VAl Ventral fin length 62.80 9.34
Pl Pectoral fin length 237.47 3531
Hmin Minimum body height 42.00 6.24
Hmax Maximum body height 297.16 44.18
Meristic characters
Dorsal fin rays 36
Anal fin rays 28
Pectoral fin rays 20
Ventral fin rays 8
Scales rows 46
Scales of lateral line 83

them; pectoral fins extending beyond the lobe of
the anal; pelvic fin inserted under the base of the
pectorals or slightly further back and surmounted
by a large axillary scale; lateral line barely visible in
adults; smooth scales, with unequal edges, covering
the head, the body and extending on the odd fins;
and a coloration characterized by a silvery black, odd
fins slightly lighter (Gomes, 1990; Haedrich, 2016).

Brama brama can easily be misidentified with a
similar species occurring in the same area named the
lesser bream, Brama dussumieri Cuvier, 1831, which
presents 19 to 21 pectoral-fin rays (usually 22), 35
to 38 dorsal-fin rays, 29 to 32 anal-fin rays, 15 to 18
gill rakers on first arch, 70 to 80 lateral-line scales
with a maximum length not exceeding 37 cm of total
length; while B. brama presents 19 to 21 pectoral-fin
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rays (usually 20), 33 to 35 dorsal-fin rays, 26 to 28
anal-fin rays, 13 to 15 gill rakers on first arch, 57 to 65
lateral-line scales (Haedrich, 2016) with a maximum
length of 101 cm of total length (Claro, 1994) and a
maximum weight of 6 kg (Muus & Dahlstrom, 1978).

Brama brama is rare in the Mediterranean
Sea (Bauchot, 1987; Quignard et al. 2011). It
was reported for: the Eastern Mediterranean by
Bilecenoglu et al. (2002), Golani et al. (2005), Akyol
& Ulas (2019); the Central Mediterranean by Dulci¢
etal. (1999, 2003), Corsini-Foka (2009), Mytilineou
etal. (2013), Garibaldi et al. (2015), Anastasopoulou
etal. (2016), Elbaraasi et al. (2019); and the Western
Mediterranean by Quero et al. (2008), Ranz (2017)
where it seems to be concentrated in Balearic Sea
(GBIF, 2020; OBIS, 2020). However, there are no
records for North African waters nor for Algerian
waters.

According to Mead (1972), B. brama has
specific temperature requirements. Quinzan et al.
(2016) unveiled the influence of the environment on
the migration pattern of the Atlantic pomfret (Brama
brama), and obseved that during years with cooler
surface waters the Atlantic pomfret is only available
in restricted areas and yields are low while large
migrations are observed in scenarios of high SSTs
in the migratory area (above 14.7°C). Migrations,
however, are constrained during years when
temperatures are below this threshold. Migration is
often driven by biological needs such as reproduction
and food but is also often constrained by climate
variability.

Occhipinti-Ambrogi & Galil (2010) argued
that climate changes facilitate overcoming historic
geographic barriers. Although, recent increases, over
the last thirty years, in the sea surface temperature
(SST) of the Canary Islands area, with records over
24°C, can be observed, influencing the distribution of
the species (Santos et al. 2012) due to global warming
(Walther et al., 2002; Parmesan, 2006; Gonzalez-
Lorenzo et al., 2013). Moullec et al. (2016) have
noticed the same phenomenon in the Mediterranean
basin and deducted that temperature has a major
direct effect on the physiology, growth, reproduction,
recruitment and behavior of poikilothermic organisms
such as fishes. The warming of the Mediterranean Sea
affects the fitness of marine biota as already shown
by records of changes in abundance, survival and
fertility, phenology and species migration (Marba
et al. 2015).

This first record of B. brama in western Algerian
waters can be explained by the fact that Algerian
waters are located at the entrance of Gibraltar strait,

being the second point after the first one in Morocco
(Masski & Hammou, 2016), since the whole
trajectory of this high migratory bramid movement
is highly influenced by elevated water temperatures
in this period of the year (Mead,1972). Consistent
studies should be leaded to retrace real migratory
pathway of this species and explain why its unusual
presence is scattered throughout the Mediterranean
basin, and at the same time concentrated around the
Balearic Islands. It is also concluded whether this
presence in the Mediterranean was not influenced
only by temperature fluctuations, but also by
other environmental factors namely nutritional or
physiological needs such as the search for new
spawning grounds for the species.

The largest specimen of B. brama ever
reported was in Cuba (Claro, 1994) with 1,010 mm
TL and with 6000g, while the largest specimen in
the Mediterranean was recorded in Greek waters
of the southern Aegean Sea, with 700 mm TL and
4,500 g (Corsini-Foka, 2009). In the Eastern Ionian
Sea, Mytilineou et al. (2013) reported the largest
specimen, measuring 643 mm TL and with 3,638 g;
and in the Eastern Adriatic Sea Duléi¢ ef al. (2003)
reported a specimen measuring 4,062 mm TL and
weighting 6,442 g. Recently, a specimen with 710
mm TL and 5,696 g was caught in Turkish waters
(Akyol & Ulas, 2019). Our specimen collected
in Ghazaouet Bay has 850.5 mm TL and 4,740 g,
constituting the new maximum record for the species
in the Mediterranean Sea.
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Abstract

Percnon gibbesi is an invasive crab reported for the first time from Linosa Island and the Balearic Islands. This grapsid
crab is the most invasive decapod species to enter the Mediterranean Sea. It was first recorded in 1999 and has since spread
from Spain to Turkey. In this paper, we report the first record in Oran coasts, where it probably established in « la Madrague
beach » in winter of 2017 after its establishment in eastern and central Algerian waters since 2008.

Keywords: Occurrence, Percnon gibbesi, alien spices, Oran Bay, Algeria

istilaci Grapsid Yengeci Percnon gibbesi (H. Milne Edwards, 1853) (Crustacea: Decapoda: Percnida)’nin Oran
Korfezi'ndeki (Kuzeybati Cezayir) ilk gozlem kaydi

Ozet

Percnon gibbesi, ilk kez Linoz Adasi ve Balear Adalari’'nda goriilmiis olan istilaci bir yengectir. Bu grapsid yengeg,
Akdeniz'de yayilim gosteren en istilac1 Decaphoda tiiriidiir. ilk kez 1999 yilinda kaydi verilen bu tiir 0 zamandan giiniimiize
kadar Ispanya’dan Tiirkiye’ye kadar yayilis gostermistir. 2008 yilinda Dogu ve Orta Cezayir sularinda (muhtemelen 2017
kisinda) goriilen bu tiiriin, Oran « la Madrague Beach » kiyilarindaki ilk kayd: bu makalede rapor edilmistir.

Anahtar kelimeler: ilk kayit, Percnon gibbesi, istilaci tiir, Oran Kérfezi, Cezayir

INTRODUCTION

Percnon gibbesi is native to the Pacific (California to Chile) and Atlantic (Florida to Brazil) coasts
of the Americas, and the Atlantic coast of Africa (Madeira, the Azores, the Cape Verde Islands and the
coast of Africa from Morocco to Ghana and offshore islands in the Gulf of Guinea) (Manning &
Holthuis, 1981). Reconstituting P. gibbesi invasion Katsanevakis et al., 2011 stated that it was first
recorded in the Mediterranean Sea in 1999 in Linosa Island (Sicily Strait), southeastern Sicily, and the
Balearic Islands (Relini et al., 2000; Garcia and Reviriego, 2000; Miiller, 2001; Mori and Vacchi,
2002). Since then, its population in the Mediterranean Sea has expanded rapidly.

In Algeria, it was first reported in Collo (Skikda district) in 2010 (Katsanevakis et al., 2011) also in
Algiers, in the localities of Rais Hamidou and Sidi Fredj by Lamouti (2010) in central Algerian waters
and then in Eastern Algerian waters Bada and Derbal (2018), Menail et al. (2019) add to this our first
record for northwestern Algerian waters.

The first sighting of P. gibbesi in Algerian shallow waters dates back to 2008 in the region of Jijel
(Noél and Prouzet, 2017). This crab frequented the Oranian coasts probably the winter of 2017.
Herbivorous more or less strict, this stealth crab is active during the day. It frequents rocky shores,
ports, and marinas where it hides in cracks or under stones up to -30 m deep. Generally, its shell is
slightly longer than wide, and the maximum length observed in la Madrague was a specimen of 16 cm.

396


mailto:bensahlatalet.lotfi@univ-oran1.dz%20/
mailto:btlotfi1977@gmail.com
https://doi.org/10.22392/actaquatr.696400
https://www.cabi.org/isc/datasheet/108182#8E2F5E72-6F1A-443C-8433-2045DB321789
https://www.cabi.org/isc/datasheet/108182#8E2F5E72-6F1A-443C-8433-2045DB321789
https://orcid.org/0000-0001-7261-0287
https://orcid.org/0000-0002-8360-2079
https://orcid.org/0000-0003-4352-1992

BENSAHLA-TALET et al. 2020 ActAquaTr 16(3), 396-399

As stated by Deudero et al. 2005, Azzurro et al. 2011, Katsanevakis et al. 2011 P. gibbesi
population invaded the coasts in a short time, and specimens were found everywhere. The high
dispersal capacity of P. gibbesi suggests that this species could be a potential competitor for the native
marbled crab Pachygrapsus marmoratus. Nevertheless, Sciberras and Schembri, 2008 observed that
in the shallow rocky intertidal zone, P. gibbesi overlap with the native grapsid, Pachygrapsus
marmoratus where they have been considered potential competitors for space and to a lesser degree
with the native xanthid, Eriphia verrucose. Miiller (2001) found that the two species compete also for
food since they have been observed to occur in close proximity.

MATERIALS and METHODS

Our extensive knowledge and monitoring of invasive species in Oran shoreline past years allowed
us to easily notice the new presence of this species in July 2017. The method used for the reporting of
non-native species consisted of visual patrols, carried out by snorkeling with waterproof camera in the
rocky areas and bottom of Oran shoreline (Mazzoldi and De Girolamo, 1998). Visual surveys were
realized in free diving between 0 and 3 m and ecological parameters studied were: abundance, habitat
(herbarium, sand, rocks, and crevasses), behavior (Indifferent, slow leakage, fast leakage).

RESULTS and DISCUSSION

During our investigation of benthic species richness of Oran coast, we met by chance one specimen
of nimble spray crab P. gibbesi for the first time in July 2017, at la Madrague beach 35°46'02.2"N
0°49'06.6"W (Sugar Loaf) (Figure 1). Since then, the species has been observed in 2018 and 2019
(Figure 2), in the same place between 1 and 3m of isobaths.
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Figure 1. Location of the signaling zone, la Madrague (Sugar Loaf), Western Mediterranean.

P. gibbesi is a very flat crab. Its shell is slightly longer than wide, and its length measures up to 39
mm in males, 34 mm in females, and between 26 and 30 mm in ovigerous females. It has three front
teeth and four-pointed anterolateral teeth. Each ambulatory leg is provided of a row of strong thorns
on the anterior margin of the merus. Male pliers are uneven and stronger than those of females or
juveniles. The general color is brownish-reddish (Williams, 1965; Noél, 2015).

The species is difficult to photograph in scuba diving because it is very fearful and takes refuge
very quickly under stones and in crevices (Noél 2015). It hides with agility in cracks or various
cavities. It particularly appreciates the rocks lined with calcareous red algae in a beaten environment.
It occurs mainly in the intertidal zone and the first three or four meters deep. Large individuals are met
more deeply than young ones (Deudero et al., 2005). It has been reported down to -30 m (Verrill,
1908; Fransen, 1991; Galil, 2006; Otero et al., 2013).
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The zone is characterized by rocks, resulting from local development works (aquaculture farm)
which offer an ideal habitat for the installation of P. gibbesi. As stated previously specimen of this
grapsid crab moves very fast and made the task difficult for us to determine the sexes of individuals
and population was estimated by the visual census (Mazzoldi and De Girolamo, 1998). For 150 m
shorelines we counted 10 individuals in 2017, 30 individuals in 2018, the last estimation was
performed in 2019 as a mean of 8 individuals per 10 m so 120 individuals to date. It is to highlight
that nimble spray crab is difficult to photograph under scuba diving because it is a very fearful crab
and takes refuge very quickly under the cracks and crevices. It was photographed after several
attempts in 2019 (Figure 2).

Figure 2. Prcnon gibbesi photographed in 28! , Seteber 019 inla Madrue, Oran.
Photograph by Dr. Lotfi Bensahla-Talet

Grapsid crab is considered as Herculean species (reached the Mediterranean by the Strait of
Gibraltar). It can be consumed by several fish: common dentex, bar, sea bream, porgies; to this list of
predators we can add cephalopods such as octopus and large crustaceans. Perhaps the Percnon resist
the waves better than the Pachygrapsus, being stronger to hold on a rocky substrate (flatter, taller,
longer legs). Vegetarian, the species does not seem to have a significant effect on the coastal
ecosystems it frequents and to date has no known ecological or economic negative impact.

