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RESUME

Modélisation de la culture deGracilaria verrucosa(Hudson) Papenfussau laboratoire en fonction des
concentrations en nutriments et différents niveauxde salinité : L'exploitation des algues rouges appartenant
au genre Gracilaria pour l'extraction de l'agaoms@érablement augmenté au cours des derniereariés. En
Tunisie Gracilaria verrucosa(Hudson) Papenfuss 1950 (Rhodophyta), est camdigatir la culture dans la
lagune de Bizerte (Nord de la Tunisie) ou ne poasgesur une courte période de I'année. Ainsiutede cette
étude est de recueillir des informations de baseacroissance dans cette région. Les effets dalilzité des
sources d'azote et du phosphore ainsi que leureettrations sur la croissance de cette alguetérétédiés a
I'échelle de laboratoire en utilisant la méthod@ade surface des réponses. Afin de déterminentesactions
entre les variables et les niveaux optimaux dedegsiers, un plan central composite (PCD) a étéleyépLa
température a été maintenue a 20 ° C. Le coeffidendétermination (8 est de 0,80, ce qui montre que le
modéle quadratique développé est satisfaisanndrsalité des thalles d8. verrucosas'est produite lors que la
salinité est inferieur a 25 %.. Les résultats diDRfilisé montrent que le poids final des thallasaugmenté
lorsque les concentrations d'ammonium et de nitpaetesent de 0,01 mg / I a 25 mg / l et 2 mg / |
respectivement. Lorsque les concentrations dépassen valeurs, le taux de croissance a chuté
considérablement. Ces résultats préliminaires déemnque la culture deG. verrucosadans la lagune est
limitée.

Mots clés :Lagune de Bizerte, Gracilaria verrrrucosa, Saljiii@monium, Nitrates, surface desréponses

ABSTRACT

The exploitation of macroalgae of the gerscilaria for agar extraction has increased significantlyeioent
decades. In Tunisi&racilaria verrucosa(Hudson) Papenfusk950 (Rhodophyta), is a candidate species for
mariculture in Bizerte lagoon (North Tunisia) whgrews only in late spring and early winter. Thilg aim of
this study was to gather basic information aboatdhowth rates of Grerrucosain this region. The effects of
salinity, nitrogen and phosphorus sources and cdrateons on growth rates &. verrucosavere investigated
using response surface methodology at a laboracaie. In order to discover the interactions betwtw
variables and the optimum levels of these varigbteCentral Composite Design (CCD) was employed.
Temperature was maintained at 20°C. Analysis ofamae exhibited a high coefficient of determinatidtf)
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value of 0.80 and ensured that the quadratic medel the experimental data was a satisfactory @hoic
Mortality of the G. verrucosathalli occurred when salinity dropped below 25 %he CCD results showed
increased growth rate when the ammonium and nitrateentrations increased from 0.01mg/l to 2.5ragd
2mg/l respectively, but when concentrations excddbtlese values, the growth rate dropped signifiganiile
no change occurred with increasing phosphate caratem. These results demonstrate the limited ri@@teof
G. verrucosdor mariculture in this area.

Keywords: Bizerte lagoon(Gracilaria verrucosa Growth; Salinity; Ammonium; Nitrate; Responsefaae

