Bull. Inst. Natn. Scien. Tech. Mer de Salammbé, \38l. 2011

POSIDONIA OCEANICA MEADOWS ALONG THE EASTERN COAST OF
TUNISIA: FEATURE AND HEALTH STATUS

Yassine Ramzi SGHAIER*, R. ZAKHAMA-SRAIEB and F. CH ARFI-CHEIKHROUHA
Unité de Recherche de Bio-écologue et Systématiqokitixe,
Faculté des Sciences de Tunis, 2092, Manar lliSiein
* yassinramzi@yahoo.com

udla

Cilatne paiy Gaplially RSl A 50 ol pani ) S AN Jal paally Uiy sl sl Ll il sl
pos AUS Gl o Aongally ftasiall 5 g Uaill 5 A8 a5 dpusi sl DL 8550 Jaladl e ol g day )l (B L sl
ol Calide e (5 pdall Jaraall CaNEA) 1) 138 aa 5 (Bendl Gonen g Cilidinall Cilide (py Guliall 5 A ksl Lansi s L 5 5 50l
& Wik s daa 9845 441 O SN Cing) 5 G Doagall A Lisn sl bl e V) udial) 5 AN s £ sall
USR] Jonos o Lt sl il (6 g5l (on e 13 (1 8.5 o sl 2l 5l L am ol syl il
Gl 405y 5 Agalls At oY1 Liga sl pin sai iingy laeW s ol sl Ciliie b s dniiall G530 a2 0
Oo JS (8 Ganl) 32l LalS g sdall g dauss (il 0D (Bae (e Ailiall lisal) Jliie Y (s 3355 La 1) (g sl iiuaially
Liadil 48) s Ahaie (8 Lo ) sal) il A sl Al e 3apaa e glaa 2085 A jall 038 o) | iusiall 5 (5 gUail)
<l slaall (g

O 55 e ABES ¢ Loy 5 sl Cilnina ¢ A yanll lie Y1 il cilals

RESUME

Les herbiers aPosidonia oceanica au niveau du centre Est de la Tunisie : Caractérgues et état de
vitalité. La structure, la phénologie et la croissance diesdaux des herbiers Rosidonia oceanicant été
étudiées dans quatre sites au niveau du centrdeHst Tunisie (Hergla, El Kantaoui, Monastir et Mét). La
densité des faisceaux, le recouvrement et les parasnphénologiques présentent une différencefisigiive
entre les sites et les profondeurs en relation Hveensité des activités humaines. Les herbiessflus denses
(441 a 984 faisceaux m-2) et les indices folialessplus élevés (8,5 a 13m2 m-2)) ont été enrégisirMahdia.
Le nombre moyen des feuilles produites annuellementontre pas de différence significative entsesiges et
les profondeurs étudiées. La croissance du rhizbefosidonia oceanicast considérablement plus importante
a Mahdia et a Hergla qu'a Monastir et a El Kantaoliexception des stations les moins profondesi);alors
gue la croissance des rhizomes et la profondednmsgativement corrélées a El Kantaoui et a Mondsétude
fournit de nouvelles informations sur I'état detéaactuelle des herbiersPdsidonia oceanicau niveau d'une
aire géographique peu étudiée.

Mots clés:Phanérogames marind&ysidonia oceanicadensité des faisceaux, Lépidochronologie, Tunisie

ABSTRACT

The structure, phenology and shoot growtlPo$idonia oceanicaneadows were assessed in four sites along the
eastern Tunisian coast (Hergla, El Kantaoui, Mdnabtahdia). The shoots densities, percentage cddow
cover and phenologicadtudied parameters differed significantly betweecalities and depths according to
human activities disturbanced3. oceanicaleveloped the densest meadows (from 441 to 98#%tshwo-2) and the
highest value of Leaf Area Index (8.5 to 13m®) in Mahdia. There was no significant differencetbe annual
leaf production between the studied localities aathpling stations. Except at -2m depth, the rhizgnoavth

was significantly greater at Mahdia and Hergla tianastir and El Kantaoui. The rhizome growth was
negatively related to the depth at El Kantaoui Btwhastir. The study provides useful data on theestéhealth

of P. oceanica in an area of the southern sideeoMediterranean Sea still for long time unknown.