CONCLUSION

The location of the P. gibbesi is very limited in Oran coast, so we can conclude that its distribution
is currently discontinuous and localized. More in-depth and methodical studies will give us a broader
view of population dynamics and a meaningful response to all relationships with other native species
or any changes that this recently introduced alien species could bring to the marine ecosystem.
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GONADAL DEVELOPMENT OF BOGUES, BOOPS BOOPS (LINNAEUS,
1758), FROM ORAN BAY (TELEOSTEI, SPARIDAE)

Fatiha DALOUCHE, Lotfi BENSAHLA-TALET, Sidi Mohamed El Amine ABI AYAD & Ahmed BENSAHLA-TALET
Laboratoire Aquaculture et Bioremediation (AquaBior). University Oran1 Ahmed Benbella. Faculty of Natural Sciences and Life.
Department of Biology. Oran-Algeria
e-mail: btlotfi1977@gmail.com

ABSTRACT

Our study aims to investigate the reproductive cycle of Boops boops caught in Oran Bay. The samples were
received monthly from commercial catches of coastal trawlers operating in this area from January 2016 to De-
cember 2017. The overall sex ratio was in favor of females and the length frequency distribution according to sex
revealed that females were predominant beyond 14 cm of total length, presuming the beginning of the sexual
inversion already described for this Sparidae species. The spawning period was established based on the follow-up
of the gonado-somatic index, and appeared to last from February to late June with a peak in the March-April
period. Our findings can contribute to a better understanding of the reproductive cycle of this species and help

adopt measures toward a more adequate stock management of the most abundant sparid that is landed daily in
many Mediterranean and Algerian fisheries.

Key words: Boops boops, reproductive cycle, spawning season, size at first maturity, Oran, Algeria

SVILUPPO GONADALE DELLA BOGA, BOOPS BOOPS (LINNAEUS, 1758) NELLA BAIA
DI ORANO (TELEOSTEI, SPARIDAE)

SINTESI

Lo studio si propone di indagare il ciclo riproduttivo degli esemplari di Boops boops catturati nella baia di Orano.
I campioni mensili provenivano dalle catture commerciali dei pescherecci costieri operanti in quest’area, da gennaio
2016 a dicembre 2017. Il rapporto tra i sessi e risultato a favore delle femmine e la distribuzione della frequenza
della lunghezza in base al sesso ha rivelato che le femmine erano predominanti oltre i 14 cm di lunghezza totale,
presumendo linizio dell’inversione sessuale gia descritta per questa specie di sparidi. Il periodo di riproduzione
e stato stabilito sulla base del follow-up dell’indice gonado-somatico e sembra durare da febbraio a fine giugno,
con un picco nel periodo marzo-aprile. Tali risultati possono contribuire a una migliore comprensione del ciclo
riproduttivo di questa specie e aiutare ad adottare misure per una gestione pit adeguata dello stock dello sparide piu
abbondante, che viene sbarcato quotidianamente in molte zone di pesca del Mediterraneo e dell’Algeria.

Parole chiave: Boops boops, ciclo riproduttivo, stagione di deposizione delle uova, taglia alla prima maturita,
Orano, Algeria
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INTRODUCTION

The bogue is a widespread species in the eastern
Atlantic, found from Norway to Angola, including the
Canary, Cape Verde, and Sao Tome-Principe Islands. It
is common between the Bay of Biscay and Gibraltar,
and in the Mediterranean and Black Seas (Bauchot &
Hureau, 1986). This sparid can be found in the shelf or
coastal pelagic zone on various bottoms (sand, mud,
rocks and seaweeds). Gregarious and ascending to the
surface mainly at night, the species is omnivorous,
feeding mainly on crustaceans, as well as plank-
tonophagous (Frimodt, 1995).

In Algeria, the Sparidae family is of high com-
mercial importance, with the bogue representing ~ 20
% of all demersal fish landed and 45 % of all sparid
catches (D.P.R.H, 2016). B. boops is a demersal and
semi-pelagic species typifying the daily landed fish in
Oran Bay. It moves in aggregations, ascending to the
surface mainly at night (Campillo,1992); in Oran Bay
it is fished at depths ranging between 100 and 250
m (pers. obs.) and captured by line gear, with bottom
trawls and purse seines.

There is some published data on the biology of this
species, focusing mainly on the weight-length rela-
tionship (Gongalves et al., 1997; Moutopoulos & Ster-
giou et al., 2002; Ozaydin & Taskavak, 2006; Kara &
Bayhan, 2008; Karachle & Stergiou, 2008; Crec’hriou
et al., 2013; Ozvarol, 2014; Crec’hriou et al., 2015),
fishing gear selectivity (Ayaz et al., 2009; Cengiz et
al., 2013; Kumova et al., 2015; Eryasar, 2017; llkyaz et
al., 2017), feeding habits (Sanchez-Velasco & Norbis,
1997; El-Maremie & EI-Mor, 2015), and biology and
population dynamics (Anato & Ktari, 1983; Alegria
Hernandez, 1989; Gordo, 1996; Allam, 2003; Khemiri
et al., 2005; Manasirli et al., 2006; Monteiro et al.,
2006; EI-Okda, 2008; Kara & Bayhan, 2008).

Several biological studies on its reproductive
cycle have also been conducted (Frau, 1966; Gordo

1500 0°50"  0°40°  0°30'  0°20'  01°15'  0d4°10'  00°00"  00°10°

Mediterranean Sea

36°00" +36°00"

35%50°

35°50"

35%40" 35°40"

Fig. 1: Map of the study area (Oran Bay).
Sl. 1: Zemljevid obravnavanega obmodja (Oranski zaliv).

1995,1996; Cano Fortuna & Lizaso, 1996; El-Agamy
et al., 2004; Monteiro et al., 2006; Kasalica et al.,
2011; Bottari et al., 2014; Layachi et al., 2015; Taylan
& Bayhan, 2015; Mobilia et al., 2016; Dobroslavi¢
et al., 2017), but in relation to Algerian waters, the
works are limited to Derbal & Kara, 2008 on feed-
ing habits; Boubaiou, 2014 (morphometrics); Benina,
2015; Kherraz et al., 2016 (population dynamics),
Ider et al., 2017 (otolithometry), and only works of
Chali-Chabane (1988) in Algiers Bay, and Bensahla-
Talet et al. (1990) and Kherraz (2011) in Oran Bay
dealt with the reproductive cycle of this species.
Therefore, the present study aims to estimate more
precisely the reproduction parameters of this species
to help comparative studies in the Mediterranean and
propose measures to allow a renewal of the resources
and improved management.

MATERIAL AND METHODS

Specimens of B. boops (n=7153; 3317 in 2016,
and 3836 in 2017) were caught by trawlers operating
in Oran Bay, located in northwestern Algerian coast
(western Mediterranean Sea), between Pointe de
I’Aiguille and Cape Falcon (35.95 °N-0.65 °E) (Fig. 1)
at depths ranging between 100 and 250 m between
January 2016 and December 2017. Samples were
randomly collected from daily landed fish at the Oran
fishery.

At the laboratory, total length (TL), measured to
the nearest millimeter with an ichthyometer (= 1 mm),
total weight (TW), and gonad weight (GW), using a
digital precision balance (+ 0.01 g), were recorded for
each individual.

Sex ratio

The sex ratio was calculated monthly throughout
the study period according to individual sizes (1 cm
class interval) and seasons using the formula below,
while sexually indeterminate and immature individu-
als were not taken into account:

nF
nM+nF

SR =

%100

where:
nF = number of females,
nM = number of males.

To detect statistically significant deviations from
the expected 1:1 ratio, the chi-square (2, P < 0.05)
test was used (Sokal & Rohlf, 1987).

Spawning period

For the description of the sexual cycle of B. boops
several approaches were used:
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Tab. 1: Sexual maturity scale (macro- and microscopic) of the Sparidae modified and used in this study to classify B.
boops gonads, with a focus on female gonads (Bensahla-Talet et al., 2017).

Tab. 1: Spolna zrelost (makro- in mikroskopska) predstavnikov iz druzine Sparidae, prirejena za potrebe te studije za
opredelitev gonad vrste B. boops, s posebnim poudarkom na samicjih gonadah (Bensahla-Talet et al., 2017).

Testes in recovering condition.

Level name Macroscopic Microscopic
I | Immature Very small and translucent ovaries. Very small Oocytes are small arranged on ovigerous lamellae. The
testes; no signs of development. nucleus is relatively clear.
I . - Oocytes are small spherical (about 60 um), no vitellus is
. Ovaries in recovering condition; / . . .
Il | Resting found in their cytoplasm. The nucleus is relatively dense and

large with a NPR at its maximum attaining 0.6.

Vitellogenesis Larger ovaries and eggs visible.

Vitellogensis initiate characterized by massive entry of small
vitelline and lipidic vesicles. Zona radiata begin to thicken and

a light press on the abdomen.

(Maturing) Larger testes, not running. appearance of granulosa formed of single cell layer.
Oocytes attainted their maximal size (~500 pm). The nucleus
N Large transparent eggs that are released . . T .
Ripening and migrates to the animal pole. The follicle includes a thick zona
\% . under moderate pressure. Sperm released by . . L L ;
Spawning radiata. The cytoplasm is overload with vitellus and lipid vesicles

conferring to the egg a hyaline aspect.

Ovaries shrunken with few residual eggs,
much slime and often redish. Testes small,
slack testes and often redish; resting
condition.

V | Post spawning

Many atretic follicles are encountered corresponding to
oocytes that have not attained their maturation or mature
ones that were not emitted and which will degenerate. The
cytoplasm is disorganized and cells undergo pycnosis.

1 - The maturation scale was established following
the Holden & Raitt (1974) macroscopic scale, while
microscopic description was based on the Aboussouan
& Lahaye (1979) scale with a slight modification to fit
B. boops gonad development (Tab. 1). Both are based
on the macroscopic aspect, relative dimensions and
microscopic characteristics of the gonads (I: immature,
[I: resting, Ill: ripe, 1V: ripe and running, V: spent).

2 - Between 10 and 30 specimens of B. boops were
selected each month for histological examination
of the sexual organs, which were placed in Bouin’s
fixative solution for 48 h, dehydration was carried out
by increasing concentrations of acetone/toluene, then
fragments were embedded in paraffin wax. Gonads
were sectioned with a microtome into 5-6 pm sections
and stained with hematoxylin-eosin.

3 - Monthly evolution of the gonado-somatic (GSI)
index was calculated as follows:

_ow
GSI—TW>< 100

where:

GSI = gonado-somatic index,
GW = gonad weight (g),

TW = total weight (g).

The nucleoplasmic ratio is considered to be
closely related to the mitotic cellular cycle and to the
functional phase of cells. It is also a good indicator
of dynamic changes in cells (Bensahla-Talet et al.,

2017). The nucleoplasmic ratio (NPR) is expressed
mathematically as:

Nd

NPR = Cd — Nd

where:
Nd = nucleus diameter,
Cd = total cell diameter.

Size at first sexual maturity

Size at first sexual maturity (L ) was defined as the
size class at which 50 % of the individuals are mature.
Specimens were grouped into 1 cm size classes, and
the proportion of mature and immature individuals
was recorded. The total length at which 50 % of the
specimens were mature was estimated by a logistic
non-linear least-squares regression (King, 1995):

P=1/[1+e 2®L ]

where:

P = percentage of mature individuals,

a = slope of the curve or rate of increase in maturity,
L, = length at 50 % maturity,

L =1 cm length class.

RESULTS

In total, 3317 specimens of B. boops were col-
lected in 2016, 1319 of which were males (39.76 %)
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Fig. 2: A. Length frequency distribution of males and females of B. boops caught in Oran Bay. B. Monthly length
frequency distribution of males and females of B. boops caught in Oran Bay.

Sl. 2: A. Frekvencna porazdelitev velikosti samcev in samic bukve (B. boops), ujete v Oranskem zalivu. B. Frekvenc-
na porazdelitev velikosti samcev in samic bukve (B. boops) po razlicnih mesecih, ujetih v Oranskem zalivu.

and 1998 were females (60.23 %), while in 2017,
3836 specimens were collected, 1798 males (46.87
%) and 2038 females (53.12 %). The length frequency
distribution of the entire population is shown in Fig.
2a, b; the male length range was between 10 and 22.9
cm, the female between 12 and 24.9 cm.

The overall female-male ratio was in favor of fe-
males (F:M 1:1.51 in 2016 and F:M 1:1.13 in 2017)
and was significantly different from the 1:1 ratio
(x2=138.99 and x2 = 15.02 respectively > y? | . _
,5a)- Sex ratios between males and females by size
class were also significantly different from the 1:1
ratio ()%, cemed > % " 005 _, s fOr most size classes, the
difference was significant beyond the 14 cm length
class in 2016, while in 2017, this difference was dis-
tinguished beyond the 17 cm of total length, where
females predominated. Males predominated in smaller
size classes and females in larger ones (Fig. 2).

Maturity stages

Females with ripe gonads (stage I1l) and those with
ripe and running gonads (stage IV) were observed (Fig.
3) in early winter and were dominant in the March-July
period, thus highlighting the spawning period of B.
boops in Oran Bay. Spent fish (stage V) were recorded
from June to November with a maximum in August,
while the remaining period of the year gonads in stage
Il were dominant, marking the sexual rest period of
this Sparidae species.

Nucleoplasmic ratio (NPR)

The variation of the nucleoplasmic ratio according
to maturity stages is presented in Fig. 3b, reflecting the
changes that affect the oocytes. It appears that high
values of this ratio are encountered in early oogenesis

204



ANNALES - Ser. hist. nat. - 30 - 2020 - 2

Fatiha DALOUCHE et al.: GONADAL DEVELOPMENT OF BOGUES, BOOPS BOOPS (LINNAEUS, 1758), FROM ORAN BAY (TELEOSTEI, SPARIDAE), 201-214

Frequency (%)

100% i

5% I |
30%

25%

oo ML L B I AL

|

Months

JFMAMIJITASONDIFMAMIIAS OND

A 2 B
A 0.6 4
2

u]l o 054

@il £ 04
2

mv B 03
=

/

| | g. 0.2 4
&
= 0.1 4
“ ) . . . ,

I I I v

Maturity stage

Fig. 3: A. Maturity stages of B. boops females caught in Oran Bay (1l: resting, IlI: maturing, 1V: ripe and running, V:
spent). B. Variation of the nucleoplasmic ratio (NPR) in relation to maturity stages of B. boops females.

