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ABSTRACT
The primary production and the biomass cycle ofCymodocea nodosa (Ucria) Ascherson were calculated
monthly from November 2006 to October 2007 in GhaE&l Melh lagoon (N-E of Tunisia) : Two sampling
stations were selected in order to assess thensspaf the seagrass to lagoon conditions. Leaf tiravas
estimated using Zieman method and rhizome productias evaluated by marking rhizome terminals. The
vegetative development @&. nodosainside the lagoon at the limit of its distributias different from that
observed close to the communication channel withsga. The growth d. nodosashow a clear unimodal
cycle in the two stations reaching maximum leafaedepment in summer. Shoot density decreased frobn®1
500 shoot M from the communication channel toward the lagofime average total biomass varied between
241.6 + 34 g DW i and 413.8 + 46 g DW th Leaf plastochrone interval varied seasonally withannual
average of about 23 and 28 days. The average fedfigtivity decreased from 1.42 to 0.15 g DW dt inside
the lagoon. As for the annual leaf production, &swapproximately ten times higher near to commtioica
channel (518.6 g. DW tyear?) than inside the lagoon (54 g. DW?mgeaf'). Our results show also that the
biological characteristics d. nodosaat this limit of its distribution in the lagoon veéemore sensitive to the
variability of environmental parameters (insolatiarater temperature and salinity).
Keywords: Cymodocea nodosaoastal lagoon, primary production, biomassngsli

Résumé

La production primaire et le cycle de la biomasseCgmodocea nodoséUcria) Ascherson ont été calculés
mensuellement a partir de novembre 2006 a octob®& 2u niveau de la lagune de Ghar El Melh (NEade |
Tunisie). Deux stations d'échantillonnage ont éteciionnées afin d'évaluer la réponse des herlaexs
conditions lagunaires. La croissance des feuillégastimée en utilisant la méthode Zieman etdduzction du
rhizome a été évaluée par le marquage des rhizdreedéveloppement végétatif @& nodosd'intérieur de la
lagune a la limite de sa répartition est différ@atcellui observé a proximité du canal de commuitinavec la
mer. La croissance de. nodosamontre un cycle unimodal dans les deux statiotesgatant un développement
maximal des feuilles en été. La densité des faisceiminue de 915 & 500 faisceaux paf du canal de
communication vers l'intérieur de la lagune. Lansse totale varie entre 241,6 + 34 g s€cetd13,8 + 46 g
sec nt. Le plastochrone intervalle des feuilles variatfcon saisonniére, avec une moyenne annuelleidan
23-28 jours. La productivité moyenne des feuillesidue de 1,42 & 0,15 g sec?ji* & l'intérieur de la lagune.
Quant a la production annuelle de feuilles, elledes fois plus importante prés du canal de commatidon
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(518,6 g. sec than') qu'a l'intérieur de la lagune (54 g. se@ am?). Nos résultats montrent également que les
caractéristiques biologiques @e nodosaa la limite de sa distribution dans la laguneegtaplus sensibles a la
variabilité des paramétres environnementaux (eitisolent, la température et la salinité).

Mots-clés: Cymodocea nodosdagune cétiére, production primaire, biomasséniga. ..

shoots may suffer deterioration or mortality under
INTRODUCTION hypersaline conditions (Fernandez Torquemada &