INTRODUCTION

be identified by using factorial design and Respons
Seaweeds belonging to the gef@rscilaria are very ~ Surface Methodology. Response Surface
important as a food for humans and marine animalsMethodology (RSM) is a statistical technique, based
and also as a source of industrial agars (ZemkeenVhi on the fundamental principles of statistics,
and Ohno, 1999)Gracilaria spp are currently the randomization, replication and, duplication, which
most economically important cultured agarophyte,simplifies the optimization by studying the mutual
producing approximately 60% of the word’'s agar interactions among the variables over a range of
production (Tseng, 2001). Commercial cultivation is values in a statistically valid manner. It is aficdéént
performed on a very large scale in several cowntrie statistical technique for optimization of multiple
such as Chile, China and Taiwan (Dawes, 1995) buvariables in order to predict the best performance
its potential as a commercial crop in Tunisia remma conditions with a minimum number of experiments.
undeveloped (Mensi et al., 2009). The main objective of our work was to study the
The distribution of G. verrucosain Tunisia is chemical and physical conditions (salinity,
restricted to lagoon areas where salinity undergoesmmonium, nitrate and phosphate concentrations)
seasonal fluctuations from 20%. or less in winter towherein G. verrucosahas an optimal growth. A
40 %o or more in summer (Ksouri et al., 1998). This Central Composite Design (CCD) was used to
study addresses the question of whether extremelucidate the influences of fluctuating salinitydan
values of salinity are limiting toG. verrucosa  nutrient availability on seasonal variations of
Nutrients supply fluctuates strongly with season.biomass/abundance G verrucosaThe growth rate,
Ammonium (NH"), nitrate (NQ") and phosphate salinity range, optima, and the interactions betwee
(PO) reach an annual maximum of around 5 mg/l nutrients and salinity on algal growth were
(ammonium and nitrate concentration) and 2mg/Idetermined by exposing algae to varying salinity
(phosphate concentration) in later winter and earlyranging from 20 to 40 %o in seawater enriched with o
spring. Nitrate and ammonium, is quickly consumedwithout nutrients. The "minimum" level of
by spring phytoplankton blooms and falls below ammonium, nitrate and phosphate in the experimental
1mg/l by late spring, remaining at that low level design was ambient seawater. The high, central and
through the summer (Sakka et al.,2008). Intermediat star points of CCD design were much greater than
concentrations were observed in autumn (Mansouriconcentrations encountered in ambient seawater
1996). Most of the available dissolved inorganic environment. However, we attained these values in
nitrogen came primarily short-term pulsing of high Bizerte lagoon.
concentrations of N and P that is routinely used
locally to maintain mass cultures @&. tikvahiae MATERIALS AND METHODS
(Ryther et al., 1981; Lapointe, 1985). Thus it is
important to study the possible impact of the 1. Seaweed collection and pre-culture
exposure of these N and P pulses@nverrucosa Clean healthys. verrucosaHudson) Papenfuss were
over a longer period of time. selected and collected, in March, 2010 from Bizerte
Correlations of Gracilaria growth with various lagoon located on the north of Tunisia (37°8'-
environmental factors have been suggested undeB7°14'N, 9°48’- 9°56’'E) and transported back to the
laboratory cultures by various studies (Wong andlaboratory in 25 litre plastic containers. The sgea
Chang, 2000; Costanzo et al., 200@u and Dong, sheltered estuary (1m water depth), with a salinity
2001). It has not been possible to determine a@grcl range of 30-35%., a temperature range of 17-20°C
individual cause and effect relationships underand low visibility (Mensi et al., 2009).
natural conditions, as one cannot distinguish betwe Algae were brought to the laboratory, cleaned of
individual factors that may simultaneously fluceiat epiphytes, and washed in filtered seawater. Stock
However, statistical experimental designs provide a cultures were maintained in 14 litres of medium in
efficient approach that accounts for these intesast five aerated 20 litre glass aquarium in a “walk in”
is possible, and could identify the most significan culture room under standard conditions of 20°C,
factors affectings. verrucosagrowth. A combination  36%o, 12 h: 12 h light: dark (L:D) cycle provided by
of factors generating a certain optimal response ca cool-white fluorescent light (1000 lux). This
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experimental step was carried out to deplete miie continually in 0.6 litres of treated natural seasvat
stores within the algae and obtain homogenous.thall which was replaced every three days. To maintan th
required nutrient concentration, 0.6 ml of nutrient