Sl. 3: A. Zrelostni stadiji samic bukev (B. boops) ujetih v Oranskem zalivu (II: pocivajoci stadiji, 1ll: dozorevajoci, 1V: zreli,
V: dokoncani). B. Variacije v nukleoplazmicnem delezu (NPR) v odnosu na zrelostne stadije samic bukve (B. boops).

stages, attaining 0.51, and as the oocyte develops, this
ratio tends to decrease, attaining its lowest value of 0.29
in stage 1V, when the oocytes are ready to be emitted.

Microscopic analysis

As with the majority of teleost fish and especially
sparids, the microscopic analysis of the gonads
allowed us to describe the following stages in B.
boops:

Ovaries

Immature period

The oogonia representing the reserve batch are
small round cells with a clear nucleus (Fig. 4a), vary-
ing in size between 36 and 169 ym, and the NPR is at
its maximum value of 0.51.

Resting period

At this stage (Fig. 4b) the oocytes are spherical
(169-260 pm), some of them have already began their
first cellular division and the cells are arranged as
ovarian lamellae with a homogenous and transpar-
ent cytoplasm, having numerous nucleoli mixed to a
large nucleus containing dense chromatin, the NPR
is at 0.46.

Maturing period

Previtellogenesis

Oogonia undergo progressive increase in size
reaching 205-390 pm (Fig. 4c, d) with an average
NPR of 0.37. The maturation period is mainly char-
acterized by:

A- A clear central nucleus containing some super-
numerary nucleoli distributed at the periphery.

B- Thousands of cortical alveoli appearing to
mark the beginning of the endogenous lipidic vitel-
logenesis.

C- The granulosa and zona radiata becoming vis-

ible.

The vitellogenesis period (pre-spawning)

A rapid increase in the size of the oocytes is
observed at this stage (416 um), resulting from an
intense entry of the protein yolk, also the vitelline
globules are rounded and colored red with a mean
diameter of 9.5 pm marking the exogenous vitello-
genesis (Fig. 4e, f).

Lipid (colorless) inclusions move massively
around the nucleus (Fig. 4g, h) forming a central
vacuole. The central cytoplasmic zone is filled and
repels the cytoplasm at the periphery. The NPR de-
creases to 0.38.

The oocyte membrane is enveloped by a pro-
tective thick membrane, zona radiata, measuring
10.16 ym. The whole is enveloped by the granulosa,
formed by one layer of ovarian cells, and the fibrous
theca (Fig. 4i).

Ripening and spawning period

The nucleus moves to the animal pole to initi-
ate the first meiotic division (Fig. 4j). Egg release is
imminent, cytoplasmic structures merge and give
the mature egg a translucent appearance, hence
the name hyaline oocyte (Fig. 4k, I); their diameter
is max 500 pm (390-542 pm) with an average NPR
of 0.29.
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Fig. 4: Ovarian histological slides of B. boops female gonads (a-m) stained by hematoxylin-eosin: (a) general view of an immature ovary x 100; (b) resting ovary with: advanced peri nucleolar oocytes (Oll), a large nucleus and
homagenous cytoplasm x 40; (c) previtellogenic ovogonia (Olll) presenting a large nucleus surrounded by several lipaprotein vesicles x 250; (d) previtellogenic oogonia (Olll) x 400; (e) early maturing large oocytes with large
translucent vitelline vesicles and a thin zona radliata (Olll) x 250; (f) Olll with a thick zona radiata and apparition of granulosa x 1000; (g) hydrated large oocytes (mature) OIV with numerous vitelline globules and important
lipid inclusions forming a central vacuole x 100; (h) hydrated large oocytes (mature) x 250; (i) mature oocyte with a thick zona radiata, granulosa and fibrous theca x 1000; (j) hyaline oocyte with nucleus in the animal pole x
100; (k) general view of ovary in spawning phase x 40; (I) hyaline oocyte ready to be released x100; (m) post-ovulatory follicle x 250. Fc: follicular cells; Gr: granulosa; Hc: hyaline cytoplasm; Li: lipid inclusion; Lv: lipid vesicle;
M: oocyte membrane; N: nucleus; Nu: nucleoli; O: oocyte; Oo: oogonia; Vg: vitelline globules; Zr: zona radliata of chorion; Pof: post-ovulatory follicle; Th: theca; Vv: vitelline vesicule; Zr: zona radiata.

Sl. 4: Histoloski rezi ovarija samic bukve (B. boops) (a-my), obarvani z hematoksilinom-eozinom: (a) pogled na nezrel ovarij x 100; (b) pocivajoci ovarij z: razvitimi perinuklearnimi oocitami (Oll), veliko jedro in homo-
geno citoplazmo x 40; (c) previteligenska ovogonia (Olll) z velikim jedrom, obdan s stevilnimi lipoproteinski vezikli x 250; (d) previteligenska ovogonia (Olll) x 400; () zgodnje dozorevajoce velike oocite z velikimi
prozornimi vitelinskimi vezikli in tanko “zona radiata”(Olll) x 250; (f) Olll z debelo “zona radiata” in pojavom “granulosa” x 1000; (g) hidratirane velike oocite (zrele) OIV s Stevilnimi vitelinskimi globuli in pomembni
lipidni vkljucki, ki tvorijo centralno vakuolo x 100; (h) hidratirane velike oocite (zrele) x 250; (i) zrele oocite z debelima “zona radiata” in “granulosa” ter fibrozna teka x 1000; (j) hialina oocita z jedrom v animalnem
polu x 100; (k) pogled na ovarij v fazi drstenja x 40; (I) hialina oocita tik pred sprostitvijo x100; (m) post-ovulatorni folikel x 250. Fc: folikularne celice; Gr: granulosa; Hc: hialina citoplazma; Li: lipidni vkljucek; Lv:
lipidni vezikel; M: membrane oocite; N: jedro; Nu: nukleol; O: oocita; Oo: oogonija; Vg: vitelinski globuli; Zr: zona radiata pri horionu; Pof: post-ovulatorni folikel; Th: teka; Vv: vitelinski vezikel; Zr: zona radiata.
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Fig. 5: Spermatogenetic stages; (a) seminiferous tubule with isogenic cysts at different stages of maturation
x 100; (b): mature testicle showing seminiferous tubules with lumen full of spermatozoa with their flagella
x 1000. FI: flagella; Lu: central lumen; Sp I: spermatocyte I; Sp 11: spermatocyte II; Spz: spermatozoa; Std:

spermatids; St: seminiferous tubule.

Sl. 5: Stadiji spermatogeneze; (a) seminiferni tubuli z izogenimi cistami pri razlicnih zrelostnih stadijih x
100; (b): zreli testikli z vidnimi seminifornimi tubuli z lumnom, napolnjeni s semencicami z bicki x 1000. FI:
bic¢ki; Lu: centralni lumen; Sp I: spermatocita I; Sp II: spermatocita II; Spz: spermatozoj; Std: spermatide; St:

seminiferni tubul.

Post spawning

[n the ovary, a fraction of unemitted mature oo-
cytes enter atresia marking the end of the spawning
season; the nucleus enters pycnosis and the yolk
disintegrates into a compact cluster; the cytoplasm
becomes disorganized; remaining in the ovary is
only the reserve oogonia that will be used during
the next spawning season (Fig. 4m). At the end of the
spawning period, the fish enters the resting phase
and the ovary reverts to its initial appearance, which
can be recognized by the presence of ovigerous
lamellae (Fig. 4a, b).

Testes

With regard to the spermatogenesis in male go-
nads, the testes studied were mature at the same time
as the ovaries. The testicles are formed of a multi-
tude of oval ampoules separated by a connective
tissue (Fig. 5). Seminiferous tubules are composed of
isogenic cysts at different stages of maturation (Fig.
5a, b). At maturity, spermatids are transformed to
spermatozoids, which move into the central lumen
and from there into deferent ducts to be released via
the genital opening.

Hermaphrodite gonads

B. boops exhibits a protogynous hermaphroditism
already described (D’Ancona, 1949; Reinboth, 1962;
Frau,1966; Girardin, 1981; Gordo, 1992; Massaro, 2012).
During our sampling period, 90 individuals were her-
maphrodites presenting the two sexes in the same gonad,
the ovotestis. The histological analysis of ovotestis (Fig.
6) allowed us to examine germinal tissues for males and
females, which co-exist (Fig. 6a, b, c). The female part is
functional and represented by ovogonous cells and some
oocytes | (O) arranged in ovigerous lamellae. The male part
is not yet active and is made up of spermatogonia arranged
in isogenic cysts at the beginning of spermatogenesis.

Sexual cycle and spawning period

To determine the reproductive period of B. boops,
the gonado-somatic index (GSI) was used, which was
calculated from samples taken monthly. The GSI value
began to rise from January and remained high until
May, with a peak in April (3.75 in 2016, and 3.66 in
2017). The GSI then decreased from June and remained
low until November, confirming the sexual rest period
(Fig. 7), which is in accordance with our macroscopic
observation on maturity stages of B. boops.
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Fig. 6: Section of hermaphrodite gonad of B. boops; (a) section of ovotestis x 100; (b) section of hermaphro-
dite gonad showing a functioning female part and early development of a male part x 250; (c) spermatogonia
x 1000. O: ovary; Ol: oocyte I; Oo: oogonia; Sg: spermatogonia; T: testis.

Sl. 6: Sekcija hermafroditske gonade pri bukvi (B. boops); (a) sekcija ovotestisa x 100; (b) sekcija hermafro-
ditske gonade, ki kaze funkcionalni del samice in zgodnji razvoj moskega dela x 250; (c) spermatogonija x

1000. O: ovarij; Ol: oocita I; Oo: oogonija; Sg: spermatogonija; T: testis.

Size at first sexual maturity

An analysis of shares of mature specimens (Fig. 8)
showed that in Oran Bay, 50 % of B. boops females
were mature at 14 cm of total length.

DISCUSSION
In Oran Bay, the overall female-male ratio was

found in favor of females, an observation already
made by Lamrini, 1998; Monteiro et al., 2006; Kher-

raz, 2011; Kasalika et al., 2012; and Dobroslavic¢ et
al., 2017, while Bottari et al., 2014 found this ratio
equally distributed in the southern Tyrrhenian Sea.
The predominance of males in smaller length
classes and females in larger classes is probably due
to protogynic hermaphroditism already described for
this species by D’Ancona, 1949; Reinboth, 1962;
Frau, 1966; Gordo, 1995; Cano Fortuna & Sanchez
Lizaso, 1996; Lamrini, 1998; Bottari et al., 2014.
Specimens are first female and became progressively
male, which is characterized by the development of
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Fig. 7: Monthly changes in the gonado-somatic index of
B. boops females caught in Oran Bay.

Sl. 7: Mesecne spremembe v gonadosomati¢nem indeksu
pri samicah bukve (B. boops), ujete v Oranskem zalivu.

female organs or maturation of their products before
the appearance of the corresponding male product.

Evolution of the sex ratio in relation to length
classes led us to establish that sexual inversion for
this sparid occurs between 13 and 17 cm of total
length, which is in accordance with observations
made by other authors who studied the same species
(Lamrini, 1998) (16 cm).

Investigation of the reproduction period of B.
boops following a longitudinal evolution showed
that (Tab. 2), generally, this species has one long
spawning season that extends from January to July.
Our findings in western Algerian coasts showed that
the spawning period of this Sparidae species extends
from January to July, peaking in spring period, which
was already reported for this same bay by Bensahla-
Talet et al. (1990), and Kherraz (2011), and for the
Gulf of Annaba by Derbal & Kara (2008).

In central Algerian waters, this period seems to
be shortened to 3 or 4 months, as reported for Al-
giers Bay (Chali-Chabane, 1988) and Bousmail Bay
(Dieuzeide et al., 1955; Benina, 2015). The same
finding was previously observed in the Gulf of Lion
(Girardin, 1981), the Thyrrhenian Sea (Bottari et al.,
2014), in the Gulf of Tunis (Anato & Ktari, 1983), in
Egyptian waters (Hassan, 1990), and in the Lebanese
coasts (Mouneimne, 1978). The differences in the
spawning period duration could be due to the inflow
of Atlantic water through the Strait of Gibraltar,
namely, regional differences in the time and duration
of the spawning act of species in the Mediterranean
basin can be related to biotic and abiotic factors,
such as climate, hydro dynamism, temperatures, sa-
linity, and food availability (Wootton, 1979; Pajuelo
and Lorenzo, 2000; Mouine et al., 2007; Tsikliras et
al., 2010). Gongalves & Erzini, 2000, stated that the
reproduction period is correspondingly much longer
when environmental conditions are favorable. The

Fig. 8: Sexual maturity for females of B. boops caught
in Oran Bay.

Sl. 8: Spolna zrelost pri samicah bukve (B. boops),
ujete v Oranskem zalivu.

upwellings and related zooplankton abundance can
also affect many species reproduction (Parrish et al.,
1981).

