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Abstract

Posidonia oceanicdas a Mediterranean endemic species that forms dense and extensive
meadows, providing important ecological functions and services and supporting a rich and

diversified community, including species of economic interest.

Despite its important, he seagrassPosidonia oceanicameadows distribution and
characterisatiorwere poorly documented and scarcely studied in the southern part of the
Mediterranean kmn, trough the Algerian coasts. Howeyan the last few years, there has
been a little growing interesb tthe study of thd®. oceanicathrough the Algerian coast,

primarily centred in Algiers region.

According to our literature investigations, from 2000 to date, only few documents described
some aspects of tHe oceanican Western Algeria, mainly grey étature written in French.

The detailed distribution remains largely unknown. Furthermore, some maps and point data
helped document the distribution of beds along the west Algerian cOastsivestigation®n

12 zona infour Wilaya (districts) from thewestern Algeria (Chlef, Mostaganem, Oran and

Ain Temouchent) combined to literature data from different soummesjidesthat theP.

oceanicas more represented in western Algeria with a discontinuity through the .coasts

A study of the phenology dfosdonia oceanicaneadows was conducted on five zones on the
west Algerian costs (Zimba, Arzew, Stidia, Capo russo, Cap carbon) providing new data on
density, leaf numbeteaf length, leaf surface anke state of the apexes as determined by the

"coefficient A". The outcomes showed information about the health status &f. theeanica

meadow through these zonégcording to(Pergentt al. 1995 classification meadows have
abnormal density, these can be due to the sampling deptiothnat exceed 3n©n the other
hand,meandensities iMArzew and Zimba sitesvere lower, which would appear to indicate a

more general source of perturbation

Elsevhere,for the assessment of coastal waters statasyy indices (classification systems)
based on th&osidonia oceanicda Biological Quality Element according to the EU Water
Framework Directive) have been developed and applied in the North part ofriweste
Mediterranean, and only few of them have been applied and tested in the south Mediterranean
basin. In order to fill the gap, we made use of an ecological index (BiPo) based &f. four

oceanicadescriptorgo assess the ecological status of coastal wataro localities from west



Algerian coasts: Stidia in Mostaganem and Cap Blanc in Oran. Results show that on a scale
ranges fr om, théBEmaogicaltQuoality Ratiog=R values using BiPo ranged Cap
Carbon area waters body nGo o d 6 a cRiPo sadle Stidja water quality has been
classified as6 Hi .gUsiig this index and PREI index Bouma@@oumazaet al. 2015

recommended the use of PREI foore suitable for assessing the ecological status of Algiers

coastal waters.

Data presented in this thesis work hdeen collected on a limiteRB. oceanicameadow
distribution sites. A study covering a relatively largmountof sites and descriptors is

necessary toarefullyfill the gap on thé. oceanicasituation trough the Algerian coasts.
Key words

Posidoniaoceanica distribution, health statuBjPo, Algeria, Mediterranearsea



Riassunto

Posidonia oceanic@ una specie endemica mediterranea che forma prati denso ad ampio, che
fornisce importanti funzioni e servizi ecologici e supporta una comunita ricca e diversificata,

comprese le specie di interesse economico.

Nonostante la sua importanza, la distribugian la caratterizzazione dei prati di seagrass
Posidonia oceanica sono stati scarsamente documentati e poco studiati nella parte meridionale
del bacino del Mediterraneo, attraverso le coste algerine. Tuttavia, negli ultimi anni, vi & stato
un interesse cseente per lo studio delf oceanicattraverso la costa algerina, principalmente

concentrata nella regione di Algeri.

Secondo le nostre indagini sulla letteratura, dal 2000 fino ad oggi, solo pochi documenti
descrivono alcuni aspetti delR. oceanicanell’Algeria occidentale, soprattutto letteratura
grigia scritta in francese. La distribuzione dettagliata rimane in gran parte sconosciuta. Inoltre,
alcune mappe e dati di punta hanno contribuito a documentare la distribuzione dei letti lungo le
coste algdae occidentali. Le nostre indagini su 12 zone in quattro Wilaya (distretti), dall'Algeria
occidentale (Chlef, Mostaganem, Orano e Ain Temouchent) combinate con dati di letteratura
provenienti da diverse fonti, prevedono chdlaoceanicasia piu rappreseata nell'Algeria

occidentale con una discontinuita attraverso le coste.

Uno studio sulla fenologia dei prati di Posidonia oceanica € stato condotto su cinque zone sui
costi algerini occidentali (Zimba, Arzew, Stidia, Capo russo, Cap carbon) che fooraoovi
dati sulla densita, il numero di foglie, la lunghezza del foglio, la superficie del foglio e lo stato

degli apici determinate dal "coefficiente A". | risultati hanno mostrato informazioni sullo stato

di salute del prato dP. oceanicaattraverso geste zone. Second@ergentet al. 19995,
classificazione dei prati del 1995 hanno una densita anormale, questi possono essere dovuti alla
profondita dicampionamento che non supera 3m. D'altra parte, le densita media nei siti di

Arzew e Zimba erano inferiori, che sembrano indicare una fonte di perturbazioni piu generale.