2. Experimental G. verrucosaculture stock solution corresponding to the desired
Algae sampleOnly thalli of the same colour and at experimental run and 0.6 ml of enriched natural
the same stage of the development cycle with similaseawater were added. The frequency of the
ratio surfaces/volume were selected. This procedureeplacement of the culture medium was determined
was adopted to minimize the variation coefficieht o by preliminary experiments. Algae were gently
our experimental units, thus thalli with similar aerated to facilitate nutrient uptake by preventing
lengths and morphology were selected based on thexcessive diffusion. The treatment was performed in
model suggested by Hanisak et al., (1990). triplicate for duration of three weeks. On*2day of
Natural seawater treatment and storag@ffshore  the experiment, a final weight rate was recorded fo
seawater free from pollution was collected in ptast the algae.
bottles, in April 2010. Bottles were filled and
returned to the laboratory for filtration. The wate 3. Experiment designs and statistical analysis
was filtered to 0.45 mm with membrane filters (GF As the first step in analysis, the optimization &f
Whatman filter with 4@m of diameter). No special verrucosagrowth, RSM and central composite design
treatment was performed to remove dissolvedwere used to analyze the main factors influencing
inorganic matter. Seawater salinity was 36%o.. Féter growth. This design was composed df factorial
seawater was stored in 20 litre plastic carboys andlesign (runl-16), 8 star points (run 16-24) and 2
kept cool in refrigerated dark room for subsequentreplicates (run 25 — 26) thus 26 experiments were
use. Sterilization was performed by the addition ofneeded in total. Table Il lists independent vagab
sodium hypochloride bleach. Typically, 1 to 5 ml of levels ( -2,-1,0,1,2) and their values used fortregn
this commercial bleach was added per liter of water composite rotatable design. The variables wereatode
and after gentle mixing, the water was left to dtan according to Eq.(1):
(without mixing or aeration) for several hours iarlkd  x;= (X;- X)/AX;; i=1,2,.......  k (1)
room. Bleach treated water was neutralized withWhere xi and Xi are the dimensionless and the &ctua
sodium thiosulfate (N&,0; - 5H0). One ml of the values of the independent variable i, X0 is thaialct
sodium thiosulfate solution was added for each 4 mivalue of the independent variable at the centretpoi
of bleach used. The sodium thiosulfate solutionandAXi is the step change of Xi corresponding to a
consisted of 250 g of sodium thiosulfate dissolired unit variation of the dimensionless value. The
1 litre of water. experimental data allowed the development of
Enriched natural seawater preparatiomhe enriched empirical models describing the interrelationship
seawater medium used was a modified Von Stosclbetween operational and experimental variable by
(Grund) medium according to Harrison and Bergesequation including linear, interaction and quadrati
(2005). This medium is suitable for growing many terms. The quadratic model for predicting the optim
different red types of seaweed (Guiry and pointwas expressed as Eq. (2):
Cunningham, 1984). In an effort to reduce bacterialY = By + Zp; xi+ Zpi x° + By xi X, i=1;2; ...,
growth the Tris buffer used in Grund Medium was k; j=1;2;...;k; i #] (2)
removed from the protocol. To prepare the medium,
940 ml of treated seawater (as indicated aboveg werHere Y represents the growiis the value of fitted
pasteurized and 10 ml each of the stock solutiongesponse at the centre point of desfgrfi; andp; are
(table 1) were added aseptically; the medium wasthe linear, quadratic and interaction terms
subsequently autoclaved. All constituents andrespectively. In the studyG. verrucosagrowth was
vitamins used to prepare stock solution are inditat processed via Eq. (2) including ANOVA to obtain the
in table I1. interaction between the variables and the responses
Stocks solutions of nutrientammonium, nitrate and The determination coefficieri® value, coefficients
phosphates were prepared according to Table Illof variation (CV) and model significanc&-{alue)
NaNQO;, NH,Cl and KHPQ, were used to prepare were used to judge the adequacy of the model. Where
ammonium, nitrate and phosphate stock solutionsR*> (the coefficient of determination), is the
used in experiment. proportion of variation in the response attributed
Experimental culture setup:After three weeks the model rather than to random error. Fhgalues
without any nutrient addition, algae were removedare used as a tool to check the significance df eac
from aquaria and placed into 2 litre glass flasks.the coefficients. The coefficient of variation (Cig)
About 2g (fresh weight) ofracilaria was cultured
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Table I:von Stosch (Grund) Medium (frohfiarrison and Berges, 2005)