With regard to the length at first sexual maturity
(Tab. 2) in Algerian waters, Derbal et al. (2007) found
females to be mature at 13.5 cm; in Algiers Bay this
length was reported at 13.5 cm (Chali-Chabane,
1988) and 14.6 cm (Benina, 2015), in Oran Bay
between 12 and 14 cm, like in some other studies
in the Mediterranean. Gordo (1995) and Monteiro
et al., (2006) reported that length to be between 13
and 15.22 cm in Portuguese waters, while in Span-
ish waters Cano Fortuna & Sanchez Lizaso (1996)
found it equal to 10.2 cm. In Italian coasts, Bottari
et al. (2014) recorded it at 13.8 cm. In the Adriatic
(Kasalica et al., 2011) this size was reported to be
11.5 cm TL. In Tunisian waters, the first sexual matu-
rity was reached, by most of the population, at sizes
between 14 and 18 cm. In Egyptian and Lebanese
waters, this maturity was attained at 13 cm.

Most studies found this length to be comprised
between 12 and 14 cm in the Mediterranean, except
Bounhiol & Pron (1916) and Kherraz (2011), while
in Atlantic waters the bogue seems to reach maturity
later, at 17 cm (Lamrini, 1998; Monteiro et al., 2006;
Massaro, 2012), probably due to environmental
conditions, which differ from one habitat to another.

Environmental factors, such as temperature,
salinity and food (Gongalves & Erzini, 2000; Mou-
topoulos & Stergiou, 2002; Karakulak et al., 2006;
Bottari et al., 2014) are at the origin of the difference
in size at first sexual maturity and in the spawning
period between individuals of the same species from
different geographic locations.

Mortier (1992), Taupier-Letage & Millot (1998),
Salas et al. (2001) consider the Algerian current
as the most energetic in the Mediterranean basin,
conferring to Algerian waters their relative richness.
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Tab. 2: Spawning season of B. boops in different areas.

Tab. 2: Obdobje drstenja pri bukvi (B. boops) v razli¢nih predelih.

Region JIFIMIAIM|J|J|A|S|O|N|D|Lm50% | Author
Algarve
- 13-15 |Gordo, 1995
Portugal Peniche
Algarve 15.22 |Monteiro et al., 2006
Gibraltar strait 15.40 |Lamrini, 1998
Morocco
Beni Ensar Port 13.30 |Layachi et al., 2015
Port of Castellon - |Zuniga, 1967
Spain Western Mediterranean 10.20 |Cano Fortuna & Sanchez Lizaso, 1996
Canary island 17.90 [Massaro, 2012
France Gulf of lion 10-20 |Girardin, 1981
Algerian coasts 17.20 |Bounhiol & Pron, 1916
Annaba Bay 13.50 |Derbal et al., 2007
Algiers Bay 13.50 |Chali-chabane, 1988
14.60 |Benina, 2015
) Bousmail Bay - .
Algeria - |Dieuzeide et al., 1955
17.10 |Kherraz, 2011
11.70 |Bensahla-Talet et al., 1990
Oran Bay
13.30 |Aoudjit, 2001
14.00 |Present study
Gulf of Naples - |Lo Bianco, 1909
ltaly _ - |Bini, 1968
Tyrrhenian Sea
13.80 |Bottari et al., 2014
Tunisia Gulf of Tunis 14-18 |Anato & Ktari, 1983
Croatia o - |Dobroslavi¢ et al., 2017
Adriatic Sea :
Montenegro 11.50 |Kasalica et al., 2011
Greece | Central Mediterranean - Vidalis, 1950
) - Hassan, 1990
Egypt Alexandria Bay
13.00 |El Agamy et al., 2004
Lebanon Libanian coasts 13.00 [Mouneimne, 1978

Important upwellings, which enhance the develop-
ment of plankton, the first link of the aquatic food
web, are generated by the entrance of Atlantic
waters via the Strait of Gibraltar.

The MLS (Minimum Landing Size) set for B. boops
at 15 cm of TL according to Algerian legislation (Ex-
ecutive Decree no. 2004-86 of 26 Muharram 1425,
corresponding to 18 March 2004) (J.O.R.A.D.P,
2004), seems to be inadequate, given that it is too
close to the length at first sexual maturity, as has
been established during our study (14 cm). It would

be recommendable to increase this length and set
it at 18 cm, thus giving the opportunity to young
females to contribute to and ensure the renewal of
the resource.

CONCLUSIONS

The results obtained in the present study shed
light on the reproductive biology of B. boops in the
western Algerian coast. The bogue is of commercial
importance to local and national fisheries. The
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ban on trawl fishery from 1 May to the 1 August
as per Algerian legislation (Executive Decree no.
03-481a of 4 Rabi’ al-Awwal 1425, corresponding
to 24 April 2004), aiming to protect the renewal
of the resources, is from our viewpoint insufficient
to insure the set objective. We suggest an increase
of the minimum landing size and the establishment
of two closed fishing seasons per year to allow
the renewal of multiple spawning species in Oran
Bay and protect juvenile and adult spawners from
overfishing.
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ZALIVA (TELEOSTEI, SPARIDAE)
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POVZETEK

Avtorji porocajo o reproduktivhem ciklu primerkov bukve Boops boops, ujetih v Oranskem zalivu. Vzorce so
z obravnavanega obmocja enkrat mesecno dostavili ribi¢i od januarja 2016 do decembra 2017. Spolni delezZ je
bil v korist samic. Frekvencna porazdelitev dolZine je pokazala, da so samice prevladovale pri dolzinah, vecjih
od 14 cm celotne dolZine, kar verjetno odraza zacetek spolne inverzije, sicer Ze opisane pri tej vrsti Spara.
Obdobje drstenja, ki je bilo dolo¢eno na podlagi gonadosomati¢nega indeksa, je bilo od februarja do poznega
junija z vchom v marcu in aprilu. Izsledki avtorjev prispevajo k boljSemu poznavanju razmnozevalnega cikla te
vrste in bodo pomagali k pripravi ukrepov za primernejse upravljanje s staleZzem najbolj pogoste vrste Spara, ki
ga dnevno ribici ulovijo v mnogih Sredozemskih drzavah in AlZiriji.

Kljucne besede: Boops boops, razmnozevalni cikel, sezone drstenja, velikost pri zrelosti, Oran, AlZirija
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On the 29th of October 2018, one specimen of the spotted weever, Trachinus araneus measuring
47.3 cm in total length and weighting 968 g was captured by trammel net operating in Oran Bay
(Kristel fishery) Western Algerian coast at 100 m depth. Up to date, this length is a new record of
maximum length reached for this trachinid in the Mediterranean basin.

Key words: The spotted weever, Trachinus araneus, maximum size, Oran Bay, Mediterranean Sea

INTRODUCTION

The maximum observed length of individu-
als of certain fish species is a useful information
for a rapid evaluation of growth rates in the
absence of basic data (LEGENDRE & ALBARET,
1991; FROESE and BINOHLAN, 2000; AKYOL et al.,
2007). Maximum length and maximum weight
are important theoretical parameters in fisheries
science. Directly or indirectly, these measure-
ments enter in most of the models used in stock
assessments. In this sense, updating the maxi-
mum size of a species that might be commer-
cially exploited in the future, gains importance
(BORGES, 2001).

The spotted weever Trachinus araneus is
a member of Trachinidae family found in the
eastern Atlantic, from Morocco to southern
Angola. Its range extends north into the Medi-
terranean, and along the Atlantic coast of Europe

to southern Portugal (CARPENTER et al., 2015). It
is particularly abundant in the eastern Mediter-
ranean. It lives in the shallow waters on sandy
and sandy-muddy detrital bottoms, up to about
100 m deep, burrowing into the substrate. It
feeds on small fish and crustaceans (FROESE &
PAULY, 2018).

It is a venomous species that commonly
reaches between 10 and 30 cm in total length,
with a maximum of 45 cm in the Mediterranean
and between 15 to 20 cm with a maximum of
36 c¢cm in the Black Sea (BAUCHOT and HUREAU,
1986).

It appears to be both common and abundant,
particularly in the eastern Mediterranean. This
species is taken as bycatch in demersal trawl
fisheries and is sometimes marketed. This spe-
cies is likely found in marine protected areas
throughout its range. Therefore, 7. araneus is
assessed as Least Concern (CARPENTER et al.,
2015).
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Limited bibliography is available for 7. ara-
neus focusing mainly on envenomation (BEDINI et
al., 2003; ERYILMAZ et al., 2006; SMITH and WHEEL-
ER,2006; PORTILLO STREMPEL, 2009; ALPARSLAN
et al, 2010, YILDIZ and KARAKULAK, 2018) or
heavy metal contents (CABRERA et al., 1994;
LOPEZ et al., 2000 and BRAMBILLA et al., 2013). Up
to date, no studies were conducted on this trachi-
nid in Algerian waters. The aim of this paper is
to present the maximum total length of the spot-
ted weever 1. araneus documented up to now in
the Mediterranean.

MATERIAL AND METHODS

On the 29" of October 2018, one specimen
of T. araneus (Fig. 1) measuring 47.3 cm in
total length (TL) was captured by trammel net
in Oran Bay (Kristel fishery) (35°49°36.0”N
0°32°30.7”°W), on sandy bottom at a depth of
100 m (Fig. 2). T araneus specimen was meas-
ured to the nearest millimeter and weighted
to the nearest g then photographed. For oto-
liths (Fig.3) measurements an electronic caliper
(Digiroch) was used, unfortunately otoliths were
too thick to be read directly under binocular
microscope to determine the age of 7 araneus
specimen.

The specimen was identified using FAO spe-
cies identification sheets (BAUCHOT and HUREAU,
1986; DJABALI ef al., 1993) on the basis of the fol-
lowing morphological characters: the body elon-
gated and compressed; very small eyes located

Fig. 1. Trachinus araneus (9 47.3 ¢cm TL) caught in Oran
Bay, (Photo: Lotfi BENSAHLA TALET)

near the dorsal profile of the head; very oblique
large mouth, with maxillary extending slightly
beyond the posterior edge of the eye; villiform
teeth; presence of 2 strong venomous spines
on the operculum, 2 spines on the anterodorsal
edge of the orbit and 6 dorsal spines in the first
dorsal fin, the second dorsal fin contains 29 soft
rays and the anal fin counts 27; the back and
flanks yellowish gray, with 9 dorsal brownish
to blackish spots and, beneath the lateral line,
an alignment of large, more or less rounded or
quadrangular spots; black dorsal fin; caudal fin
lined with black and with some dark spots.

100" 050"  0%0° 030" 020" 0118 01110° 000" 00*10°
Spain N
_/(. -~ 0 e
s s
— 1 Mediterranean Sea
Morecco Algeria

36°00° 3600

1550
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Fig. 2. Sampling location of spotted weever (Trachinus
araneus) specimen

Fig. 3. Otoliths of T. araneus caught in Oran Bay
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RESULTS AND DISCUSSION

Measurements and percentage of each body
part and otolith measurements are reported in relation
to total length and are given in Table 1.

Table 1. Morphometric measurements as percentage of
total length (%TL) of Trachinus araneus caught in
Oran Bay, Western Mediterranean Sea

Morphometric characteristic Measurement | Pro-
(cm) portion
(%)
Total length (TL) 47.283 100.00
Fork length (FL) 45.837 96.94
Standard length (SL) 41.21 87.16
Pectoral fin length (LP) 6.992 14.79
Ventral fin length (LV) 3.585 7.580
Pre-ventral fin distance (PVD) 5.623 11.89
Cephalic length (LC) 7.258 15.35
Post-orbital distance (PO1) 5.859 12.39
Eye diameter (O) 0.705 1.490
Post-orbital distance (POD2) 3.084 6.520
Pre-pectoral distance (PPD) 9.861 20.86
Maxillary length (LM) 2.722 5.760
Anal fin length (LA) 27.08 57.27
Pre-anal fin distance (PAD) 11.38 24.07
Minimum body height (TPC) 2.650 5.600
Maximum body height (T) 9.080 19.20
Total weight (TW, g) 0.968 -
Otoliths measurements Right Left
Total length 1.470 1.488
Wide 0.727 0.743
Total weight (g) 0.338 0.345

Comparing our findings to those of MOUTO-
POULOS and STERGIOU (2002), fork length repre-
sented 95.13% from total length and standard
length represented 87.33% of total length of T.
araneus from Greek waters which is close to our
results with fork length representing 96.94%
from total length and standard length represent-
ing 86.16% of total length. In an unpublished
observation for the same species in Philippines,
REYES in FROESE and PAULY, 2018 proportions of
different body parts reported to total length were
the same as our findings except two parameters,

Pre-ventral distance represented 15.3% while
we found 11.89%, and Head length represented
23.4% while we found only 15.35% for 7. ara-
neus caught in Oran Bay.

For Atlantic waters, maximum length record-
ed for 7 araneus was 45 cm (SL) (ROUX, 1990
in QUERO et al., 1990), the same length (standard
length) was assumed by CARPENTER et al., 2015.
Central Mediterranean basin recorded a speci-
men in Greece (Table 2) measuring 39 cm TL
and weighting 490.75 g while in Turkey one
specimen was caught measuring 31 cm and
weighting 230g in 2006 (KARAKULAK et al.,
2006). The maximum length ever recorded for
Turkish and Mediterranean waters (40.8 cm TL
and weighting 758 g) was reported by OZTEKIN
etal., 2016.