Altrove, per la valutazione dello stato delle acque costiere, sono stati sviluppplicati molti

indici (sistemi di classificazione) basati sulla Posidonia oceanica (un elemento biologico di
qualita secondo la direttiva quadro UE sull'acqua) nella parte nord del Mediterraneo occidentale
e solo pochi di loro sono state applicate eateshel bacino sud del Mediterraneo. Al fine di
colmare il divario, abbiamo utilizzato un indice ecologico (BiPo) basato su quattro descrittori

di P. oceanica per valutare lo stato ecologico delle acque costiere in due localita della costa



algerina occidetale: Stidia a Mostaganem e Cap Blanc ad Oran. | risultati mostrano che su una
scala varia da "Cattivo" a "Alto", i valori dei rapporti di qualita ecologica (Ecological Quality
Ratio: EQR) utilizzando la BiPo Le zone di acque di carbonio di Cap Carbamdato in
'‘Buono’ secondo la scala BiPo, la qualita dell'acqua di Stidia e stata classificata come 'Alto'. La
qualita dell'acqua di Stidia é stata classificata come 'High'. Utilizzando questo indice e l'indice
PREI di BoumazéBoumazeet al.2019 ha raccomandato I'utilizzo di PREI per una piu adatta

per valutare lo stato ecologico delle acque costiere di Algeri.

| dati presentati in questo lavoro di tesi sono stati raccolti su un sito limitato di distribuzione dei
prati P. oceanicaUno studio che copre una quantita relativamente elevata di siti e descrittori &
necessario per colmare attentamente il divario sitllazione dP. oceanicattraverso le coste

algerine.
Parole chiave

Posidonia oceanicadistribuzione, stato di salute, BiPo, Algeiidediterraneo
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GENERAL INTRODUCTION



The seagrasBosidoniaoceanica(L.) Delile is an endemic specie$ the Mediterranean Sea
whosemeadows constitute an enganang ecosystem playing a majecological, geological

and economic role in coastabnes(Boudouresqgue and Meinesz 1982rgerMartini et al.

1994 Boudouresque 2004Therefore the study of th&osidoniaoceanicafrom different field

became essential due to its ecological and even econmpartancedescribed by several

studies.

For this we focusedur studyespeciallyon providingan updatedatafor the localization and
characterization oP. oceanicameadowshrough a part of the Algerian coadis fill the gap

of theinformationavailability for the scientificcommunity.

A Chapter | represestat of the art on the Mediterranean seagmssidoniaoceanica
of some essential characteristics and studiesluding Ecebiology, meadows
geographic repartitignthe use ofthis species as hio-indicator and its concerned
legislation.

A A literature reviewof studiestreating mappingcharacterisatiorand health status
assessment &f. oceanicarom different sources, mainlgnon-publishedhesis written
in French are presented@hapter Il

A Later in Chapter IIIP. oceanicalocalisationmap was updatedy adding to literature
data our field data from 5 zones from Western Algeria. Health status is, also, assessed
according to usually used descriptors.

A Finally, in chapter IV, we tested the feasibility of the assessment of the coastal waters

by the adoption of a biotic index developedjroyoet al.2010 BiPo thatwas drawn

up according to theequirements of the Water Framework Directifdis index has
been implementedn two coastal sites from the western AlgeriaStiiabelonging to

Mostaganem department and Cap Blanc belonging to Oran department.



CHAPTER |

State of the arton the seagras®osidoniaoceanica



PosidoniaoceanicalL.) Delile (common name: Neptune gragsan endemic seagrass species

of the Medierranean SedDen Hartog 1970 This species belongs to tteubphylum

Angiospermagclass Mnocot, ordePotamogetonalegamily Posidoniaceae

The scientific namePosidoniaoceanica seems strange as this plant only grows in the
Mediterranean Sea. However, Seagrass thrived and spread in the warm Tethyan seas of the
Eocene. The present global distribution is likely to be far more limited than in the past due to
continental drift, temerature changes and the impact of enormous variations in sea levels since
the Pleistocené_onget al.1999.