Component Stock Solution Volume Concentration in Final
(gL *dH,0) (ml) Medium (M)
Thiamine HCI (vitamin B1) - 10 5.93 x 0
Biotin (vitamin H) 0.1 1 4.09 x 19
Cyanocobalamin (vitamin B12) 0.2 1 1.48 x°10

Table II: Vitamins Stock Solution (from Harrison and Berges, 2005)

Component Stock Solution (gL Volume Concentration in Final

'dH,0) (ml) Medium (M)
NaoB-glycerophophate 5.36 10 2.48%10
NaNG; 42.52 10 5.00x10
FeS04.7H20 0.28 10 1.00x10
MnCI2.4H20 1.96 10 1.00x10
Na2EDTA.2H20 3.72 10 1.00x10
Vitamins stock solution (see Table 2)

Table III. Process variables in coded and actual units

Variables Salinity Ammonium
%0 (mall) Nitrate Phosphate
(mg/l (mg/l)
Symbole X1 Xo X3 X4
-2 20 0 0 0
-1 25 2 2 0.5
0 30 3 3 1
1 35 4 4 15
2 40 5 5 2

the ratio of the standard error of estimate torttean  the eigenvalues which will describe the curvatufe o
value of the observed response and is expressad aghe response. The constas is the calculated
percentage. The effects of each variable wereresponse value at the stationary point. The statjon
determined by statistical software, STATISTICA point, if it exists, is the solution to Eq (4) anduld
(StatSoft, Inc., 2008). represent a point of maximum response, a point of
In the second step of analysis, the response fumxti  minimum response, or a saddle point.

was analyzed by canonical analysis, a method of oY oY

rewriting a fitted second-degree equation in a form ——=5—=..=0

that describe the nature of the stationary poidtthe 4

nature of the system around the stationary pomt (i The algebraic signs of the eigenvalues provide an
which it can be more readily understood). This isidea about the nature of its stationary point.hié t
accomplished by a rotation of axes that remove allvalues are all negative, it is a maximum; if all
cross-product terms. |If desired, this may be positive, it is a minimum, and if the signs are eulx
accompanied by a change of origin to remove first-it is a saddle point.

order terms. Using this new coordinate system, the

second-order model equations are simplified and itsRESULTS AND DISCUSSION

geometrical nature becomes apparent. The equation

developed by the transformation called the candnicaTable IV shows the independent variables which

form of the model was illustrated in Eq. (3): were used to optimiz&. verrucosagrowth and their
Y=Y Zhw  (3) values at different coded and actual levels. Aswsho

wherew; (j = 1, 2, 3,4) denotes the transformed there was a considerable variation in tBecilaria

independent variables or the canonical varialijes. verrucosa growth depending on the four chosen

variables. The maximum growth (>3.20) was
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Table IV : Central composite design (CCD). Factors are x;-salinity (%o); x.-ammonium (mg/1); x3-nitrate
(mg/1); x4-phosphorus (mg/1). The factors levels are 20 and 40 %o for x;, 0 and 6 mg/1 for x2, 0 and 6 mg/1
for x3, 0 and 2 mg/1 for x,.