Sanchez-Lizaso, 2006), while no significant changes
The ecological characteristics of organisms living were detected in a field study carried out by Pérez
coastal lagoons are related to high environmentallalavera & Quesada Ruiz (2001) in a meadow close
stress due to the alternating inputs of marine ando the brine discharge from a desalination plant.
freshwaters, in addition to the increased nutrientWith the aim of expanding knowledge of the effects
inputs due to human activities that have impacted o of lagoons conditions on key organisms, (1) we
coastal lagoons world-wide (Nixon, 1982; Masini & assess the growth and the vitality 6f nodosa
Manning, 1997). meadow (density, phenology, biomass and primary
Seagrasses are keystone species in many shalloproduction during the annual cycle (2006-2007), (2)
lagoons and estuaries providing a complex habitawe analyze the influence of lagoon conditions
and high rates of primary production for ecolodigal (insolation, water temperature and salinity) on
and economically important higher consumersseagrass morphology and production and (3) we
(Duarte & Cebrian, 1996; Short & Wyllie-Echeverria, compare the results obtained in the same period and
1996; Buia et al., 2000; Hemminga & Duarte, 2000;the same lagoon given by Sghaier et al. (2011) in
Short & Duarte, 2001; Duarte, 2002). Studies onorder to evaluate if the vegetative developmentof
seagrasses have documented that seagrass distributinodosa meadows inside the lagoon was different
and growth are strongly related to physiological from those under marine influence.
tolerances and other growth restrictions including
water temperature, light attenuation and salinity MATERIAL AND METHODS
zonation (Torquemada et al., 2005). Study site
Although most seagrasses can tolerate short-term
salinity fluctuations, salinity variations will The Ghar ElI Melh lagoon is a Mediterranean water
significantly affect some of the biochemical prases body, situated in Northern Tunisia, on the
involved in photosynthesis and growth, determining Northwestern side of the Gulf of Tunis (Fig. 1).€Th
the biomass, distribution and productivity of theselagoon has an elliptical shape of approximately 34
species (Montague & Ley, 1993; Hillman et al., 1995 km2 and an average depth of 0.8 m with a flat and
Chesnes & Montague, 2001). Along with salinity muddy bottom (Kock Rasmussen et al., 2009). A
levels, other important environmental factors cansingle channel connects the lagoon to the
vary, such as temperature or insolation, also aiffgc  Mediterranean Sea with a 10-70 m wide.
the distribution and growth of several seagrassDue to human activities (industry, agriculture and
species (Ogata & Matsui, 1965; Hillman et al., 1995 population increases) within the lagoon itself amd
Temperature can alter the metabolism or causdghe surrounding area, the lagoon ecosystem has
mortality at extreme values (Biebl & McRoy, 1971; suffered a  progressive  deterioration.  This
Drysdale & Barbour, 1975; Drew, 1979; Marsh et al., deterioration has led to reduction in biodiversity
1986). resulting mainly in a decrease in fish resourcesd an
Cymodocea nodos@Ucria) Ascherson is a common production (Romdhane, 1985).
seagrass species in the Mediterranean Sea, thk-NortAccording to Ben Alaya (1972), large monospecific
Atlantic coasts of Africa and South-Atlantic coa§t  beds ofC. nodosaconstituted the main marine plant
Europe and colonising also coastal areas of theeommunity in the lagoon in the early 197GS.
Canary Islands (Den Hartog, 1970; Reyes et al.nodosadeclined considerably and persisted only in
1995; Cunha & Duarte, 2007). This species may behe eastern part of the lagoon by the early 1980s
considered euryhaline, as it forms healthy standdRomdhane & Ktari-Chakroun, 1986). Between 1981
under a wide range of salinities (Pérez & Romero,and 1983, most of the lagoon was covered by beds of
1994), and this suggests it has a higher tolerémce Zostera noltii and Z. marina (Romdhane, 1985,
elevated salinities than other Mediterranean seagra Romdhane & Ktari-Chakroun, 1986) arRuppia
species (e.d?. oceanica maritima occurred mainly along the northern
However, only few studies are available on salinity shorelines (Shili et al., 2002). In the last decade
effect on biomass, growth and primary production of Ruppia cirrhosaand Cladophoraspp. were the most
C. nodosa (Fernandez-Torquemada & Sénchez- dominant macrophytes whil€. nodosaoccupied a
Lizaso, 2006; 2011; Pages et al, 2010). Somdimited area exposed to marine influence (Shilalet
preliminary experimental evidence indicates that 2002).