PosidoniaoceanicalL.) Delile is the most importarsieagrass) the Mediterranean coast, with
an estimateéxtendof 2.5 to4.5 million hectaregPergenet al.1995. This represents 1 to 2%

of the Mediterranearottom and 20% of the Mediterranean basin shallower than 50 m

(Pasqualinetal. 1999. It forms extensive meadows ranging freorface to depths up to 25

40m(Péres and Picard 19G4ibera and Boudouresque 1y9hensufficient light is available

(Den Hartog 197Pand is commonly found on sandy and roskipstratavith the exception of

estuaries where the input of freshwater and fine sediments i$Giighn and Short 2003

Posidoniaoceanicais a large, slowgrowing rhizomatous plant possessing both horizontal
(plagiotropic) and vertical (orthotropic) rhizomes. Rhizomes are arranged as a gegjuenc
segments (internodes) separated by nétpsrel. Horizontal and vertical internodes are short
(3.5'1 mm on average, respectively) and thick (up to 1 cm) revealing the slow growth of this
species. Roots (up to 4 mm thick, and up to 40 em)lare typically produced at the nodes of

both kinds of rhizomes. Long (75 cm, on average) and wide (10 mm, on average) leaves (blade
plus sheath) arranged in bundles on shoots (up 10 &aves) arise from the nodes of the

orthotropic rhizomegPérezLlorénset al.2014).




Figurel Detailed view ofPosidoniaoceanicashoots and orthotropic rhizomes fully covered
by the fibrous rests of old leaf sheaths. The outermost leaves of the shoots (the oldest leaves)
are covered by calcareous epiphytes (Photographs: JuanmgHRRuiiLlorénset al.2014)

Reproduction
Posidoniaoceanicais characterized by long persistence, slow vegetative growth, sporadic

sexual reproduction and low genetiariability (Buia ard Mazzella 1991 Buia et al. 1992,

Procaccini_and Mazzella 19p8This species presents both a vegetative and a sexual

reproductive strategy. The former is accomplished by clonal growth while the latter entails the
production of hermaphrodite inflorescences and the formatidingits and seedéVazzellaet
al. 1983. Sexual reproduction generally occurs at the end of the fall with fruit formation about

six months later (Marcpril) (Mazzellaet al. 1983.

Geographic repartition:
Posidoniaoceanicaoccurin 16 Mediterranean countri€Siakoumiet al. 2013. The total

known area ofP. oceanicameadows in the Mediterranean Sea was found to be 1,224,707 ha
(12,247 k) (Telescaet al.2015.

To the west, it disappears a little before the Straits of Gibidlarto the influence of Atlantic
water that is colder and less salty than the MediterrafigaezLIorénset al.2014). The most




westerly remnants are recorded 20 km east from the Gibraltar Strait @pamesh coast
(Estepona Bay), and 280 km towards Morocco coasts, near Sebufaeg, and Chaffarine
islands(Meineszet al.2009 Giakoumiet al.2013.

In the east, it is absent from the coasts of Egypt (east of the Nile delayon andolonised
Palestine Thus, its absence on a relatively narrow strip of the eastern Levant Sea (Lebanon

coasts) has been associatetemperatures above the ximum ranggCelebiet al.2007).

Finally, it is rare or absent in the extreme north of the Adr{&&mulinBrida 1974 and along

the Languedoc coasfsouthern France)between the Camargue and HafNouvelle

(Boudouresque and Meinesz 198dudouesqueet al.2019). Figure?2.

Posidoaniaocenicapresence next to the mouth of large rivers (e.g., Rhéne, P6 or Nile) is

limited by sediment and freshwater inputs.

et

f Black Sea

Atlantic
Ocean

Figure?2 Distribution of Posidoniaoceanica(red line) along the coast of the Mediterranean
Sea. in(Vacchi et al. 2016

P. oceanicais consideredsupporting salinity values between 36.5 (e.g., Alboran Sea) and 39.7
(e.g., Cilician Sea), although it also occurs at logainities (e.g., from 21.5 to 28 in the
Dardanelles Strait and in the Marmara Sea) or in hypersaline coastal lagoons {d4y.in39

Farwa Lagoon on Libyan coasfPérezLlorénset al.2014).




The presencef the P. oceanicain the northwestern Mediterranean is widely recorded,

whereas in the soutivestern and eastern Mediterranean is scéf&eren and Short 20D3

There are slight morphological and genetic differences betweeneBnicameadows from
different regions. In particular, there is a genetic cleavage between the Eastern and Western
Mediterranean meadows, which suggests that these meadows were temporally isolated from

each other during last glaciatiofsrnaudtHaondet al. 2007). Nevertheless, there are no clear

geographical differences in meadow structure and function between the two basins, and the
morph type differences disappear after some years of acclimatization when transplanted to

another sitdMeineszet al. 1993.

Importance
P. oceanicameadows play a major ecological, sedimentary and economiqBelée and

HarmelinVivien 1983 Jeudy de Grissac and Boudouresque 182nbiet al. 1989 Romeo
et al.1992 Duarte and Chiscano 1999uarte 2002

The Posidoniaoceanicameadows represent one of the bases of the richness of the coastal

waters (Boudouresque and Meinesz 198and the most imptant ecosystem of the

Mediterranean coastline for biodiversity, comprising 20 to 25% of Mediterranean plant and

animal specie¢Boudouresquest al. 2006. In addition, P. oceanicameadows form a key

ecosystem component in the shallow waters obtdsnand are aimportant resource fdhe

fishery(Mazzellaet al.1983. Thus, their role isomparable to that of other plants in temperate

and tropical seas pporting high biodiversityLarkumet al. 1989.