Table 2. Maximum length records of Trachinus araneus
given by several authors

Location TL TW(g) References
(cm)

Aegean Sea | 39.0 | 490.75** | MOUTOPOULOS

(Greece) and STERGIOU,
2002

Aegean Sea | 31.0 | 230.00 KARAKULAK et

(Turkey) al.,2006

Gallipoli 40.8 | 758.00 OZTEKIN et al.,

peninsula, 2016

Turkey

North 40%* - HUREAU et al.,

Eastern 1979

Atlantic

Eastern 45% - ROUX, 1990 in

tropical Quéro et al., 1990

Atlantic

Oran Bay 473 968.00 Present study

*Standard lenth (SL)**calculated from LWR (Length
weight relationship)

CONCLUSIONS

The maximum size found for the spotted
weever 1. araneus (47.3 cm, 968 g) caught in
Oran Bay can be considered as a new maximum
length for this species in Algerian and Mediter-
ranean waters.
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Nova maksimalna duzina pauka crnca, Trachinus araneus Cuvier, 1829
(Perciformes: Trachinidae) iz zapadnog Mediterana, zaljev Oran

Lotfi BENSAHLA-TALET i [Ahmed BENSAHLA-TALET |

SAZETAK

Dana 29. listopada 2018. g. ulovljen je jedan primjerak pauka crnca, Trachinus araneus Cuvier,
¢ija je totalna duzina iznosila 47,3 cm, a masa 968 grama. Primjerak je ulovljen na dubini od 100 m
u zaljevu Oran (zapadna alzirska obala).

Ovo je dosada najveca zabiljeZzena duZzina za ovu vrstu u mediteranskom bazenu.

Kljuéne rijeci: pauk crnac, Trachinus araneus Cuvier, maksimalna velicina, zaljev Oran,
Sredozemno more
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ABSTRACT

On the 15™ April 2017, one female specimen of the greater weever, Trachinus draco measuring 44.69
cm in total length and weighting 885 g was captured by trammel net in Oran Bay (Cape Rousseau)
at 120 m depth. Up to date, this length is a new record of maximum length reached for this trachinidae
for Algerian waters and the second maximum length recorded in Mediterranean basin according to
Fischer et al., 1987 observation noted at 45 cm.

Keywords: The greater weever, Trachinus draco, Maximum size, Oran Bay, Mediterranean Sea
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Introduction

The greater weever is a trachinidae found in Eastern Atlantic;
Norway to Morocco, Madeira and Canary Islands, including
the Mediterranean and the Black Sea (Fischer et al., 1987,
FishBase: Froese and Pauly, 2020). Trachinus draco Lin-
naeus 1758 inhabits sandy, muddy or gravelly bottoms, from
a few meters to about 150 m. Rest on the bottom, often buried
with eyes and tip of first dorsal fin exposed (Frimodt, 1995).
The first dorsal fin rays, as well as the spine on the pre-oper-
culum contains venomous spines protecting the species from
predators. During night, the greater weever leaves the burrow
to feed on small invertebrates and fishes (Carpenter et al.,
2015). At night, it also swims around freely, even pelagically
(Muus and Nielsen 1999). T. draco is oviparous, eggs and
larval stages are pelagic (Tortonese, 1986). There are dark
markings along the scales; the anterior dorsal fin is black and
contains venomous spines. Its length is very common be-
tween 10 and 30 cm with a maximum of 45 cm in the Medi-
terranean and common between 15 to 20 cm with a maximum
of 36 cm in the Black Sea (Fischer et al., 1987).

Available bibliography for 7. draco is diversified dealing
with reproduction (Bagge, 2004; Ak and Geng, 2013), Para-
sites (Azizi et al., 2016; Kayis and Er, 2016), lipid content
(Loukas et al., 2010), feeding habits (Santic et al., 2016),
population structure and dynamics (Quigley, 1994; Portillo
Strempel et al., 2008; Buz and Basusta, 2015; Carpenter et
al., 2015; Custovic et al., 2014) but most of them focused on
envenomation and toxin properties (Muir evans 1907; Skeie,
1962; Chahl and Kirk, 1975; Perriere and Michel, 1986;
Halstead and Vinci, 1987; Chhatwal and Dreyer, 1992;
Bouree and Langon, 2002; Church and Hodgson, 2002; Ac-
ciaro et al., 2003; Verdiglione et al., 2003; Berger and
Caumes, 2004; Russell and Emery, 2006; Lopacinski et al.,
2009; Benlier et al., 2010; Portillo Strempel and Ceballos,
2012) and mainly on weight length relationship (Dorel 1986;
Coull et al., 1989; Gongalves et al., 1997; Merella et al.,
1997; Moutopoulos and Stergiou, 2002; Mendes et al., 2004;
Mendes et al., 2006; Ozaydin et al., 2007; Karakulak et al.,
2006; lkyaz et al., 2008; Mata et al., 2008; Ak et al., 2009;
Giacalone et al., 2010; Benmessaoud ef al., 2015; Oztekin et
al., 2016; Ozdemir et al., 2017; Hamed et al., 2016).

In fisheries science maximum length and maximum age are
important theoretical parameters found as entry data in ma-
jority of the models used in stock assessments (Allen, 1971;
Pauly, 1980; Welcomme, 1999; Froese and Binohlan, 2000).

In this context, updating the maximum size of a species har-
vested for commercial or recreational purposes is gaining
more importance (Borges, 2001; Dulci¢ and Soldo, 2005;
Akyol and Sen, 2008). The maximum observed length is a
useful tool for a rapid evaluation of growth rates in the ab-
sence of basic data (Legendre and Albaret, 1991, Froese and
Binohlan, 2000). To date, for Algerian waters no such studies
were leaded on this trachinidae.

Material and Methods

On the 15™ April 2017, one female specimen of the greater
weever, Trachinus draco measuring 44.69 cm in total length
and weighting 885 g was captured by captured by trammel
net operating in Oran Bay (Cape Rousseau: 35°48'45.0"N
0°36'46.8"W) on sandy/rocky bottom at 120 m depth (Fig.

1.

1900° 0°50"  0°40"  0°30° 0°20* 01715 01°10°  00°00"  00°10"

Mediterranean Sea

36°00°F 136%00°

35°50°F

135°50"

35°40°F 435%40°

l“E)O' 0’;0' 0°4l® 0"‘30’ 0‘"20’ 1“‘15’ I°;0' DO"IDO' DO':10'
Figure 1. Sampling location of greater weever (7rachinus
draco) specimen.

The specimen was measured with an electronic caliper to 0.1
mm precision and weighted to the nearest 0.1 g then photo-
graphed. Eighteen morphometric characteristics were meas-
ured (Figure 2): Total length (TL), Fork length (FL), Standard
length (SL), Pectoral fin length (LP), Ventral fin length (LV), 1st
dorsal fin length (LD1), 2nd dorsal fin length (LD2), Cephalic
length (LC), Maxillary length (LM), Post-orbital distance (POD1),
Eye diameter (O), Post-orbital distance (POD?2), Pre-ventral fin
distance (PVD1), Post-ventral fin distance (PVD2), Anal fin
length (LA), Post-anal fin distance (PAD), Caudal peduncle mini-
mal depth (T), Maximum body height (TPC), Total weight (TW).
Description, measurements and percentage of each body part are
reported to total length are given in (Table 1).
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Total length (TL), Fork length (FL), Standard length (SL), Pectoral fin length (LP), Ventral fin length (LV), Cephalic length (LC), Maxillary length (LM),
Pre-orbital distance (POD1), 1st Dorsal fin length (LD1), 2nd Dorsal fin length (LD2), Eye diameter (O), Post-orbital distance (POD2), Anal fin length
(LA), Caudal peduncle minimal depth (T), Maximum body height (TPC), Pre-ventral fin distance (PVD1), Post-anal fin distance (PAD), Post ventral fin
distance (PVD2).

Figure 2. Morphometric measurements of the greater weever Trachinus draco adapted from Fischer et al. (1987).

Results and Discussion

On the 15" April 2017, one female specimen of the greater
weever, Trachinus draco measuring 44.69 cm in total length
and weighting 885 g was captured by trawler operating in
Oran Bay at 120 m depth. Species identification sheets
(Fischer et al., 1987; Djabali ef al., 1993) were used to iden-
tify the specimen of 7. draco (Fig.3) where the body appear
elongated and compressed. Small eyes located near the dorsal
profile of the head; width of the interorbital space roughly
equal to half the diameter of the eye; large oblique mouth, the
maxillary extending beyond the posterior edge of the eye
when the mouth is closed with villiform teeth.

According to Fischer et al., (1987) T. draco has a strong ven-
omous spine on the operculum, 2 spines on the anterodorsal
edge of the orbit and another above the upper lip, in front of
the eye. Two dorsal fins, the first short counting 5 to 7 spines,
the second, long counting 29 to 32 soft rays; anal with 2 Figure 3.Trachinus draco (44.69 cm TL 9) caught in Oran Bay,
spines and 29 to 32 soft rays. Generally, the greater weever is (Photographed by: ADDA NEGGAZ Hichem).
greenish brown back with dark spots on the head, yellowish-

white flanks according to the oblique rows of scales, of

brown, blue, yellow lines; second dorsal fin yellowish, anal

mauve.

|
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Measurements, meristic characteristics, weight and percent-
age of each body part of the greater weever caught in Oran Bay re-
ported to total length are given in (Table 1).

Table 1. Morphometric measurements as percentage of total
length (% TL) of Trachinus draco caught in Oran Bay (W.
Mediterranean Sea).

Morphometric characteristics Measurement Proportion

(cm) (%)
Total length (TL) 44.69 100.00
Fork length (FL) 43.44 97.20
Standard length (SL) 39.30 87.94
Pectoral fin length (LP) 5.76 12.90
Ventral fin length (LV) 3.28 7.360
1% dorsal fin length (LD1) 2.74 6.140
2™ dorsal fin length (LD2) 19.76 44.22
Cephalic length (LC) 7.67 17.16
Maxillary length (LM) 1.41 3.160
Post-orbital distance (POD1) 2.96 6.620
Eye diameter (O) 0.77 1.720
Post-orbital distance (POD2) 5.68 12.72
Pre-ventral fin distance (PVD1) 6.15 13.78
Post-ventral fin distance (PVD2) 2.70 6.060
Anal fin length (LA) 25.70 57.51
Post-anal fin distance (PAD) 2.66 5.950
Maximum body height (TPC) 2.57 5.750
Caudal peduncle minimal depth (T) 8.40 18.80
Total weight (TW) 0.88 -

Meristic characteristics

Operculum spines 2%
Short eye spines 2
1* dorsal fin spines 7 (2*+5)
2™ dorsal fin 32
Pelvic fin 6
Pectoral fins 15
Anal fin 31
Caudal fin 16

*: venomous

According to Portillo Strempel et al., 2008 T. draco showed
a seasonal migratory behavior, with a preference for shal-
lower waters, up to 75 m depth during autumn and for deeper
waters up to 160 m depth, during spring in the northern Al-
boran Sea (SW Mediterranean) which is the case of our spec-
imen captured in April 2017.

Short Communication

The maximum length ever recorded of 7. draco belongs to
IGFA 2001 in the Atlantic Ocean (Canary island, 56cm) and
by Otel (2007) in Danube Delta (53cm) followed by Fischer
et al., 1987 (45cm) in the Mediterranean, all successive rec-
ords are shown in Table 2.

Greater Weever is caught as bycatch in the majority of fish-
eries and landings are declared from the following FAO re-
gions: Northeast Atlantic, Mediterranean and Black Sea. The
overall trend in landings is one of dramatic fluctuations with
a general increase in landings over time (Carpenter et al.,
2015). As stated previously little is known on its ecobiology,
population trends and most of studies focused on its toxins.

In the Mediterranean Sea, the maximum length of 7. draco
were reported as 45 cm TL (n=1124); 36 cm from Black Sea
(Fischer et al.,1987); If we consider to maximum length rec-
orded during our study so this length represents the maximum
length for both Algerian and Western Mediterranean Sea. The
aim of this paper is to present a compilation of maximum
length for T. draco with a new record for the greater weever
caught in Western Mediterranean Sea (Oran Bay).

Wootton 1990; 1999 in Helfman et al. (2009) stated that fac-
tors such as temperature, food availability, nutrient availabil-
ity, light regime, oxygen, salinity, pollutants, current speed,
predator density, intraspecific social interactions, and genet-
ics often working in combination, creating large variations in
size of fishes of the same and different ages, also populations
exposed to high fishing mortality/pressure will respond by re-
producing at smaller average sizes and ages. Generally, in the
Mediterranean and Black Sea where fishing activity is inten-
sive, the maximum length was relatively low (Table 2) 32 cm
in Tunisian waters, 38cm in French waters, 32.9 in Greek wa-
ters, 23 cm in Egyptian waters cm TL.

Contrarily, in oceanic and northern seawaters individuals
doesn’t face the same fishing pressure, maximum length ap-
pears more important with a maximal length recorded in Ca-
nary Islands reaching 56 cm (IGFA, 2001). In this context,
frequenting the eastern part of oranian shoreline an area un-
dergoing a less fishing pressure than the western area (Oran
Bay) (Pers.obs) we can explain that our specimen may have
reached this maximum length observed. Also, we can add the
fact that there is no predator known for 7. draco at the top of
the trophic chain.
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Table 2. Maximum length records of Trachinus draco given by several authors.