Keywords: Seagrasse®osidonia oceanicgaShoot density, Lepidochronology, Tunisia.

INTRODUCTION important primary producers of the coastal zone in
the Mediterranean basin (Ott, 1980). It forms
Extensive beds of seagrasses provide valuablavidespread meadows extending from the surface to
resources in shallow coastal waters worldwide (Bhor about 40 m depth (Péres and Picard, 1964) and €over
and Neckles, 1999). The endemic seagkassidonia  about 2.5+5 millions of hectares of the Mediteriame
oceanica (L.) Delile represents one of the most (Pergent et al.,, 1995). P. oceanica meadows play a
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key role in the Mediterranean Sea, hosting verydomestic effluents produced by a population of
diverse animal and algal communities (Mazzella et100000 equivalent inhabitants (reaching 140000
al., 1989), and representing an important nurseryduring summer due to the increase of the touristic
grounds for several species (Francour et al.,, 1999activities due to the presence of tourists). The
Sanchez-Jerez et al., 2000). Its role is impoitatiie =~ seawage is located at 0.8 MN from the coast aid at
stability of coastal sediments and consequentthén m depth. The estimated outflow is about 0.3 m3 s-1
protection of beaches from erosion (Blanc and Jeudyluctuated varies according to the season; the
de Grissac, 1984; Jeudy de Grissac andsuspended particulate matter concentration is 40 mg
Boudouresque, 1985). Furthermore, P. oceanica i$1 and a high concentration of organic carbon @gmor
very sensitive to disturbances (Francour et al9919 than 291mg g-1) and micropollution was detected in
Ruiz and Romero, 2003). Moreover, it is consideredthe sediment near the water treatment plant (Paatoni
as an excellent bioindicator (Boudouresque et al.al., 2000).
2000; Pergent-Martini and Pergent, 2000). Monastir is a coastal touristic city with a marina
P. oceanica is very common along the Tunisian coasbuilt in 1980 accommodating 440 boats in a 4 ha
(Le Danois, 1925). However, as other cities in themarina and a fishing port (8 ha) built in 1984,51.4
Mediterranean Sea, the marine costal ecosystem iMN south of the marina.
Tunisia is deeply affected by the loss of seagrass = == J
meadows over extensive areas during the last \ L A A 2 (
decades, particularly, P. oceanica meadows (Ben {ﬁ E .4{\4 - o
Mustapha et al., 1999) and has been attributetigo t & {[ e ” !
impact from human activities. In fact, the most
damaging impacts are industrial and domestic
effluents and shoreline constructions enhancing an
increase of nutrients and organic matter load and a
imbalance in the sediment budget (Pergent and
Kempf, 1993; Ben Mustapha et al., 1999) with direct
aggressions as results from illegal trawling onsého
meadows (Ben Mustapha et al., 1999)
The status oP. oceanicaneadows along the eastern
Tunisian coasts is still poorly known; the aim bét
present study is to evaluate the health statunwf f
Tunisian P. oceanica meadows using structural,
morphological and shoot growth parameters in order ,
to detect differences among the meadows at differen !
. . . |/ ji3:28
depths and potentially subjected to anthropogenic —— ——
impact.
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Figure 1. Sampling localities &fosidonia oceanica

MATERIAL AND METHODS meadows.