From a functional point of viewRosidoniaoceanicameadows constitute both a nutritinone
by their enormous primary production which makes it a major source of food for the trophic
network inside themeadow and in other ecosystems by dead leaves exporting to the
medidittoral, infralittoral, circalittordand bathya(Pergentet al. 2008 Boudouresque 20)3

spawning grounds and a nursery, But also a shelter for many species, some of which are of high
commercial value. Theneadowalso absorbs the hydrodynamic effects of swell and the
structure promotes trapping of particles, which results in stabilization of the sandy coastal

strandqStephane and Colombe 20Bdudouresque 20)3Finally, seagrass beds play a major

role in carbon sequestration (carbon sinks) and contribute significantly to mitigaiatjehbts

of carbon emission®uarteet al.2005.




Today, because of its sensitivity to water quality (transparency and nutrient concentrations),

oceanicda s used as bi ol ogi c a(Pergeeivattini and Pesgendo2000A s h o r

Orth et al. 2009, for example as biological indicators in the European Water Framework
Directive (2000/60/CE) and Marine Strategy Framework Directive (2008/56/CE).

The value of theP. oceanicaindicator works at three level@viontefalcone 2000 the

‘individual’ level, where plant phenology (in particular Ibefmetry) provides information on
its status and growth conditiofiszoni et al. 2003 Buia et al. 2004 Marbaet al. 2006.

The "population” level, where the structure (e.g. denaitg / or cover) and meadow
morphology (such as the presence of regressive structuresndéadepresent characteristic
of environmental condition@ergenet al. 1995 Montefalconest al. 2009.

The community level, where the associated flora and fauna (especially epiphytes) are equally
sensitive to enviramental changegRuiz et al. 2001, Cancemeet al. 2003 Balataet al.2007).

P. oceanicaas abio-indicator
Moreover, seagrassesiainly, theP. oceanicacan be considered as biological sentinels or

66coast al canar i eitsdidbribution,rsucke as a requctienhnatre gnaxsnmun n

depth limit or widespread seagrass loss signal changes in the envirg@miket al. 2006).

Posidoniaoceanicaseems to be a reliable bioindicatdwagier 1985 Pergent 1991Pergent

Martini and Pergent 2000according to:

A Their sensitivity to disturbances, as demonstrated by a number of reparsadow

regression due to various caugéslgadoet al. 1999 Ruiz et al. 2001, Ruiz and

Romero 2008 And to assault related to human activitig&inesz and Laurent 1978

Boudouresquet al.2006.

A Its wide distribution along the Mediterranean c@Bsisqualinet al. 1999 Vacchi et al.
20186.

A The good knowledge abotite specific response of the plant and of its associated

ecosystem to specific impact. Furthermore, this species is able to informtabout

presentind past level of traemetals in the environme(®ergeniMartini 1999. By its

presence and vitality (or its regression materialized by deatle3, it gives an
assessmerdf the wateibody status.



Moreover, ke many marineMagnoliophyta Posidoniaoceanicahas a high concentration of
trace elements, proportional to the concentrations present in the envirq@merstr 1985
Capiomontet al. 2000 PergertMartini and Pergent 2000 and good resistance to metal

contamination (the species persists in the vicinity of important sources). In addition, its capacity
to be maintained in aquariums for shlived artificial contamination experimen(serratet al.

2002 and, above all, its capacity to memorize the old contents withindteegscombined with

the dating possibilities offered by Lepidochronology, open up unique perspectives in the
follow-up over time of pollution and allow to have at their disposal a real biological archive

able to inform about the temporal evolution of alygan (Calmetet al. 1988 Pergentet al.
1995 PergentMartini 1998.

In other handsome species indicate seagrass perturbation: the overgrowth of epiphytic algae
and especially the episodic formation of dense mucous layers of filamentous algae
(Ectocarpales and Crysophyceae on the meadow canopy is associated with water
eutrghication and reduced hydrodynam(csrentiet al.2005. The green alga@aulerpaspp.

invades declininggsparse meadows, especially when the sediment is enriched with organic

matter(Terrados and MarbgDP6). When nutrient inputs to the bed are too intense, sea urchins

Paracentrotudividus (normal densities-8 urchins m2) become over abundant (may attain 30
urchins m2) on meadows that grow near rocky substrates and consequently ovdtgraze

oceanicaleaves(Ruiz and Romero 2003 Their excessis therefore indicative of habitat

eutophication. Fire worms (e.dgdermodicecarunculatg also appear in degraded meadows

with an excess of labile organic matter.

Problems
P. oceanicalike anyseagrasss vulnerable to changes in coastal environments and can be easily

destroyed or damaged. If the degradation is faster than its adaptation rate, then the result would be

a reduction in the@lants distribution area.