Location Depth (m) TL (cm) TW (g) References
Aegean Sea <30 35.2 235.82*  Karakulak et al., (2006)
Saros Bay 28-370 37.0 427.00 Ismen et al., (2007)
Izmir Bay - 34.1 288.99* Ozaydin et al., (2007)
N. Eastern Mediterranean 5-100 20.0 53.18 Sangun et al., (2007)
Aegean Sea 30-70 36.6 365.42*%  Ilkyaz et al., (2008)
Turkey Aegean Sea - 36.6 401.43 Kinacigil et al., (2008)
Eastern Black Sea 60 35.0 549.20 Ak et al., (2009)
Iskenderun Bay 18-19m 20.6 55.84 Gokge et al., (2010)
Eastern Black Sea 60 25.8 131.76 Ak and Geng, (2013)
Iskenderun Bay - 23823)1;4 ;‘3‘342151% Buz and Basusta, (2015)
Aegean Sea 0-400 364  294.00  Oztekin et al., (2016)
Black Sea - 40 - Banarescu, (1964)
Romania Agigea Eforie Nord Area 9.3-12.5 16.5 18-27  Roscaet al., (2010)
Danube Delta - 53.0 - Otel, (2007)
Tunisia Gulf of Tunis - 32.0 236.30 Hamed and Chakroun-Marzouk, (2016)
France Gulf of Gascogne - 38.5 317.97* Dorel, (1986)
Catalan coast 1-80 38.5 375.00 Crec’hriou et al., (2012)
Cyclades, Aegean Sea 4-90 32.5 Erzini et al., (1999)
Greece, Aegean Sea - 32.0 219.03* Moutopoulos and Stergiou, (2002)
Greece Greece, Thermaikos Gulf - 30.5 189.37* Karachle and Stergiou, (2008)
Greece North Aegean Sea 15-800 28.8 149.40 Torres et al., (2012)
Korinthiakos Gulf 50-300 329 206.13* Moutopoulos et al., (2013)
40-80 242 83.90%* Merella et al., (1997)
Balearic Islands 0.5-1713 26.5 125.00 Morey et al., (2003)
Spain - 340 259.64*  Garmon, (2005)
Eastern Atlantic <20 29.5 167.94* Mataet al., (2008)
Alboan Sea 50-164 39.0 - Portillo Strempel et al., (2008)
Eastern Atlantic Ocean 13-55 340 502.06* Gongalves et al., (1997)
Portugal Algarve coast - 39.6 554.10 Santos et al., (2002)
Eastern Atlantic 30-350 39.0 460.00 Mendes et al., (2004)
Egypt Alexandria Bay 30-200 23.0 200.52*  Abdallah et al., (2002)
Croatia Eastern Adriatic - 26.8 330.00 Dul¢i¢ and Kraljevi¢, (1996)
Italy  Sicily 10-200 29.5 169.26*  Giacalone et al., (2010)
Schull Bay - 42.0 510.00 Went, (1973)
Ireland Keem Bay (Co Mayo) - 354 311.00 Quigley et al., (1990)
Ballycotton Bay (Co Mayo) - 38.7 - Quigley et al., (1994)
North East Atlantic 35.0 344.00 Coull et al., (1989)
North Sea/North-East Atlantic - 36.5 352.78* Wilhelms, (2013)
Western Atlantic, Canary island - 56.0 1740.00 IGFA, (2001)
Northern/Central Adriatic - 32.8 - Custovic et al., (2014)
Denmark Kattegat 9.9-27.1 325 M 221.40 Bagge, (2004)
37.6 F 350.20
i ﬁz‘clgesrz anean Sea i ‘3‘2:8 ~ Fischer et al., (1987)
Algeria Oran Bay 120 44.69  885.00  Present study

*Weight calculated from LWR (length weight relationship).
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Conclusion

As conclusion, more efforts and means must be deployed to
explore Oran Bay biodiversity deeply, target large specimens
and try to study fish population’s dynamics and their interac-
tion with different biotopes present in the area (sandy,
muddy, rocky, gravelly).
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ABSTRACT

The blunthead puffer, Sphoeroides pachygaster was first recorded in Algerian waters in 2009 from
Annaba Gulf (Western Mediterranean) caught by a trawler at 150 m depth. Since then the records
show there been no further observations in Algerian waters. In this paper, we report a new record
of S. pachygaster from western Algerian coasts, eleven years after it was first recorded in Eastern
Algeria. Two specimens were caught, the first by an angler in Bousfer beach on 25th January, 2020,
measuring 360.6 mm TL and weighting 2250g and the second by trammel net in “Les Andalouses”
bay measuring 409.5 mm TL and weighting 2420g. Accordingly, we describe biometrical and mer-
istic characteristics, literature, databases and fish collections reviews of this Tetraodontidae, a spe-

cies new to the Western Algerian fish fauna.

Keywords: Puffer, Blunthead, Tetraodontidae, Oran Bay, Algeria, Western Mediterranean

INTRODUCTION

Non-native fauna or flora are organisms found
outside their known area of distribution in
which the Mediterranean Sea is not part of their
original distribution area (UNEP-MAP-RAC/
SPA.2011). Marine environment is continuously
assaulted by anthropic activities pressures
namely habitat destruction, resources over-ex-
ploitation and climate change (Crain et al.,
2008; Halpern et al., 2015). Occhipinti-Ambrogi
& Galil (2010), stated that climate change on its
own facilitates overcoming historic geographic
barriers.

Blunthead Sphoeroides pachygaster is a ma-
rine benthopelagic species living in a depth be-
tween 50 and 480 m (Matsuura and Tyler, 1997)
but usually lives between 50 and 250 m
(Ragonese et al., 1992). Found in all oceans of
central and temperate latitudes (Shipp, 1974 in

Carpenter et al., 2016) it is also the most
wide-ranging species in the genus Sphoeroides
(Shipp, 2002). This family shares with its near
relatives, the diodontidae, the ability to inflate,
probably for protection from predation (Martin
and Drewry,1978). It inhabits sandy, muddy and
rocky bottoms (Schneider, 1990) and young
specimens are pelagic (Robins and Ray, 1986).
S. pachygaster feeds mainly on squid (Smith
and Heemstra, 1986), cuttlefish, octopus, but
also feeds on small bony fish (Psomadakis et al.,
2008). Juveniles of S. pachygaster are known to
be pelagic whereas adults prefer benthic habi-
tats such as sandy, muddy, and rocky bottoms
(Robins and Ray 1986; Tortonese, 1986). In gen-
eral, Tetraodontidae are capable of inflating
their abdomens with water when frightened or
disturbed and are capable of producing and
accumulating toxins such as tetrodotoxin and
saxitoxin in the skin, gonads, and liver. The de-
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gree of toxicity varies by species, and also according to geo-
graphic area and season (Allen and Erdmann, 2012). Noguchi
and Arakawa (2008) consider blunthead puffer as weakly toxic
while in the Mediterranean, it is considered non-toxic (Ragonese
and Morara 2012). Little is known about reproduction and other
life history aspects of this species.

Sphoeroides pachygaster is not directly targeted by fishing gears
but can be a by-catch of semi-industrial fishing, purse seines,
trawls, gillnets, bottom longlines, drifting longlines. Shao et al.,
(2014) stated that it is a least concern species on the IUCN Red
List (ver 3.1) and that although it may be subject to high discard
mortality when taken as bycatch in some fisheries, there do not
appear to be any major threats and there are no recorded popu-
lation declines.

A review of available literature showed that a reduced number of
articles dealt with this Tetraodontidae: Ishizaki et al., (2006); Vel-
la et al., (2017) on molecular identification, Carlucci et al., (2019)
on isolation of glycoconjugates, Nagashima et al., (2018) on tox-
icity, Ragonese and Morara (2012); Peatman et al., (2017) on by-
catch; Cammilleri et al., (2019) on parasites. The remaining avail-
able documentation focused on occurrence all around the world:
Wirtz et al., (2017) in Ascension Island (South Atlantic Ocean);
Sampaio et al., (2001) in Brazilian waters; Gilhen et al., (1985) in
Canadian waters; Hanel and John, (2014) in Cape Verde islands;
Quero et al,, (1991; 1998); Bearez et al., (2017) in Atlantic French
waters; Wheeler and Van Oijen, (1985); Quigley and Flannery,
(1992; 2004) in Irish waters; Shinohara et al., (2009, 2011, 2014) in
Japanese waters; Duffy and Ahyung, (2015) in New Zealander
waters; Okan and Aydin, (2017) in Turkish waters; Edwards and
Glass, (1987) in Saint Helena Island (South Atlantic Ocean).

In the Mediterranean basin, the first occurrence of this Tetra-
odontidae was observed for the first time in 1979 (Oliver, 1981)
near the Balearic Islands, since then the blunthead puffer has
spread through the western Mediterranean as a new environ-
ment; in the western basin it was recorded first in the early ‘90s in
Tunisian waters Bradai et al., (1993) then in Algerian waters Hemi-
da et al., (2009). in central Mediterranean, it was recorded first in
Italian waters Tursi (1992); then in Croatian waters Dulcic (2002);
Slovenian waters Lipej et al., (2013) and Libyan waters Shakman
et al.,, (2017). The occurrence of S. pachygaster in eastern Medi-
terranean was noticed lately, first in Turkish waters Erilmaz et al.,
(2003); then in Greek waters Peristeraki et al., (2006); in Syrian wa-
ters Rahman et al., (2014); Egyptian Farrag et al., (2016) bottom
trawl; and Lebanese waters Crocetta and Bariche in Gerovasile-
iou et al., (2017). Except observation of Hemida et al., (2009), in
eastern Algeria (Annaba) up to date, no works or new occurrenc-
es were reported on this Tetraodontidae for Algerian water this
last decade.

Here, we report the first confirmed record of the blunthead,
Sphoeroides pacygaster from the Oran shoreline and the second
for Algerian waters. This record is also an additional data for the
entire Mediterranean basin to help with monitoring and manag-
ing invasive species newly established.

MATERIALS AND METHODS

On January 25%, 2020 a blunthead puffer (Fig.1) was caught by an
angler in Bousfer Beach (35°43'33.17”"N 0°50'56.5"W) at 300 m
from the shoreline at a depth of 10 m using squid as bait. The
second specimen was caught on May 5%, 2020 in “les Andalous-
es” Bay (35°45'36.1”"N 0°53'58.7"W) by trammel net at 120 m
depth but the specimen was in a deteriorated (dried out) condi-
tion. The two fishermen reported the specimens and donated
them to our team composed of researchers from university
Oran1 Ahmed BENBELLA and marine ecology association mem-
bers (BARBAROUS). Morphometric and meristic characteristics
were taken.

Scm

Figure 1. Caught specimen of Sphoeroides pachygaster
reported in this study (36.06 cm TL) caught in Oran
Bay, Algeria (Photographed by L. Bensahla-Talet).

Measures were carried out using a caliper to the nearest 0.01
mm. Three meristic characters and thirteen morphometric char-
acteristics (Fig.2) were measured: total length TL; standard length
SL; preocular POD1; eye diameter ED; post ocular POD2 dis-
tance; post ocular POD3 distance; dorsal fin length DFL; pectoral
fin length PFL; Inter orbital distance (IOD); Body thickness (BT);
maximum body height Hmax; minimum body height Hmin; Cau-
dal width (CFW).

Figure 2. Morphometric measurements of the blunthead
puffer Sphoeroides pachygaster caught in Bousfer
Beach.

RESULTS AND DISCUSSION

Specimen morphological characteristics were in accordance with
those described by Shipp (1974) for blunthead Sphoeroides
pachygaster, the body was entirely smooth; pigmentation mostly
uniformed, except for a few dark spots on the flanks. Also, this
species differs from other species of Sphoeroides genus by hav-
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ing no spinules or spines on the body. Morphometric measure-
ments are presented in Table 1.

Table 1. Morphometric (in cm) and meristic characters
of analyzed specimen of blunt head
Sphoeroides pachygaster from the western
Algerian costs (Oran Bay).
Length % of Length % of
Measurements 1) TL (mm) TL
Total length (TL) 384.00 100.00 409.50 100.00
(Sstf)"dard et 34240 8917 35640  8.70
Preorbital distance
(POD1) 55.78 14.53 54.92 1.34
Eye diameter (ED) 23.60 6.15 24.40 0.60
Post orbital dis-
tance (POD2) 43.42 11.31 39.41 0.96
Post orbital dis-
tance (POD3) 178.28 46.43 187.84 45.87
Inter orbital dis-
tance (I0D) 66.40 17.29 55.65 13.59
pocVAiEkuEzs 11534 3004 10406 2541
(BT)
Pectoral fin length
(PFL) 51.29 13.36 62.70 15.31
Dorsal fin length
(DFL) 36.98 9.63 24.04 5.87
Hmax 126.03 32.82 113.6 27.74
Hmin 15.94 415 17.56 4.29
Caudal fin width
57.26 14.91 55.21 13.48
(CW)
Meristic characters
Dorsal fin rays 8
Anal fin rays 8
Pectoral fin rays 14

Streftaris and Zenetos (2006) included Sphoeroides pachygaster
in the list of the 100 “Worst Invasives” in the Mediterranean com-
ing from the Atlantic Ocean; characterized by a fast spread
(Ragonese et al., 1997; Psomadakis et al., 2008; Lipej et al., 2013).
In the Mediterranean basin, the first occurrence of this Tetra-
odontidae was observed for the first time in 1979 (Oliver, 1981)
near the Balearic Islands, since then the blunthead puffer has
spread through the western Mediterranean as a new environ-
ment; in the western basin it was recorded first in the early '90s in
Tunisian waters Bradai et al., (1993) then Cherif et al., (2010);
Enajjar et al., (2015) then in Algerian waters Hemida et al., (2009).

The majority of records concerning this invasive species (Figure
3) were made in central Mediterranean, first in Italian waters Tursi
(1992); Arculeo and Riggio (1994); Ragonese et al., (1997); Bedini
(1998); Ligas et al., (2007); Psomadakis et al., (2008); Giordano et
al., (2012); Carbonara et al., (2017) then in Croatian waters Dulcic
(2002); Slovenian waters Lipej et al., (2013) and Libyan waters

Shakman et al., (2017) but established population seems to be
concentrated between Italian waters and Malta (Ragonese et al.,
1997, Sciberras and Schembri 2007; Ragonese and Morara 2012,
Evans et al., 2015).