Study site and sampling procedures . . . . .
Study was conducted by scuba diving in OctoberMahd'a is a coastal tourist city Wlth an important
2004 in four meadows along the eastern coast of'Sh'ng port (9.75 ha) estabh;hed in 1967 and some
Tunisia: Hergla, El Kantaoui, Monastir and Madhia. prr:)tectgd archaeologu?al Vz‘:’jt'ges' h ion b
Three stations were selected at each meadow in th§ OOt, ensity was estimateusituat eac _statlon y
following depths: -2, -5 and -10m (Fig. 1, Table I) counting the number of shoots present in a 40 cm x

Hergla is a coastal village, with a small coastal port 40 cm quadrat with ten replicates. Percentage cover

. . 2 P .
(3.2 ha) constructed in 1984 and an offshore tung@s estimated using 1°muadrat (divided into four

farm installed in 2003 (Hattour, 2005). The farm 0.5m x 0.5m squares) with three replicates. Twénty

produces 400-700 tons of fish per year and is itla oceanica orthotropic rhizomes were sampled at
at approximately 2.7 MN from the shore over arandom in each station for laboratory analysis.

bottom depth of 40 m. Morphological and biometrical data

El Kantaoui is among the most attractive touristic Leaf length and widthwere measured According to
resort in Tunisia with many tOP“S“C plants (mpre Giraud (1979), leaves were detached from each shoot
than 15 hotels) and a busy marina (4 ha) establishegng their length and width were measured to be divide
in 1979 accommodating about 340 boats of differentin the following categories: adult leaves (lengtieater

categories. In 1993, a seawage was built at 2 kmhan 50 mm with sheath), intermediate leaves (length
South of the sampling site. The facility includes
physical, chemical and biological processes tottrea
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Table I.Posidonia oceanicdeatures of sampling stations, sediment type dowetype and potential stress resources
(He: Hergla; EK: El Kantaoui; Mo: Monastir; Ma: Mdil).

GPS location
Depth (m) N E Sediment type Meadow type Potential stress
He 2 36° 02'165'f 10° 30' 593" Sand Barrier reefspnce of micro-atoll Offshore tuna farm
5 36° 02'226'f 10° 30' 654" Sand Undulating meado Coastal port
10 36° 02'596' 10°30' 871" Sand Continuous mead
EK 2 35°53'606'f 10° 36'053" Sand Continuous meageoesence of dead matte Marina
5 35°53'912"1 10° 36' 54Q" Sand Continuous meado Coastal construction
10 35°53'920'1 10° 36' 554" Sand Continuous mowad Water treatment plar
Mo 2 35°47'194" 10° 49' 593" Sand Continuous meadow Marina
5 35°47'182" 10° 50' 08Q" Sand Continuous meadow Coastal constructions
10 35°47'1991 10°50'52Q" Sand Continuous meadow Sea port
Ma 2 35° 30' 500 11° 04' 979" rock Continuous meadow Coastal constructi
5 35°30' 6401 11° 04' 481" Sand Continuous meadow Sea port
10 35°30'485 11°04' 258" Sand Continuous mead
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greater than 50 mm without sheath) and juveniledeav meadows at the three depths (Table V). Coeffickent

(length less than 50 mm without sheath) showed difference among localities, with Monastir
Two leaf indices were calculated: showing less damaged leaves (Table 1V).

« The leaf Area Indexwhich corresponds to the leaf The shoot biomass and epiphyte weight per shoot
surface area for 1 m2 meadows (in m2 m-2); showed differences both among localities and depth

« Thecoefficient Awhich indicates the number of leaves (Table IV). Mahdia exhibited the highest valueshbéot
having lost their apex (due to grazing by herbigooe biomass at -5m and -10m and El Kantaoui the lowest
due to hydrodynamic action). one and at - 2m. Hergla showed the_ highest shoot
The epiphytic bmass was estimated after scraping Piomass and Monastir the lowest shoot biomass.
epiphytes from the leaves using a razor blade. ThenThe highest epiphytic biomass was recorded at El
epiphytes were dried in an oven at 70°C for 48 h andkantaoui whereas the lowest one was observed at
weighed. The scraped leaves were then dried at f’°C Mahdia. No significant differences were found in aainu
48 h and weighed (+ 0.1 mg) in order to estimatermea leaf production among localities or depths.
shoot dry weight. Rhizome growth showed significant differences among
The annual rhizome growth (cm year-1) and the leaflocalities (Table 1V). Mahdia and Hergla had rhizome
formation rate (number of leaves year-1) were growing faster than Monastir and El Kantaoui.
determined for the last decade (1994-2003) following
the standardized procedure of lepidochronologyyeisl
(Pergent and Pergent-Martini, 1991; Pergent et al. DISCUSSION
1995).