In order to assess the response of the seagrass to

lagoon conditions, we compare our results to tlodse
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Sghaier et al. (2011) assessed close to théeaf and rhizome production
communication channel with the sea. [Station |Twenty shoots ofCymodocea nodoswere marked
(37°09'22"N/10°13'14"E) ~ within  a  dense monthly 1 cm above the sheath of the oldest leaf
monospecific beds ofC. nodosi The Station Il according to Zieman (1974) method to estimate its
located inside the lagoon at the limit Gf nodosa leaf production; in the laboratory, the newly foxne
distribution (37°09'52"N/10°13'22"E). The meadows tissue was measured by the shift of the marking hol
were located in the subtidal zone, 50 m from shorealong each leaf. The leaf growth rate (g DW shoot-1
and at 50 cm depth (Fig. 1). d-1) and elongation (mm shoot-1 d-1) were estimated
Physico-chemical parameters by dividing the dry weight and the length of theane
Monthly insolation was obtained from Bizerte leaf tissue by the number of days in the experialent
regional meteorology office. Water temperature andperiod. An estimate of areal production (g DW m-2 d
salinity were measured monthly from November 1) was obtained as follows: mean leaf growth x mean
2006 to October 2007 using a salinometer (WTW shoot density.
Cond 315i, SUNTEX, Weilheim, Germany). The number of new leaves produced per shoot
between consecutive samplings and the leaf
Morphometrics, density, biomass and phenology Plastochrone Interval (PI: the number of days since
Monthly sampling was performed by snorkel from marking divided by the number of new leaves
November 2006 to October 2007 except for Juneproduced, i.e., the time interval between initiatiof
July and August when two samplings per month were €W leaves on a shoot) (Short & Duarte, 2001) were
performed. Shoot density @ymodocea nodosaas  @lso calculated. The leaf life span was derivednfro
measured in plots of 20x20 cm (10 replicates aheac the formulation of a spreadsheet in which each, leaf
sampling event). The plant biomass (above and’Umbered according to its position in the shoots wa
belowground) was measured using a 15 cm diametefnonitored monthly, taking into account both the
metal core sampler (5 random replicates at eactneéan number of leaves for each month and that of
sampling event). Replicates were taken about 1 nfiew leaves which appeared in the same period.
apart. Twenty shoots were collected randomly at theEvery three months, 20 plagiotropic rhizomes were
sampling station to measure plant morphometrics.  tagged with a plastic string before the last rhizom
In the laboratory, the number of leaves in the ophode and collected three months later. Their length

collected shoots was counted and separated int§icrease (mm day-1) was measured to estimate the
differentiated leaves (with sheath) and Seasonal rhizome growth (Short & Duarte, 2001).
undifferentiated leaves (without sheath). Leaf tang Rhizome and root production (below-ground
(from the meristem to the tip of the leaf), andflea Production) was estimated according to the diffeeen
width were measured. For each sample, the presendeetween the maximal and minimal biomass recorded
of male or female flowers was noted and theduring the year studied (De la Cruz & Hackney,
flowering percentage (no. of flowering shoots/total 1977).

no. of shoots x 100) was calculated (Pergent &

Pergent-Martini 1988). Shoots, rhizomes and roots

were dried separately at 60°C to a constant weight.
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Fig. 1. Study site located in Ghar El Melh lago8nB), Cymodocea nodosaeadows in grey color and
sampling sites Sl (Sghaier et al., 2011) and S)I (C
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Data analysis

Seasonal variation in insolation was analyzed ith
one-way ANOVA. Differences in water temperature,
salinity, morphometrics, shoot density, biomass ar

values reached in July for SI and in June for Bhie
leaf length was significantly (p < 0.001) higherSit
than SlI (Fig. 3C).

A

43 1 @Sl msII

leaf productivity were analyzed using two-way
ANOVA with the main effect of site and time. When
a significant difference among variables wa
observed, means were analyzed with Tukey
multiple comparison test to determine whict
variables were significantly different. Data were
tested for normality and homogeneity of variance t
meet the assumptions for parametric statisticsp®&im
linear regression analysis was used to examine t
relationships between physicochemical paramete
(water temperature, salinity and insolation) an
biological characteristics (shoot density, leafgim
leaf width, number of leave per shoot, total biospas
plastochrone interval, leaf growth rate, leaf gtowt
elongation, leaf life span, rhizome production an
rhizome growth). For all tests, the statistica
significance was set at p < 0.05.
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RESULTS

Environmental parameters

Water temperature displayed a clear annual patte .
with the lowest values (14°C) in February, and th
highest ones in September (31°C) for the statiamnd

in August (34°C) for the station Il (Fig. 2A). Saily
generally ranged from 37 to 39 psu for the station
and to 45 psu for the station Il with an importan
increase in summer (Fig. 2B). Monthly insolatior
showed typical seasonal variation (Fig. 2C). The
maximum monthly insolation was 396.3 hours in
July; the minimum was 144.6 hours in January. All
three parameters were highly correlated (Water
temperature and salinitp & 0.001, r2 = 0. 91), water
temperature and insolatiop € 0.001, r2 = 0.74)).