Luxembourg

= T

=

JF i F°
~

Algeria

Figure 3. Map showing countries in the Mediterranean Sea
where Blunthead Sphoeroides pachygaster has
been recorded (1-first record in the Mediterranean,
2b-new record in Oran Bay in red). (d-maps.
com®2020 adapted). 1) Oliver,1981, 2a) Hemida et
al.,2009, 2b) Present study, 3) Bradai et al., 1993, 4)
Cherif et al., 2010, 5) Enajjar et al., 2015, 6) Shakman
et al.,, 2017, 7) Sciberras and Schembri, 2007, 8)
Evans et al., 2015, 9) Farrag et al 2016, 10) Crocetta
et al 2017, 11) Rahman et al., 2014, 12) loannou et al
2009 in Katsanevakis et al., 2009, 13) Erilmaz et al.,
2003, 14a) Erguden et al in Elefteriou et al., 2011,
14b) Erguden et al in Elefteriou et al., 2011, 15) Akyol
and Aydin 2017, 16a) Peristeraki et al 2006, 16b)
Peristeraki et al 2006, 16c) Peristeraki et al 2006, 17)
Dailanis et al., 2016, 18) Dulcic,2002, 19) Lipej et
al.,2013, 20) Tursi, 1992, 21) Arculeo and Riggio, 1994,
22) Ragonese et al., 1997, 3) Bedini, 1998, 24) Ligas
et al 2007, 25) Psomadakis et al., 2008 , 26) Giordano
et al 2012, 27) Carbonara et al., 2017.

The occurrence of S. pachygaster in eastern Mediterranean was
noticed lately, first in Turkish waters Erilmaz et al., (2003); Ergud-
en et al in Elefteriou et al., (2011); Akyol and Aydin (2017), then in
Syrian waters Rahman et al., (2014); Greek waters Peristeraki et
al., (2006); Dailanis et al., (2016); Egyptian Farrag et al., (2016);
and Lebanese waters Crocetta and Bariche in Gerovasileiou et
al., (2017). Except observation of Hemida et al., (2009), up to
date, no works or new occurrence were reported on this Tetra-
odontidae for Algerian waters.

In a recent study, Kleitou et al., (2020) noticed that a large number of
pufferfish species (Diodontidae and Tetraodontidae) have invaded
or expanded their ranges in the Mediterranean Sea. Golani et al.,
(2002) supported the hypothesis that the blunthead puffer entered
the Mediterranean from the Atlantic Ocean via Gibraltar Strait given
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that most of the records were recorded from the western and cen-
tral Mediterranean regions. Coll et al.,, (2010) characterized the
semi-enclosed Mediterranean Sea as a basin “under siege” at the
forefront of ecosystem alterations, facing human pressures. The
spread of non-indigenous species these last year’s causes an in-
creasing impact over time, resulting in changes in trophic flows, in-
teractions between native and non-indigenous species and biodi-
versity loss and/or changes (Galil, 2007; Corrales, 2019).

Global warming was already mentioned in several regions of the
world (Walther et al., 2002; Parmesan, 2006; Gonzéalez-Lorenzo et
al., 2013). Santos et al., (2012) observed a change in species distri-
bution around the Canary Islands related to an increase in sea sur-
face temperature (SST) this thirty years with records of tempera-
tures over 24 °C. in the Mediterranean basin. Moullec et al., (2016)
concluded the same phenomenon and deducted that tempera-
ture has a major direct effect on the physiology, growth, reproduc-
tion, recruitment and behavior of poikilothermic organisms such
as fish. It is clear that the warming of the Mediterranean Sea now-
adays affects the fitness of marine biota as already shown by re-
cords of changes in abundance, survival, fertility, phenology and
the most important species migration (Quero et al., 1998, Dul¢i¢
2002, Marba et al., 2015). Data available from online biogeograph-
ic information databases contain between 2,435 (GBIF,2020) and
(OBIS,2020) 2900 georeferenced records with a majority around
the Australian continent and Eastern Atlantic which let us suppose
that migration of this invasive species initiated from the West Afri-
can coastline to reach the Mediterranean basin.

CONCLUSION

We concluded that citizens have contributed and still contribute
to the detection of non-indigenous species in Algerian waters via
social media as it is the case of our study which is an efficient tool
already tried in other regions of the Mediterranean (Giovos et al.,
2019; Kleitou et al., 2019; Kousteni et al., 2019). We believe that
eco-citizen concept coupled with NGO efforts can surely con-
tribute to enrich future databases of alien marine species and
cover all Algerian coastline to detect, manage and monitor this
biological invasion harmful to aquatic biodiversity.
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Two specimens of round sardinella, Sardinella aurita Valenciennes, 1847, with a total length of 39.1
and 36.6 cm and a weight of 359.01 and 293.48 g, respectively, were caught by a purse seine net
in Bouzedjar Bay, Algeria, on 8 August, 2019. These sizes of both specimens are the maximum
recorded for this species in the Mediterranean Sea.

Keywords: round sardinella, Sardinella aurita, maximum size, measurements, Bouzedjar Bay, Algeria,
Mediterranean Sea

Sardinella aurita Valenciennes, 1847 is a coastal, pelagic species preferring clear saline water
with a maximum temperature below +24 °C (Bianchi et al., 1999). The species is distributed from in-
shore and near surface to the shelf edge and down to 350 m in the Eastern Atlantic along African coast
from Gibraltar to South Africa; in the Mediterranean Sea, but is rare in the Black Sea; and in West-
ern Atlantic (Cape Cod to Argentina) including Bahamas, Antilles, Gulf of Mexico, and the Caribbean
coast (Whitehead, 1985). It mainly feeds on zooplankton, especially copepods. Juveniles feed on phy-
toplankton (Bianchi et al., 1999). Gregarious; forms schools that migrate seasonally related to water
temperature and richness in plankton. Growth is rapid, and young individuals can reach about 11 cm
during their first year of life (Dahel et al., 2016). It breeds perhaps all year round; the breeding pattern
is extremely complex, with two principal spawning periods in some areas linked to upwelling regimes
off West Africa (Whitehead, 1985), while in Algerian waters one single period was noted June to Octo-
ber (Bouaziz, 2007). In the Black Sea, there is no spawning (Whitehead, 1984). Maturity occurs during
the second year; batch fecundity is estimated at 9,397-176,712 eggs in Eastern Atlantic (Baali et al.,
2021) and 11,680-40,348 eggs in central Algerian waters (Bouaziz, 2007). Maximum age of S. aurita
is estimated in the range from 4.5 years in Congolese waters (Ghéno, 1975) to 8 years on Brazilian
coast (Richardson et al., 1960). It can be caught with purse and beach seines, lamparos, bottom gillnets,
and bottom and pelagic trawls.

Herrings, sardines, and anchovies make up a major part of the total fish species landed in the Mediter-
ranean Sea (44.3 %) and Black Sea (73.2 %) fisheries (FAO, 2020). For Algerian waters, S. pilchardus
accounts for 59 %, and S. aurita accounts for 22 % of the total Algerian catch (DPRH, 2019).
We have to mention that the third species, Sadinella maderensis, occurs in the fishing area and can
easily be confused with two other sardines. Tous et al. (2015) noticed that landing statistics are not
comprehensive due to inconsistent reporting of landings, and S. aurita catches are often mixed
with S. maderensis ones.
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MATERIAL AND METHODS

On 8 August, 2019, two large Clupeidae specimens were caught by a seiner at 100-m depth in Bouzed-
jar Bay (35°34'24.0”N, 1°09’58.9”W) on the western Algerian coast. FAO identification sheets (White-
head, 1985) were used to identify the specimens as Sardinella aurita (Fig. 1). Counts and propor-
tional measurements were carried out using a caliper to the nearest 0.01 mm. Twelve morphometric
characteristics were measured (Table 1).

Photo L Bensahla-Talet 2019

Fig. 1. General view of two Sardinella aurita specimens, total length of 39.10 cm and 36.57 cm, caught
in Bouzedjar Bay (the Mediterranean Sea)

Puc. 1. OOumii Bua nByx ocobeit Sardinella aurita, obumas nmHa 39,10 cm u 36,57 cM, moMMaHHBIX
B 3amBe bysemxap (CpeauzeMHOe MOpe)

RESULTS AND DISCUSSION

Data on morphometric measurements of the specimens studied are shown in Table 1.

The maximal length ever recorded for S. aurita was 41 cm for fish caught on the Mauritanian shelf
of the Eastern Atlantic (Thuoc & Szypula, 1973) (Table 2). For the Mediterranean basin, it was stated
as follows: this Clupeidae could attain 33 cm, with a common length between 15 and 25 cm (Fischer et al.,
1987). The largest known S. aurita specimen in the Mediterranean Sea, measuring 36 cm, was caught
in Greek waters (Moutopoulos et al., 2013). We found two S. aurita specimens in purse seine catches
from Algerian waters, making this observation a new record for both Algerian and Mediterranean waters
and the second one after reported from Eastern Atlantic.

Maximal length of S. aurita varied 19.7 to 27.0 cm in the Western Atlantic, 30 to 41 cm in the East-
ern Atlantic, and 25.5 to 39.1 cm in the Mediterranean basin. The differences in the maximum length
observed can be attributed to environmental conditions and fishing pressure. Helfman et al. (2009) stated
that individuals from populations exposed to high fisheries mortality/pressure will respond by reproduc-
ing at reduced average sizes and ages. Our specimens demonstrated that this species can grow beyond
maximum length data available in literature despite the fact that the specimens were caught in such
an important fishing activity area as Bouzedjar Bay (Bensahla-Talet et al., 2019).

Environmental factors, such as temperature, food availability, nutrient availability, light regime, oxy-
gen, salinity, pollutants, current speed, predator density, intraspecific social interactions, and genet-
ics, are also known to affect growth rates and maximum size (Helfman et al., 2009), but in our case
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two specimens sampled are insufficient to link these environmental factors to the largest length ob-
served. Nevertheless, it is to be added that producing large specimens is due to the richness of Algerian
waters generated by Algerian current which is considered to be the most energetic in the Mediterranean
basin (Salas et al., 2001). The entrance of Atlantic waters through the Strait of Gibraltar generates im-
portant upwellings, enhancing the development of plankton first link of the aquatic food web (Bensahla-
Talet et al., 2017), and primary production reveals a west—east decreasing trend (Bosc et al., 2004 ;
Siokou-Frangou et al., 2010).

Table 1. Morphometric measurements of Sardinella aurita caught in Bouzedjar Bay (the Mediter-
ranean Sea)

Taosuma 1. Mopdomerpudeckue usmepenus Sardinella aurita, BoutobnenHon B 3anuse Bysemxkap ( Cpe-
JTU3eMHOE MOpe)

Morphometric characteristic, cm Specimen 1 % of TL Specimen 2 % of TL
Total length (TL) 39.10 100.00 36.57 100.00
Fork length 34.51 88.27 31.88 87.18
Standard length 33.68 86.13 31.13 85.12
Pre-orbital length 1.67 4.26 1.62 4.43
Eye diameter 1.53 3.92 1.42 3.88
Post-orbital length 3.99 10.20 3.45 9.43
Head length 7.16 18.31 6.45 17.64
Dorsal fin length 4.92 12.58 4.24 11.59
Anal fin length 3.77 9.65 3.66 10.01
Pectoral fin length 5.09 13.02 4.78 13.07
Minimum body height 2.27 5.81 2.20 6.01
Maximum body height 6.81 17.42 6.72 18.38
Total weight, g 359.01 - 293.48 -

Table 2. Maximum length of Sardinella aurita in the Western and Eastern Atlantic and Mediterranean Sea
given by several authors

Tab6umma 2. MakcumanbHas nmuHa Sardinella aurita B 3anagHoit u Boctounoii Atnantuke u B Cpeau-
3eMHOM MOpE 10 JIAHHBIM HECKOJIKUX aBTOPOB

Location TL, cm References
USA Gulf of Mexico 19.7 Johnson & Johnson, 1986
Weste?n Northeastern 26.6 Barrios et al., 2010
Atlantic Venezuela ’
- 27 Fréon & Mendoza, 2003
Morocco Dakhla 35.5 Amenzoui & Baali, 2018
Eastern Mauritania Rio de Oro — Cap Verde 41 Thuoc & Szypula, 1973
Atlantic Senegal Port Kafoutine — St Louis 37 Baldé, 2019
Cote d’Ivoire Cote d’Ivoire shelf 30 Marchal, 1993
Mediterranean - 33 Fischer et al., 1987
Egypt Alexandria 26 Akel, 2009
. Turkey Izmir Bay 28.5 Bayhan & Kara, 2012
Medltse:;anean Greece Corinthians Gulf 36 Moutopoulos et al., 2013
Bou Ismail Bay 31 Bouaziz, 2007
Algeria Eastern Algeria 25.5 Dahel et al., 2016
Bouzedjar Bay 39.1 Present study

Mopckoii 6uosnornueckuii xkypHain Marine Biological Journal 2021 vol. 6 no. 3



32 L. Bensahla-Talet and A. Bensahla-Talet

Maximum length, weight, and age are the key indicators used in fisheries science. These data are ap-
plied in most models for stock assessment. Therefore, updating maximum length of an exploited species
is important, and our results could constitute a starting point for further studies on factors that affect
growth and/or longevity of other species.
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Abstract. Marine anthropogenic litter is one of the most important environmental problems that affect directly and indirectly all marine ecosystems.
Aot of efforts are made to reduce the litter pollution in oceans, and, in this way, to reduce their negative effects on the marine biota. This study provides
information about the quantities of marine litter found on 10 beaches situated along the occidental coast of Algeria. A total of 14537 items were collected
throughout Ain El Turk beaches. From this litter, 93% were plastics and the remaining 7% were represented by rubber, glass and metal. The results highlight
a heterogeneous distribution along the coastal beaches, with higher concentrations at some beaches rather than others, as well as the west coast, which
seems more affected compared to the east coast. We notify that the litter has the tendency to accumulate in the upper levels of the beach, which confirms
that these beaches are exposed to litter from land-based sources rather than from maritime activities.