Because of its bathymetric range, Basdoniais directly exposed to natural and anthropogenic
pressures, therefore it has become evident that it is regressing at several sites in the

Mediterranear{Duarte 2002 Spaldinget al. 2003 Jordaet al. 2012, mainly near industrial

and port facilities. This regression has been attributed to various caugeding: coastal

restructurindMeineszet al.1991, Ruiz and Romero 2008oudouresquet al.2012), fisheries

and aquaculturéDelgadoet al. 1999 Pasqualiniet al. 2000 GonzalezCorreaet al. 2007,

Kiparissiset al.2011), solid and lquid wastgPergentMartini et al. 1995 Boudouresquet al.




2012, the development of recreational boats and tourist crfigestefalconeet al. 2007,

Boudouresquet al.2012) Exotic species introductigiBoudouresquet al.2012) and pollution
(Dimechet al.2000.

Legislationin (Telescaet al.2015H

In the last twenty year®,. oceanicahas become one of the main targets of the protection and
management o f t he Medi terranean mari ne envi
Directive (92/43/ CEE) includes Bceanicabeds among priority habita(Habitat Type 1120:

P. oceanicabeds- Posidonionoceanicag Seagrass meadows also have a dedicated Action

Pl an within the framework of the Barcelona
Specially Protected Areas and Biological Diversity inthe i t er r aneano . Mor e
Marine Strategy Framework Directive (MFSD) (2008/56/EC) has established a framework
according to which each Member States shall take the necessary measures to achieve or
maintain AGood Envi r on meinomant. Ar§ibsparms have been t h e
|l i sted as a biological feature in TPredsdres 1 of
and i mp @cocearicahasnbden selected as representative species of the angiosperm
quality elements for the Meadirranean marine environment. Parallel to this, each EU Member
State has defined its own method to evaluate the health statds adfeanicameadows
according to the Water Framework Directive (2000/60/EC).

In Algeria, Posidoniais a protected species by Article 3 of Executive Decree N0O31af 4
January 2012 establishing the list of protected-crop plant species. (Official Gazette No. 3
of 18 January 2012Annex, page 17).



CHAPTER Il

Posidoniaoceanicathrough the West Algerian coasts

The main objectivef this Tasks the revision of historical and current data on the locations,

charactersation and health status oPosidoniaoceanicaover the West Algerian coast.



Data collection

At a first time, searchewere conducted using ISI Web of Knowledge, ScienceDirect,
SpringerLink and Googl e ScholPasidoniamap pied ggov,an
fiPosidoniac ar t o gr akokidoiaAbh gdr hao. I n addition to da
handchecked the reference lists of all studies retrieved to identify all relevant primary research
published in other peer reviewed journdispks and proceedings of international conferences.

We alsomade searches on PN'S(National Theses Reporting Portdl). a second time, we
checkedPhD. thesis and Magister/Master in differéestAlgerian universities, which do not

provide access vithe internet for studies directly treating witRosidonia Or indirectly, ex:

benthic biodiversity, seaucumberand urchins, which can provide data about presence or
absence oPosidoniain the study aredlVe, also, contacted some authors wishing to get some

unpublished data for the status of Eheceanica.

To find more about the localization of tReoceanica we made guestionnairdor sea divers
in some diving clul¥sand for underwater hunt practitioner.drother side more thar0 free
diving activities were made, or2 lifferent zones in west Algerito assespresenceé absence

and status of thBosidonia meadoseeChapter Il).

Posidoniaoceanicalocalisation(map)

In the southern part of the Mediterranean basimigh the Algerian coaststhe seagrass
Posidoniaoceanicameadows are scarcely studietdwas reportedthat currently surveyed
coastlingn Algeriais about 16% for a total current area of 4,07%Treesceet al.2015 Figure
3.

1 https://www.pnst.cerist.dz/
2Trident Club
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Figure3: Detail of the current distribution ¢fosidoniaoceanicameadows in the Western
Mediterranean Sedelesceet al.2019




According to our literature investigations, from 2000 to da&efound thabnly few documents
described some aspects of eoceanicain West Algeria, mainhgrey literature (Magister
and doctoral thesis) written in Fren@tudiesresultswere limited to Oran and Mostaganem,
Orancoastsvere the mostepresente@Tablel).

Tablel: P. oceanicdocalisations from literature investigations.