Run X1 X2 X3 X4 Weight
(8)
1 -1 -1 -1 -1 0
2 -1 -1 -1 1 0
3 -1 -1 +1 -1 0
4 -1 -1 +1 1 0
5 -1 +1 -1 -1 0
6 -1 +1 -1 1 0
7 -1 +1 +1 -1 0
8 -1 +1 +1 1 0
9 +1 -1 -1 -1 3.27
10 +1 -1 -1 1 2.95
11 +1 -1 +1 -1 3.06
12 +1 -1 +1 1 3.10
13 +1 +1 -1 -1 3.01
14 +1 +1 -1 1 2.62
15 +1 +1 +1 -1 2.36
16 +1 +1 +1 1 0
17 -2 0 0 0 0
18 2 0 0 0 2.96
19 0 -2 0 0 2.88
20 0 2 0 0 0
21 0 0 -2 0 2.90
22 0 0 2 0 0
23 0 0 0 -2 2.77
24 0 0 0 2 2.45
25 0 0 0 0 2.50
26 0 0 0 0 2.80

verrucosagrowth, whilexz andx, were fixed at it mid
achieved in run number 15, whilst mortality was levels. The contour plots indicated that no
observed in many runs particularly in salinity interactions between salinity and ammonium
treatments lower than 30 %eo. concentration were found to contribute to the
An examination of the behavior of the system and aresponse at a significant levé&h. verrucosagrowth
determination of optimum conditions were increased gradually with the increasing salinity an
performed. Canonical analysis was conducted, usinggmmonium concentration (figure 1a). When salinity
the normal form of the second-order model in : levels were low the effect of ammonium on the
Y = 3.54 - 0.38v,%- 0.34n,° - 0.33w3° (6) response was insignificantG. verrucosa growth
Eigenvalues from the canonical transformation ef th increased with increasing salinity and ammonium up
response surface were used to interpret the nafure to 38%. and 2.5 mg/l but subsequently decreased
the stationary point. The eigenvalues of the slowly beyond these respective points of salinitd a
transformed system were equal to - 0.33, - 0.34, ammonium concentration. Figure 1b shows the
0.33. Thus, the stationary point is a maximumh# t effects of salinity X;) and nitrate concentratiornxj
stationary point is outside the region of explamti onG. verrucosagrowth, whilst the other variables are
for fitting the second-order model and one or morefixed at mid level. There were no evident interacti
eigenvalues are near zero, another canonical shoulcklationships existing between the two independent
be used. variables and the response variable. It was evident
Three-dimensional response plots and theirthat at low nitrate concentration, the effect dfrsty
corresponding contour plots for th®. verrucosa on G. verrucosagrowth was negligible. Growth
growth by the above model are shown in figures l.increased when the salinity and nitrate concewimati
Figure l1a depicts the three-dimensional plot asd it increase up to 38%. and 2 mg/l and decrease slowly
respective contour plot showing the effects ofrégli  when nutrients concentrations increased.

(x1) and ammonium concentratioxyf onG. Reducing salinity to 30 %o or lower had a signifitan
effect on the growth rate d&. verrucosa In batch
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cultivation, the growing apexes of the thalli twine Response Surface Methodology plots was
white and the alga stopped growing in advance @f th generated using the data shown in Table V. Inputs
whole thalli turned white and dying. Deterioratioh  were the 26 experimental runs carried out under

the thalli was observed after one week of culture,the conditions established by the Central
indicating low tolerance of this species to reducedComposite Design. (a) Final weight (g) as a
salinity. The results in our study concur with poas function of ammonium and salinity. (b) Final
studies (Bird, 1988 and Choi et al., 2006) who weight (g) as a function of salinity and nitrate. (c)
indicated that salinity of less then 25%. negatively Final weight (g) as a function of ammonium and
affected Gracilaria growth. Sfriso et al. (1987); nitrate. (d) Final weight (g) as a function of
Kamer and Fong, (2000) also recorded decreasedmmonium and phosphate. (e) Final weight (g) as
weight and accumulation of NH in the water a function of nitrate and phosphate. (f) Final
column with low salinity. Salinities above 38%. weight (g) as a function of salinity and phosphate.
threshold reduce¢s. verrucosagrowth significantly — The value of the missing independent variable in
(Marinho-soriano et al., 2006). each plot was kept at the center point