Ingolation (H)

M

M ]
2007

N D F

B I
2006

A T A § O

Fig. 2. Water temperature (A), salinity (B) and reu

of daylight (C) at the study sites (S| and Sli)nfro
November 2006 to October 2007.

Regarding the total biomass, Sl and SII showed
opposite trends (Fig. 4) with a lowest value atiSll
April and the highest one in May at Sl. The average
total biomass varied between 241.6 + 34 g DWan
Sl and 413.8 + 46 g DW Trat SlI. The above-ground
biomass exhibited a clear seasonal pattern with a
period of rapid increase in April-May, reaching
aximum value in June for Sll and in September for
Sl. Annual average aboveground biomass was lowest
in January-February at the two stations. Annual
average aboveground biomass was significantly
(Tablel, p < 0.001) higher at Sl (148.6 + 20.6 g DW
m?) than at SlI (45.9 + 9.6 g DW i Belowground

Seagrass density and phenology

The distribution ofCymodocea nodosen the study
area is similar to that reported by Shili et &20@2),
showing that the population distribution in Ghar El
Melh is stable. In this area (Fig. 1¥%. nodosa
colonizes 100 ha of pure population and a few m2 o
mixed, mainly withZostera noltii

The mean shoot density was significantly different
among the two stations (Table 1; Fig. 3A). It resth
915 + 166 shoots rhin Sl and decreased to 500 + 65

shoots nf inside the lagoon (Sl). . ShOOt_ density biomass was significantly (Table 1, p < 0.001) hige
showed a clear seasonal pattern, increasing durmgt SI (333.9 + 49.4 g DW 1) than at SIl (195.5 +

summer and autumn and decreasing during spring268 DW n?). The total aboveground biomass

and winter (Fig. 3A). The mean annual number of t ted for 21% of the total bi t
leaves per shoot was 3.7 £ 0.3 at Sl and 3.3 0.3 g(l)rgﬁgnlegn%a;fglljln edlor o ot the total biomass a

SII.(Fi_g_. 3B). The number of Ieaves per_shoot stbwe The occurrence of reproductive shoots was observed
a significant seasonal and spatial variation. only at SI during April, May and June, and
Both leaf length and width showed a regular seaisona.reloresenteol approximatel)’/ 50% of the tota{l shoot

fluctuations (Table 1, p < 0.001), with a maximum density at the sampling site in those months (539
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flowers m? in June) with a significant effect of time statistically insignificant (ANOVA, p = 0.207). The
(Table 1, p < 0.001). mean leaf lifetime was longest in February (200sday
at Sl and SllI) and shortest in June (41 days aasdl

2000 A @Sl wsl 56 days at SI).
1500 4 The daily leaf elongation followed a clearly uninabd
%‘g seasonal diagram (Fig. 5A), increased significantly
iE £ 1000 (Tablel, p < 0.001) between May to July and reached
g= its higest value in the begin of July. Moreover, an
=7 500 A important decraase was observed in the seconapart
July at Sll. The averge leaf elongation varied
0 significantly among stations (p < 0.001) and timpe<(
LI AL L L L R 0.001). The leaf productivity showed a clear seakon
— — pattern with the peak in July (0.207 g DW m-2 cafl)
. oSl msI Sl and in September (3._356 g DW m-2 _d-l) at Sl.
| B The average leaf productivity was approximately ten
7 times higher (p < 0.001) at Sl (1.42 g DW m-2 d-1)
5% 4 than at Sll (0.15 g DW m-2 d-1). The leaf
§__§ 3 - productivity varied significantly among stations <p
a; 5 0.001) and time (p < 0.001).
o -
0 4 1 A @S5I WSl
NDIJFMAMITI I I AAESEDO 50
2006 2007 -
250 4 ms] msnl éﬂé. il
_mq{ C EE 20 -
£ 150 10
?:.n 0
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Fig. 3. Monthly mean and standard erroCofnodosa
shoot density (A), leaves number per shodt of
nodosashoot in the different ranks (B) and length of
the leaves excluding sheath (C).
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(mm apex! day 1y