Wilaya (District/Province)  Locality GPS Referece
Oran Ain franin 35A 4606 (Cahrour 2013Boudjella
0OA 316 02015
Cap carbon 35A 5406
OA 2006 2
Cap blanc 35°41'3"N (Khodja 2013
1°2'35"E
Madagh 35A 376 (Dermechest al.2009 Husein
1A 04066 Kais201)
Arzew 35A 5206 (Husein Kais 2015
0OA 196 V
Ain el turc Not cited
Capfalcon Not cited
Painsucre Not cited
Mostaganem stidia 35A 4906 (Belbachir 201y
0°01'W
Hadjaj 36° 08' N
1°80'E
Sidi Lakhdar 36A 1206 (Boudiella201)
0OA 236 2

Summary of P. oceanicalocationsin western Algeria

The questionnaire made fitrediving club gaveus with zones dP. oceanicgoresencéehat has
currently been reported by literatuur investigationsesultto 12 zones from fouiVilaya,

from the western Algeria (Chlef, Mostaganem, Oran and Ain Temougclpeotides that the

P. oceanicas more represented in western Algewigh a discontinuity through the coasts | t 6 s
thanabsent ir6 areagTable2)

Damous, Beni Haoua beiging toWilaya (district) of CHef.

Oureahin Mostaganem

Canastel in Oran

and in Sidi Boucif and the zone of Madrid beach belonging to Wilaya of Ain
Temouchent

v v > D



Table2: P. oceanicgoints localisations from our investigations.

Wilaya (District/Province)  Locality Presence/abscenc: Year
Chlef Damous - 2016
Beni haoua -
Mostaganem Oureah -
stidia + 2017
Oran Marsaelhadjaj + 2016
Arzew +
Canastel -
Cab blanc +
Cap Carbon + 2017
Ain Temouchent Zimba +
Madrid - 2016
Sidi Boucif -

Data from literatureesearcl{Tablel) and our investigationd able2) have been combined to
provide currentdistribution map ofPosidoniaoceanicameadowshrough the west Algerians
coasts, inthe Western Mediterranean Sea, the remepresert a new detailed map of the

presence oP. oceanicatroughthe west Algerian coastgifure4).

2°0'0"W 1°0'0"W 0°0'0" 1°0'0"E 2°0'0"E
1 1 1 1 1

37°0'0"N= [=37°0'0"N

Algeria

Morocco

- / \_/

i o C/

"ZJ Chlef Lo,

& g

36°00°N— // MOStagi/'l%'ﬂ/\g {Lﬂ\ /’/LQ -3600N
AJQ‘: @) 3
) e e
,\‘//’.\4, —[\‘%W\M/ ‘/)/ &
7

,% Oran (f

g

$ b
- f/ Ain Témouchent <+

/,/.,/”L_ N/\‘/

' ~ §

= b ;

35°0'0"N= [-35°00'N
] T T T T T T T 1
\‘1\ [ 30 60 120 Km

1 1 1 1 )
2°0'0"W 1°0'0"W 0°0'0" 1°0'0"E 2°0'0"E

q’r\
» -

Figure4: Posidoniaoceanicaroughthe west Algerian coasts. Green poiftsoceanica
localisations. White points: absence of eh@ceanica



Characterisation and Health status

Through the Oran coast$etPosidoniaoceanicaoccupied area remains modest, due to the
narowness othe continental shellhesurface of thdedss important in Cap Carbon, Arzew,
Ain El Turck, PainSucreand Madagh.

The upper limit of the Cap Carbdtosidonia meadovws 0.6m and the lower limit is 27m, at
Arzew it is (SupLim: 1m andinf Lim: 30m), Ain Turk (Lim Sup: 12 / 14 m and Lim Inf: 30

m, the maximum limit of a few spots is 40 Mndaluge bay (Sup Lim: 3 to 4m and Inf Lim:
30m),Pain SucréAnd 5 m becomes dense at 6 and 8 m and Lim. Inf: 25 m) and Madagh, has
a densaneadowwith an upper limitof 0.1 to 0.3 m depthWhen the sea is calrapexof the

leaves emerge and thener limit of the Posidonia bed is around 27The second category of

the stations is that which contains less densadowghan the first one, namely Cape Falcon:

the herbarium is in the form of several spots on soft substrate with an upper limit located at 7m
of isobaths At Plane Island there is a total absence of Posidonia around the island, but at the N
/' W of the island btween 8 and 12 m deep there is a spot aoyan area of 30 m@Husein

Kais 2015. Meadow density is of type | "very dense" with respective coverage rates oh75% i
Ain Franin, 80% in Cap CarbqBoudjella 2019. According to the classification ¢Giraud

1977 and(Pergentet al. 1999, P. oceanicameadows in Ain Franmand Cap Carbon ara i
good ondition(Boudijella 201%.

According to the classification of (Giraud, 197F)pceanicaneadow at Cap Carbon is of type

[l which is described as Sparse» In Ain Franing ités of type |II desc
According to the latest classification (Pergent et al., 20@Bgdowsn both Ain Franine and

Cap Carbon are considerasd being in< poor condition ¥Chahrouret al.2013 Table3.

From Mostaganem, eadow density is of type | "very dense" with cover88e33% in Sidi
Lakhdar.According to the classification ¢Giraud 197y and(Pergenet al.1995, P.oceanica

meadows are in good conditigBoudjella 2015%. Thus, thePosidoniaoceanicameadow of

Hadjadj area has a better vitality compared to the orgtidig though both meadows of the
studied areashowa light sign of disturbance dues to their weak shoot dengitiesali and
Belbachir 201 Table3.