Data on structure, morphology and shoot growtR.of
Statistical analysis oceanicaalong the eastern Tunisian coast have been
The two-way ANOVA was performed for the meadows lacking until now except ofcarce studies (EI Asmi-

(four levels, random) and depths (three levels, Djellouli ., 2004; Pergent and Zaouali, 1992; Patge
orthogonal to meadows) for the variables (shootitigns gng Pergent-Martini, 1990).

number of adult leaves per shoot, number

. . . ) Ofparticular and rare structures Bf oceanicawere
intermediate leaves per shoot, number of juveeidsds

per shoot, mean adult leaf length, mean adultvadih, obseryed in the upper I|m|t_of_ Hergla. These mare o
Leaf Area Index, coefficient A, shoot biomass, eptphy less circular Isp_ot P ocelanlcan very §hal|ow water
weight, annual leaf production and rhizome growtiay, F Were called 'micro-atolls’. These particulars dtrees
significant difference among variables were analyzedcan be linked to hydrodynamic action, currents and/
with Tukey's multiple comparison tests to determine Water temperature (Boudouresque et al., 2006).
which variables were significantly different. Data were Micro-atolls have been also found in four siteghia
tested for normality and homogeneity of variance by Mediterranean Sea, Turkey (Boudouresque et al.,
Kolmogorov-Smirnov test (Sokal and Rohlf, 1981) to 1990), Marsala (western Sicily) (Calvo and Frada-
meet the assumptions for parametric statistics. Orestano, 1984), Saint-Florent (Corsica) (Pasqualin
RESULTS et al., 1995), Bibane Lagoon (Riveill et al., 2006}
Structural, morphological and shoot growth paranseter Ain Al-Ghazala (Libya) (Pergent et al., 2007).

of P. oceanicaof the four Tunisian meadows are According to the grading scale of Pergent et al.

presented in Table Il. Data on shoot density andjgg5) E| Kantaoui meadow, which exhibited the

meadow cover dn‘fereq significantly among Iogghues lowest densities, should be qualified as abnormal.

and depths. El Kantaoui showed the lowest densitids a . . o .
Monastir meadow, also with low shoot densities, is

cover. ’
Number of adult, intermediate and juvenile leaves pe considered therefore from abnormal to subnormal.
Hergla values range from subnormal to normal,

shoot differed significantly between localities witfss ! ) _ !
than three photosynthetically active leaves pepsab- ~ Whereas Mahdia, with the highest values, is
10 m at El Kantaoui (2.8 + 0.4 leaves per shoot). considered as normalP. oceanica meadows of
The number of intermediate leaves was significantlyMahdia -2m, characterised by the highest density,
lower at El Kantaoui meadow, as opposed to the numbecould be the result of a different substrate (Zak&a
of juvenile ones, the most abundant. and Charfi, 2005). In fact, rocky substrate camrctff
Significant differences were found in adult leaversgth ~ the morphological and growing variables of seagrass
and width both between localities and depth (Tal)e Il (Marba and Duarte, 1997; Mils and Fonseca, 2003;
El Kantaoui and Monastir meadows showed the shortespejrano et al., 2005; Di Carlo et al., 2006). The
adult leaf length while Mahdia exhibited the longese,  |4yest density and meadow cover were recorded at El
except at -?m depth (Table I!I)' . Kantaoui was probably related to pollution situatio
The I_eaf width decreaseo_l with the depth at El Kantaou as demonstrated by the high concentration of ocgani
and increased at Mahdia. El Kantaoui and Monastir : : ! .
carbon and micropollution detected in the sediment

showed the widest leaves at -2m. : o
The LAI differed significantly between localities dén layer (Pavoni et al., 2000). These conditions could

depth; indeed, a significant interaction betweemlites affec_t negatively the growth and survival of seagra
and depth was observed. LAl was significantly loiEat ~ species (Terrados et al., 1999).
Kantaoui, the highest value was recorded at Mahdia
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Table II.P. oceanicahealth parameters recorded in the four samplioglities at 2, 5 and 10 m of depth.