L= = " VU -
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600
Fig. 5. Monthly mean and standard error of daibf le
400 1 growth as leaf elongation rate (A) and daily rhizom
production rate (B).

[otal biomass
(glim)

200 4

The daily rhizome elongation (Fig. 5B) showed a
clear seasonal pattern (P < 0.001) with the lowest
rates in winter (0.18 mm apex-ct S| and 0.48 mm
apex d at Sll) and the highest ones in summer (2.65
mm apex & at Sl and 4.8 mm apex‘dt Sll) for the
both stations. The average daily rhizome elongation
varied significantly among stations (p <0.001). The
annual growth rate was 795 mg rhizome apek S|
and 1037.4 mg rhizome apéat SlI.

he Annual belowground primary production was
200 g DW nt year-1 at Sl and 368 g DW fyear*

J FM AM A 5 O

N D I T
2006 2007

Fig. 4. Monthly mean and standard error of total
biomass, above and below-ground (A) and below-
ground biomass (B).
Leaf and rhizome production
Leaf plastochrone interval (PI) varied seasonglly (
0.001) with an annual average of about 23 dayd at
and 28 days at Sll. The maximum Pl occurred in
November at SI and December at Sll. The annua . ;
Sl. As for the annual leaf production, it was

avrege Pl varied significantly among stations (€abl : . . )
L . . . approximately ten times higher at Sl (518.6 g. DW m
1, p < 0.001). the leaf lifetime varied with samgli zyeafl) than at SII (54 g. DW ﬁlyeafl).

time, and the difference between stations was

121



Bull. Inst. Natn. Scien. Tech. Mer de Salammb6, \38l. 2012

Correlation between biological characteristics and  (McMillan & Moseley, 1967; Walker, 1985; Walker
environmental parameters & McComb, 1990) and survival (Vermaat et al.,
In a linear regression of biological characteristio 2000). According to Pagés et al. (2010), salinity
environmental parameters monitored, the threeshould never exceed 44 psu inside the meadows, to
environmental parameters  (insolation,  water prevent deterioration d€. nodosaabitats.

temperature and salinity) were significant factors Seasonal variations in seagrass characteristice hav
(Table 2). The biological characteristics@fnodosa been attributed to seasonal changes in irradiande a
seem to be more sensitive to the environmentain water temperature (Duarte, 1989F. nodosa
parameters variation at Sll than at Sl. Indeed, theproductivity, biomass and shoot size usually inseea
environmental parameters were  significantly with water temperature and light availability dgin
correlated to 10 biological characteristics at & &0 spring and summer, and decrease during autumn and
12 at Sll. The water temperature variation willthe  winter (Terrados & Roés, 1992; Reyes et al., 1995;
determinant factor influencing the annual growtkd an Cancemi et al., 2002; Agostini et al., 2003; Cugha
production variability ofC. nodosain the Ghar EI  Duarte, 2007).

Melh lagoon. This variation in water temperature The shoot densities recorded were lower than those
explained the annual variability of eight biolodica recorded in the Atlantic (Reyes et al., 1995; Cu&ha
characteristics at Sl and all biological charastars Duarte, 2007; Terrados & Rés, 1992), as well as
at Sll, except those of rhizome growth and those reported from Mediterranean Sea (Pérez, 1989;
production. The insolation variation was signifitgn  Cancemi et al., 2002; Rismondo et al., 1997; Agosti
correlated to 9 biological characteristics at S &0 et al., 2003), with the exception of those repotigd

at Sll, while the salinity was only correlated to 7 Mostafa (1996), Van Lent et al. (1991), Terrados et
biological characteristics at SI and eight at Sll. al. (2006) and Barbera et al. (2005).