Table3: Posidonia meadowsassification ofOran andMostaganensites

Wilaya Locality Depth Sampling Density Reference Giraud Pergenteta
(District / (meter) year  (Shoots.I) (2977) 1995
Province)
Oran Cap Carbon 10 2009 350 (Cahrour I
Ain Franine 10 403 2013 Il
Chahrour
etal
2013
Cap Blanc 10 2012 468.2 68,29 (Khodja Il Densité
2013 normale
Cap Blanc 5 807 +50,89 I densité sub
normale
supérieure
Cap Carbon 1-2 2014  956.64 (Boudijella I
+122,79 2015
Ain Franine 2-3 827.7 £81, 09 I
Mostaganem Sidi Lakhdar 1-2 1054.83 I
+116,75
Hadjaj 15 2011 505.6 + (Belbachir Il Anormale
316.98) 2019
3 193.6 £ 59.13 \Y Anormale
3 379.2 £ 157.50 Il Anormale
Stidia 0.7 181.4 £ 75.40 \Y/ Anormale
1.5 350.8 + 188.57 Il Anormale

The Posidonia beds adeeply degraded near towns coasts and industrial infrastructures.
Coastal development leads to a reduction in the coastal strip, which has led to the disappearance
of beds habitatéSemroud 19983 This phenomenon is widespread in large urzmers such

as the Oran coast, where the meadow has regressed significantly during the last %3 years,
upper limit has clearly decreased following the development of the city of(@reein Kais
2015.

The temperature associated with the discharge of heated water causes a change in the
temperature of the sea water. This has been observed at the Arzew thermal power station, where
the herbarium has completely disappeared and has been replabedyimenalgaCaulerpa

prolifera (OQULD AHMED 1994). However, since chlorine is also released, it is difficult to

know which of these two agents resulted in the disappearar@samfoniaoceanica(Husein
Kais 20159.



Conclusion

A limited volume of scientific literature lsdbeen devoted to the study of Besidoniaoceanica
through the west Algerian coast comparedtteer arean North MediterranearThis literature,
usually written in French, is dispersed in a few university libraries and sometimes local

scientific journals, and thus remaiessaccessible to the international scientific community.

After all, in the last fewyears, there has been a little growing interest to the study &.the
oceanicathrough the Algerian coast, primarilgenered in Algiers region. However, no
mapping programs have been conductealstesshe seagrass distribution in exception of the
CNDRB (National Centre for the Development of Biological ResourcBskidonia

cartography project that started in 2008 (no result published till now).

According to limited information available along the western Algeria coast&mbled from
various type of documenthe detailed distribution remains largely unknown. Furthermore,
some maps and point data helped document the distribution of beds along the west Algerian

coasts.

Therefore thesedata on current distribution are scarcely informativéhefsituation of theP.
oceanicameadows whicthave been assessed only through a limited amount of information.

This represents a strong limitation in providing a baséim&doniahealth statsassessment



CHAPITRE 1l

Characterisation of Posidoniaoceanicathrough the west Algeriancoasts

Objective:Posidoniabceanicaneadowcharacterisatiorthrough different descriptors used
to assess the ecologidadalth status of the meadow.



Posidoniaoceanicais considered aa reliable bioindicatofAugier 1985 Pergent 1991

PergeniMartini and Pergent 2000according to:

A their sensitivity to disturbances, as demonstrated by a number of reporésdow
regression due to various cau¢Bslgadoet al. 1999 Ruiz et al. 2001, Ruiz and
Romero 2008

A its wide distribution along the Mediterranean c¢Bstsqualinet al.1998 Procaccini
et al.2003

A the good knowledge abouipecific response of the plant and of its associated

ecosystem to specific impagtomeroet al.2005

Furthermore Posidoniaoceanicais able to inform aboupresentand past level of traee

metals in the environmefergentiMartini 1999.

(PergentMartini et al.2005 gave a review ahe most useBosidoniaoceanicadescriptors,

in order to better define the advantages of each of them in the assasktnestatus of the
Posidoniaoceanicameadow an@ood ecological status of coastal zordgese parameters

are used a differentlevel:

A The individual level (the plant) and most of the analyses at the community level (the
associateorganisms of leaves and rhizomes) reqtivecollection of shoots, thus
being defined as destructive techniques. The mean number of sampled and measured

P. oceanicashoots ranges from about 10 to 20 sh@etsgeniMartini et al. 2009.

A On the contrary, analyses at the population level (the meadow) and some of the
analyses at the community level, i.e. the mobile fauna associated to the meadow,
requre simply underwater surveys for collecting data, thus being defisedot

destructive techniques.

In Figure 5 the main descriptors oP. oceanicaand for each descriptor, the different
parameters used and their methods.