Key words: Pollution, Macro-litter, Coastline, Beaches, Oran Bay

1. INTRODUCTION

Marine litter is a human-created waste, transported by
wind and rivers into the sea and on beaches. It is defined as
“any persistent, manufactured or processed solid material
discarded, disposed of or abandoned in the marine and
coastal environment” (UNEP/PAM/MEDPOL, 2009). The
problem of plastic waste first appeared in the 1950s, when
massive production of plastic began, and then it became
one of the most significant global environmental problems.
Plastics are a major component of this waste dumped in
the environment; it becomes the dominant category of
litter present especially in the marine environment. Plastic
debris has been detected in all major marine environments

worldwide, from shorelines and surface water to the deepest
parts of the ocean, even at the bottom of the Mariana Trench
(WWEF, 2018). The UNEP/WHO/IAEA (1988) report estimates
that only 15% of the waste is floating on the surface of the
sea, 15% is hovering in the water column, and 70% is on the
sea bottom. Since 2000, the world has produced as much
plastic as all the preceding years combined (WWF, 2019).
Beaches are subject to several threats both from land and
from the sea, the Joint Group of Experts on the Scientific
Aspects of Marine Environmental Protection (GESAMP, 2019)
estimating that land sources account for up to 80% of world
sea pollution, of which 60% to 95% is plastic waste (Kurtela &
Antolovi¢, 2019). Fishing activities (Tschernij & Larsson, 2003),
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marine traffic (Mato et al., 2001; Moore, 2008) and recreational
coastal activities (Gregory, 1996; Bravo et al., 2009) are also
important sources of coastal and marine litter.

The versatility of plastic materials has resulted in a
substantial increase in their use. The global production
of plastics has increased from 5 million tons/year (1950s)
to nearly 300 million tons/year in 2013 (Andrady & Neal,
2009; Lechner et al., 2014). Geyer et al. (2017) estimated
that, until 2015, 8300 million metric tons (Mt) of virgin
plastics have been produced and 6300 Mt of plastic waste
have been generated, 9% of which had been recycled, 12%
was incinerated, and 79% was accumulated in landfills
or natural environments. In 2016, the global average
production was 335 million tons, from them between
33% and 50% was designed to be non-reusable (Crawford
& Quinn, 2017; Alimba & Faggio, 2019). These plastic
materials can be found into a vast range of products that
bring numerous societal benefits, especially in healthcare,
agriculture, transport, construction and packaging
(Plastics Europe, 2016). About 50% of these materials
is in the form of such products as plastic bags, drinking
bottles, cutlery, straws, ear sticks etc., which are discarded
after a single use (Nerland et al., 2014). In 2002, 58% of the
debris collected in the International Coastal Cleanup was
attributed to shoreline and recreational activities (Allsopp
et al., 2006). Work in the Northern area of the South China
Sea also found that most floating and beached plastic
debris originated from coastal recreational activities and
land-based sources (Lee et al., 2013).

Macroplastics typically refer to items larger than 20 mm
(Arthur et al., 2009). Depending on the size, plastic litter is
classified generally as nanoplastic (<1 pm), microplastic (1 um
- 5mm), and macroplastic (>5 mm) (SAPEA, 2019), while other
studies describe debris > 5 cm as macroplastics (Van Emmerik
et al., 2018). Due to the high visibility of plastic material and
its contamination in the environment, the macroplastics may
be perceived as one of the most disturbing forms of plastic
pollution, as well as micro and nanoplastics (Thompson &
Napper, 2019)

Most studies on marine plastic debris have focused
on its occurrence in coastal waters and open ocean areas.
Researching macro-debris on beaches uses different
approaches (Hidalgo-Ruz & Thiel, 2015), and relevant studies
typically range froma local (Lee et al., 2013) to a regional scale
(Bravo et al., 2009) covering a broad temporal range. Research
by Barnes et al. (2010) found that macroplastics have spread
to uninhabited areas, such as Antarctica, where they found
a plastic cup and two fishing buoys in the Dumont d'Urville
and Davis seas, as well as two pieces of plastic packaging and
a fishing buoy in the Amundsen Sea.

Pollution produced by macroplastics has become a
problem of global concern, so due to the importance that
the government program gives to touristic development, the
control of this problem becomes essential to manage and

conserve these spaces. If tourism is one of the sectors that
suffer from this pollution, it is, on the other hand, one of the
main incriminated factors.

To increase awareness of this pollution and obtain new
scientific information at a national level, the paper presents
a characterization of the pollution by macroplastics on the
beaches of western Algeria. The aim of the present study
was to determine the composition and spatial distribution
of plastics on the beach; there were investigated regional
distribution, composition, and abundance of plastic items
in order to improve marine governance, awareness and
ecosystem health.

2. MATERIAL AND METHODS

The current study was performed on the shores of Ain
El Turk Bay, which is located about fifteen kilometers west
of the wilaya of Oran (Fig. 1). It is a highly coveted area by
summer visitors who come to enjoy its extraordinary natural
landscapes. The Bay of Ain El Turk opens to a length of about 8
km, between Cap Falcon in the north-west and the tip of Saint
Roch in the south-east. The contact between sea and land is
ensured by a discontinuous line of shallow sandy beaches
covering a rocky substratum, at the foot of a modest slope,
which does not rise above 15 m. These slopes form the edge
of a large sand-limestone shell-shaped frame, to some extent
encrusted, covering a plateau that extends south to the schist
formations on the northern slope of Murdjadjo Mountain.
The submarine topography slopes quite steadily down to
the isobath of -50 m. The continental shelf then plunges into
the abyss, which carves out an important underwater valley
(Ghodbani, 2009; Ghodbani & Semmoud, 2010).

The data analyzed in this study were collected on ten
(10) beaches of Ain El Turk Bay in the western region of
the Algerian coastline (Fig.1). To identify the characteristic
distributions of litter accumulated on the selected beaches,
the identification, the description and the counting
were carried out in situ, manually, following European
methodology (Cheshire etal., 2009; Hanke et al., 2013) for the
assessment of marine litter. All ten beaches were sampled
on a single occasion, between March and April 2019. For
each beach, a fixed section was delimited, covering the
whole area between the water line to the beach backshore
over a length of 100 m. Sampling was always performed
at low tide, recording all macro-litter items (>5 cm). This
procedure was repeated until the sea line was reached, and
the entire sampling area was covered.

3. RESULTS AND DISCUSSION

In this study, ten (10) beaches were selected according
to substratum similarity and exposition to the same marine
currents: a total of 14537 items were collected and the
number of recorded items varied between 245 in Claire
Fontaine to a maximum of 3472 in La Madrague beaches
(Fig. 3). It seems that beach litter mainly originates from
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Fig. 1. Location of study sites.

Fig. 2. Litter pollution.

anthropic sources, tourism and river inflow. The results are
presented in a global way by comparing all the sampled sites
with each other, regarding the concentrations of macro-litter
as number, then according to the categories of plastics found.

Four beaches presented very low densities (<0.05 items/
m32): Trouville, Bouisseville, Paradis and Claire Fontaine. The
beaches presenting highest density of litter (> 1 item/m2)
were Saint Roch, Saint Germain, Beau Séjour, Les Dunes, Cap
Falcon and La Madrague.

Plastic is the dominant component found on the beaches
(Table 1). In the studied area, it was observed that plastics
represent 93% of all beached litter items found, this being
confirmed by a project carried out by the European Regional
Development Fund in 2016-2018 and published in January
2021. Within these plastics, the most prevalent litter type
found was food wrappers, followed by plastic bags. Three
types of polymers have been identified as those commonly
used in the plastic items: polyethylene (PE), polypropylene
(PP) and polyethylene terephthalate (PET).
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Fig. 3. Concentration of macro debris in number per beach.

Table 1. Most common macro-litter collected from the beaches.

Items Count
Plastic beverage bottles
Food wrappers

Plastic bags

Other

Frequency (%)

8893 61.48 Polyethylene (PE), Polypropylene (PP)

Plastic type usually used in the items

Litter densities are related to the closeness of urban
centers, and the beach characteristics, such as the slope,
vegetation and the type of shore (Table 2). On the studied
beaches, the abundance of plastic litter was found positively
correlated with the type of shore. Some sedimentary types
are considered being more prone to marine litter then others,
as observed on Cape Falcon and La Madrague beaches, which
have a rocky nature in their composition.

Three beaches presented the highest densities (> 1 item/
m2): La Madrague, Cap Falcon and Saint Germain (Fig. 4).

The first two sites are rocky in nature, which has allowed
the installation of many illegal constructions that discharge
debris in the form of domestic waste. The surfaces of the
beach of Beau Séjour and that of the Dunes are very close,
however, the Dunes beach is far from being as polluted as
it is Beau Séjour beach; the reason is the urbanization of
Beau Séjour which is more important than that of the Dunes.
The beaches presenting low densities (< 0.5 items/m?2) are:
Trouville, Bouisseville, Paradis and Claire Fontaine.

Table 2. Variation of plastics beach densities depending on the type of shore.

Plastics (%)
Saint Roch
Trouville
Bouisseville
Paradis
(laire Fontaine
Saint Germain
Beau Séjour
Les Dunes
Cape Falcon

La Madrague

Size (cm) Type of shore

I O
sandy,bouder

sandy, boulders

>15

pebbles, boulders, cliffs
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Fig. 4. Concentration of macro-litter in number per 10 m2 of beach.

For a better representativeness, the results were brought
back to the same scale of comparison and presented in Figure
4, which highlights the concentrations of macro-litter per 10
m2 of surface. The concentrations vary from 3 items in Paradis
and Claire Fontaine to 165 at La Madrague. The plastic waste
collected on La Madrague beach showed a significantly
higher average over an area equivalent to the remaining
beaches. Saint Germain and Cap Falcon beaches follow with,
respectively, 30 and 29 macro debris per 10 m2. Saint Roch and
Beau Séjour showed similar concentrations with, respectively,
12 and 11 macro debris on the same surface. The significant

pollution recorded at La Madrague can be attributed to the
presence on the site of an open landfill where the inhabitants
of the area dump their domestic waste.

At the various sites, among all the debris collected (macro
debris), it should be noted that plastic debris made up nearly
90% of the total number, the other types of macro debris
consisted mainly of rubber, glass and metal. The general
composition of macro-litter showed the preponderance of
food packaging, which was always the most represented
category (61%) (Fig. 5).
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Fig. 5. Types of litters collected.
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This food packaging litter comes from the waste rejected
mainly by the inhabitants of the area, where plastic bags and
bottles reached 33%. Considering the other categories, such
as containers, care products, baits, lollipop sticks and straws,
they reached the proportion of 6%. What was noted during
this study is that these beaches are exposed to litter coming
from land rather than from maritime activities, and this is due
to the rapid urbanization that this area is experiencing, which
causes a great damage.

4. CONCLUSIONS

According to the Bouroumi 2014 Report, Ain el Turk
is a city that is already 90% urbanized. Uncontrolled and
unsuitable urbanization of the Oran corniche has negatively
transformed the formerly popular, natural space. In Algeria,
even though coastal areas are regulated by coastal law
(02-02) of February 5th, 2002, urban planning and regional
planning law (90-29) of December 1st, 1990 and state law
(91-454) of November 2314, 1991, unfortunately, they did not
prevent from suffering a lot of damage. The concentration of
population in coastal areas is one of the direct consequences
of the establishment of industrial zones in this sector, and the
direct cause of the pollution by macroplastics.

During the investigations, intra-site spatial variations were
observed, and a tendency for litter accumulation in the upper
levels of the beach was noted, in accordance with the results
of other studies carried out notably in Australia (Plastics

Europe, 2015), and in the Gulf of Oman (Cleareboudt, 2004).
This would therefore imply pollution mainly of land origin,
caused by beach users whose activities are concentrated in
the upper parts of the beaches. There were also noticed a
heterogeneous distribution along the coastal beaches with
a high concentration at La Madrague; these differences are
due to tourist activities and to the density of the population.

The west shore of the coast has a proven dominance
in the concentration of plastic debris compared to the east
coast, and this is due to the high density of its population
and to the path of marine currents caused by winds,
without forgetting the shape of the bay of Ain El Turk, which
influences the dispersion of plastic debris. The current caused
by the westerly wind is blocked by I'Aiguille off Oran Cape,
which turns it into an easterly current and the water carries
a considerable quantity of debris towards the beaches of Ain
El Turk.

This study constitutes a preliminary work that can serve
as a premise for a more in-depth study concerning a larger
number of beaches in Algeria. However, this study has
the merit of demonstrating the urgency of the situation
regarding the pollution of western beaches. This pollution
could, in the short term, destroy biodiversity, but also affect
the tourist activity of the region, with tourists who could
turn away from those beaches in favor of other destinations.
Therefore, awareness-raising campaigns should be carried
out, to reach the citizens.
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