-2m -5m -10m
He EK Mo Ma He EK Mo Ma He EK Mo Ma
Cover (%) 95+1,9 50+8,5 75+ 6,1 95+ 3,7 80+6/4 +D1,8 [ 75+11,8/ 90+5,3 60+7,3 25+75 50+ 6 85+9
Shoot density (shoot 1) 631+16 | 388+42| 456+33 894+160 496+ P9 362+ | 402+22 487 + 40 267 £ 15 144 + 20 221+16 1441
Number of adult leaves per shoot 27+03| 2.8+03| 24+0] 3.4+£08 3+04 203 24+£03 3.7+03 3+04 24+038 202 3.7+£0.3
Number of intermediate leaves per shoot 2.2 +0.3 1+£0.2 3.1+£0.2 25+x0p 21=x0/4 163 26+0.2 20+0.2 1.8+0.8 04+0B 20.4 1.8+0.3
Number of juvenile leaves per shoot 14+02| 27x02( 0407 1.0+04 1+0.p 222 09+0.2 0.7+04 1.5+04 25+08 $£0.3 0.7+04
Mean adult leaf length (mm) 347+26 | 242+29( 253+17 294 +2p 379+ 386 188+ | 242 +12 418 + 37 301 +43 200 + 29 245 + 22 61
Mean adult leaf wide (mm) 9.5+0.1 11+0.2| 105+0. 8+0.2 94+01 9HB1 95+0.2 9+0.1 9.7+0.2 9.3+0.8 1083 | 9.7+0.3
Leaf Area Index (m2 m-2) 78+x02| 38x04 4+0.1 11+1.4 7.2+0/4 201 22+0.1 85+05 26+0.1 0.7+0.1 10.% 13+1.3
Coefficient A (%) 40.7 60.8 28 70 42.3 51.5 34.8 46 48 60 26 41
Shoot biomass (g per shoot) 0.6 +0.03| 04+0.03 0.3+0.] 0.5+0/1 0.8#0}00.25+0.03] 0.3+0.0 09+00p 05+0/03 @&ZB02| 0.35+0.04 1.4+0.2
Epiphyte weight (mg cm-2) 25+02| 566+08 1.7+01 031+01 14+Q527+03 | 0.3+0.03 0.26+0.01 1.6x0|1 3.3%0 0.8+0.1]| 0.5+0.0¢
Annual leaf production (leaves year-1) | 7.3+05| 6.8+x0.4| 7.7+0.3 7.7+0B 75+x04 .7¥03 7.1+0.2 75+04 7.8+0.B 69+05 +D4 7.4+0.8
Mean rhizome growth (mm year-1) 65+05| 6.1+x06| 7.2+0.4 6.1+x0p 9414 2407 54+05| 7.7+2.16 7.6+08 3.8+0/5 5404 8.1+1.3
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Table lll. Results of two-way ANOVA (fixed factorkcality (four levels, random) and depths (threxels, orthogonal to depth)) using data of covmwps density, number of adult
leaves per shoot, number of intermediate leaveshmsst, number of juvenile leaves per shoot, melait &af length and mean adult leaf width. TukeySD post hoc comparisons
with respect to the depths are showed in the bottom

Cover Shoot density Number of adult . Numper of Number of juvenile Adult leaf length Leaf wide

leaves intermediate leaves leaves

source of ¢ p

variation

Locality (L) 3 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 (0,<0)1} < 0.0001

Depth (D) 2 < 0.0001 < 0.0001 0.708 < 0.0001 0.024 < 0.0001 0.0001

(L x D) 6 < 0.0001 < 0.0001 0.229 0.008 0.010 < 0.0001 oe@mL
Ma=Ek;

EK*>Ma*>He**> He**>(Ma=Mo= EK**>Mo**>He

Tukey test 2 (He=Ma)*>Mo* Ma**>He**>Mo*
Mo EK) **>Ma

(Depth) *>EK *=EK EK=He=Mo;  Mo*>Ma**=He**>EK

Ma**>(He.Mo)