Changes in rhizome growth were independent of the_eaf phenology ofC. nodosaat Ghar El Melh lagoon
seasonal variation in insolation and water showed a seasonal behaviour with its highest
temperature, and salinity did not exhibit signifita leafiness in spring-summer, when the mean highest

relationships with biological characteristics. values in the number of leaves per shoot, the kengt
and width of the leaves were recorded. The number o

DISCUSSION leaves per shoot recorded is of the same order of
magnitude than those found in other localities (&ab
3).

The vegetative development 6f nodosainside the i
lagoon at the limit of its distribution is differefrom 1 N€ biomass cycle o€. nodosashowed a seasonal

that observed by Sghaier et al. (2011) close to thdnodel similar to that observed for the same seagras

communication channel with the sea. The values offP€Ci€S in marine Mediterranean .and Atlantic
the studied morphological variables were environments (Terrados & ROs, 1992; Reyes et al.,

significantly low from those recorded in the statio 1995 Cancemi et al., 2002; Agostini et al., 2003).
near to the communication channel (Sghaier et al.] N€ total biomass was lower than recorded in Ebro
2011). Furthermore, our results show also thatDelta, Spain (Perez, 1989), in Ria Formosa, Pottuga
biological characteristics d. nodosaat the limit of ~ (Cunha & Duarte, 2007), in the lagoon of Venice,
its distribution in the lagoon were more sensitige t@ly (Rismondo et al., 1997), in Urbinu lagoon,

the variability of environmental parameters France (Agostini et al., 2003) and in the Golf of

(insolation, water temperature and salinity). Trieste, Italy (Peduzzi & Vukowj 1990). These

Shoot density, number of leaves per shoot legfvariations mainly reflect the seasonality obserired

production and elongation and total biomass werell® @bove-ground biomass as well as in the density

strongly reduced in warm months (July and August)th€ Shoots.
at SII. The decrease of ti@ nodosaproductivity in " the Ghar El Melh lagoonCymodocea nodosa

21
this area could be related to the salinity stragpgr ~ Produced between 13 to 16 Ieaves/sﬁgaiar , the
salinity recorded in summer up to 45 psu). same annual value calculated by Pérez (1989), Reyes

In fact, experimental studies on seagrass toleramce €t @l- (1995) and Cancemi et al. (2002) and shghtl
salinity changes have shown that most species havBigner than that reported by Terrados & Ros (1992)
optimum productivity at around oceanic salinity {33 and Peduz_Z| & _\1/uko%| (1990) of 11-12 gnd 10
37 psu) (Ogata & Matsui, 1965; McMillan & leaves shth year’, respectively. The leaf life span
Moseley, 1967; Biebl & McRoy, 1971; Drysdale & and the rhizome growth values estimated in the Ghar
Barbour, 1975; Hillman et al., 1995; Doering & El Melh lagoon were consistent with the data regubrt

Chamberlain, 1998; Chesnes & Montague, 2001)PY other authors (Table 3).

These investigations have demonstrated that extremk€2f Production and the annual leaf productiorhat t
or suboptimal salinities can produce negative“m't of the distribution ofC. nodosan Ghar El Melh

alterations of their photosynthetic rate (Biebl & Wereé the lowest values estimated in both

McRoy, 1971; Kerr & Strother, 1985; Dawes et al., Mediterranean Sea and Atlantic Ocean. _
1987, 1989), metabolism (van Katwijk et al., 1999), To conclude, despite the high adaptation capaoity t

reproduction (Ramage & Schiel, 1998), growth environmental variability of C. nodosa the
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distribution of this species in Ghar El Melh is lied of belowground biomass of a Juncus tidal

by the poor growth conditions and the higher safini marsh.Ecology 58: 1165-1170.

inside the lagoon. Our study could be very usasul f Den Hartog C. 1970 — Seagrasses of the World.

further restoration of the Ghar EI Melh lagoon. North-Holland, Amsterdam.

Drew E.A. 1979 — Physiological aspects of primary
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