Upper depth limit Density
Measured parameters: Depth, localization, density, bottom Measured parameters: Number of shoot on a surface > 1600 cm?
cover, characterization of the substrate Methods: 24, 25, 26, 27
Methods: Transect (1), aerial photograph (1, 2, 3, 4), fixed Information: Dynamic of the meadow, Human impact
marks (5, 6), granulometry, content in organic matter .
].nﬂ?nnmmn; Humar‘1 impact, hydrodynamism, 1 Bittotncover
sedimentary dynamics Measured parameters: % of meadow on a given surface (1 to 25 m?)
Methods: 11, 27, 28
Epiphytic coverage Information: Dynamic of the meadow, Human impact
Measured parameters: biomass, diversity
Methods: Quantitative and qualitative Lower depth limit
study (7, 8,9, 10, 11) Measured parameters: Depth, localization, type, density, bottom
Information: Nutrients concentration, - coverage, leaf biometry, granulometry, content in organic matter
flora & fauna biodiversity Methods: fixed marks (6, 26), in situ photography, side scan sonar
G» 7 (29,30)
L o > *ch o~ ) Information: Water transparency, Human impact, hydro dynamism,
eaf biometry N\ y ; . =
e A dynamic of the meadow (regression or colonization)

Measured parameters: Type, -l ! A\
number, size of leaves, leaf v -

surface, Coefficient A,
biomass, epiphytic coverage, 2
presence of nécrosis o dall I/
Method: 11, 12,13, 14 =
Information: State of health of
the meadow, Human impact,
hydrodynamism, herbivory
pressure

Populating associated to the meadow
Measured parameters: Fauna, flora,
diversity

Methods: 11, 31, 32,33

Information: Biodiversity, interactions
5] meadow-population

Structure of the matte sing oy e o i

Measured parameters: Intermattes, « cliff of dead matte », erosive TRy i Hia B and ¢ 5 .
structures, recedind, silting up, biodiversity of the endofauna, Mimmid.mmﬂ:[ﬁ;elememary'composmon (C,
N, P), phenolic compounds, proteins,
carbohydrates, stress enzymes

Methods: e.g. HPLC, CPG (34, 35, 36, 37)
Information; Dynamic of the meadow, Human
impact, herbivory pressure

homogeneity, resistance and compactness of the matte, % plagiotropic
rhizomes, width of the matte, physico-chemical composition

Method: 15, 16, 17, 18

Information: Dynamic of the meadow, Human impact, sedimentary
dynamics, study of currents

Datation measurement Contamination

Measured parameters: Lepidochronology, plastochrone interval, paleo-flowering, primary production Measured parameters: Metals (Hg, Cu, Cd, Pb, Zn),
Method: 19, 20, 21,22, 23 Radioelement (Cs)

Information: Temporal evolution of the production, sedimentation speed, intensity of the sexual Methods: ICPS, Spectrophotometry (38)
reproduction, dynamic of the meadow, Human impact Information; Human impact

Figure5: Recapitulative plan of the main descriptorg?osidoniaoceanica with the
measured parameteasdthe methods ofnvestigation(PergentMartini et al.2005.

Considered descriptors measuredin situ
Shootdensityis widely measured parameters, angd baen used in many-depth studies
(Giraud 1977Pergentt al. 1995 PergentMartini et al.2005 GonzalezCorreaet al. 2007,

Romeroet al.2007 FernandeZl orquemadat al.2008.

Density epresents the number of shoots per surface unit (usually per sghenmeasuring
can bedetermined by in situ counting inside a quadrate of 400FogeAe6. High density is
thought to characterize a healtRgsidoniaoceanicameadow, whereas low density is seen

as a consequence of human img&dt\ZZ!1 et al.2000.

Meadows status assessment has been made using shoot density classification according to
(Giraud 1977 (see Table beloyy(Pergentt al. 1999 and(PNUE-PAM-CAR/ASP 201)

(see Annex)l




Shoot number per square me Meadow ype

Plus de 700 faisceaux/m? Type |,Very dense meadow

400 a 70Ghootm? Type Il,dense meadow

300 & 40Ghootm? Type lll, Sparse meadow

150 a 30Gshootm? Type VI, Very parse meadow
De 50 a 15Ghootm? Type V, semimeadow

Moins de 50shootm? | sol at eFhiscBawoimlEss

Descriptors measured inaboratory
Ex-situwe measured for metrics that &keootlength Leaf number per shoandLeafarea

Leaf surface per shoot corresponds to the leaf area expressed in cm? pébshoatnd
Jupp 197k Only one side is taken into account. The latter is calculated for each category of
leavesas defined byGiraud 1979%.

Leaf Area Index (LAI) Knowing the density, the Leaf Area Index is calculated by

multiplying the leaf area by the density: it is then expressed in m2 / mz.

Figure6: 400 cm?quadrate used for this study




































































































