T He=Ma**>Mo*> Ma**>(He=Ek=M M Ll N g Ma**>He**>(Mo (EK. He.
5m He=Ma=Me=EK EK 0) Mo=Ma=He**>EK EK*>(Ma=He=Mo) ~EK) Mo)y*>Ma
10 Ma**>(He=M0)* Ma**>He**>Mo* Mf\lﬂ:()'-leE:KMO. Mo**>Ma**=He**>EK EK*>He*>(Ma= Ma**>He**>(Mo (Ma=He=EK);
m * >EK *>EK RN - Mo) =EK) Mo*>EK

(Ma=He)**>EK

(*p<0.05, **p<0.01)
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Table IV. Results of two-way ANOVA (fixed factorkcality (four levels, random) and depths (threeels, orthogonal to locality)) using data of LeakA Index, coefficient
A, shoot biomass, epiphyte weight, annual leaf petidn and rhizome growth. Tukey's HSD post hoc panisons with respect to the depths are showetkitvdttom.

Leaf Area Index Coefficient A Shoot biomass Epiphte weight per Annual leaf Rhizome growth
shoot production
Source of d.f.
variation
Locality (L) 3 < 0.0001 < 0.0001 < 0.0001 <0.0001 0.3227 <@00
Depth (D) < 0.0001 0.377 < 0.0001 < 0.0001 0.6594 0.1362
(L x D) 6 < 0.0001 0.001 < 0.0001 < 0.0001 0.0348 0.0002
Tukey test 2m Ma**>He**>(Mo=EK (Ma= EK)**>He*> He**>Ma*>EK*>Mo | EK*>He**>Mo**>M n.s Mo=EK=Ma=He
(Depth) ) Mo a
5m | Ma**>He**>(Mo=EK EK=Ma=He=Mo Ma**>He**>(Mo=EK | EK**>He**>(Mo=Ma) n.s (He=Ma)*>(Mo=EK)
) )
10m| Ma**>(He=Mo)**>E EK**>(Ma=He)**>M Ma**>He**>(Mo=EK EK**>He**>(Mo=Ma) n.s (He=Ma)**>(Mo=EK
K 0 )

(*p<0.05, **p<0.01)
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A reduce mean number of intermediate leavesTo conclude, several studies highlighted the
associated with a high juvenile ones was observed asensitivity of P. oceanica to different human

El Kantaoui. This has been recorded in Italian activities (Ruiz and Romero, 2003; Balestri et al.,
meadows exposed to urban and industrial waste004; Gonzalez-Correa et al., 2005). The different
(Balestri et al., 2004); the authors argued thghhi health status observed point out to different lesfel
intermediate leaves numbers could be the resw@hof disturbance along the coast. The meadow of El
overproduction related to physiological plant Kantaoui is clearly the worst of the four studiégs
responses under stressful conditions. due to high disturbances as a result of coastal
The short leaves of El Kantaoui meadows could beconstructions (water treatment plant, marina). Mahd
the result of pollution due to human activities ¢8h meadow shows the best vitality of all the studied
et al., 1995). Similar results were recorded nebam  meadows. However, the results obtained at Hergla
emissaries (Maggi et al., 1977) or fishing struetur and Monastir meadows indicated that those meadows
(Delgado et al., 1999; Ruiz et al.,, 2001). A secondcould be somewhat worst than expected.

hypothesis may be suggested concerning theOur results assess the health statud®.ofbceanica
reduction of leaves size by mechanical actionabt,f along the eastern coast of Tunisia and can be very
the epiphytic development may (i) make the leafkape useful to evaluate the average meadow status bger t
more fragile, leading to an increased breakage andime and to monitor their feed back as results of
thus to a reduction in leaf length (Harlin, 198@nd levels of environmental changes.

(i) generate an increase in grazing (Leoni et al.,

2006; Alcoverro et al., 1997). This is argued bg th BIBLIOGRAPHIE
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