Lower salinity occurs naturally in Bizerte lagoaor f

long periods throughout the year due to large wput Figures 1d, 1e and 1f, shows the interaction oauyirr
from precipitation and runoff from the surrounding between phosphate concentratiory (and others
watershed. Winter months are cool with high rainfal factors. the surface presents a stationary ridgée dn
and summers are warm and dry with little or nosingle point maximum or minimum, but a line of
rainfall. Consequently salinity in winter drops @l maxima). The contour plots indicated that the
30 %o and in summer rises to reach 40 %o (Harzallahjnteractions between phosphate and others factors
2003). G. verrucosawas largely absent in the were not significant. Furthermore the effect of
lagoon during these two periods of the year, bat th phosphate ofs. verrucosagrowth was the same with
lagoon experienced significantly increased bionmass low or high levels. In this study,comparison of the
spring and autumn when salinities were between 3@issolved inorganic nitrogen to phosphate suggested
and 38 %o (Ksouri et al., 1998). Spring growth is that nitrogen, rather than phosphate limit
superior to that in autumn. Howev@&. verrucosa productivity. In general, a 10:1 proportion of N&
growth may be affected not only by salinity but by used to obtain the best growth responses in seaweed
others factors. (Friedlander and Levy, 1995). These results were
Growth rate of G. verrucosa increased with contrary to our study; we did not find differght
increasing NH* and NQ@  concentration growth rates of Gverrucosabetween N/P ratio of
simultaneously. This result is consistent with ho§  10:0 and 10:2. Furthermore, the effect of phosphate
Bjornsater and Wheeler (1990) who found that bothon G. verrucosa growth was not observed to be
photosynthesis rate and growth rateGofsiaticaand  negative in nature. According to Navarro-Angulo and
G.tikvahiac increased under high nitrogen Robledo, (1999), at ratios of 10:0; Gornea
concentrations. Maximal growth &. verrucosavas  presented lower growth rates than at 10:1 ratios,
supported by equal concentrations of Ndnd NQ'. whereas a negative effect of P was detected when
Our results were consistent with those of Thomtas 10:10 ratios were tested. Differences in resulty ma
al., (1987), but not with D'Elia and DeBoer, (1978) ; be attributed to species specific responses tdidsra
Ryther et al., (1981); Thomas et Harrison, (1985)

and Rees,( 2003 ), who found tt@tacilaria grows ~ CONCLUSIONS

more successfully on NA than NQ. However, it

appears that the difference between these studigs m Results from this study have demonstrated the
be due to environment conditions, essentiallyfeasibility of using response surface methodolayy i
temperature. A positive correlation between studying G. verrucosa growth under lagoon
absorption rate of nitrate and temperature wascondition. In conclusion, Gracilaria verrucosa
reported (Nishihara and al., 2005). According toitSm growth was mainly affected by salinity. By reducing
(2002), Gracilaria sp. appears to have a higher salinity to 25 %o or low growth in apex thalli was
affinity for NH," than for NQ at low temperatures, inhibited, thalli subsequently turned white andddie
but this difference is lost at 20 °C. Our resullsba An excess concentration of individual variables had
showed that the growth rate @&. verrucosafell no effect in the case of phosphate but did have a
when NH' and NQ concentration went beyond negative effect (in the case of salinity, ammonium
critical points, which were 25 and 2mg/l and nitrate) ois. verrucosagrowth. We conclude
respectively. As concentration of these two nutsen

increases, the growth rate of Grrucosagradually

fell, which is in agreement with the results repdrt

by Hanisak (1990) and Yu and Yang (2008).
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Fig.1. Three dimensional contour plots for the maximum final weight.

from this study that the optimal growth is obtained
with the salinities ranging between 30 and 38 %o,
with equal concentrations of ammonium and nitrate
and lower phosphate concentrations.
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The results of this study show that the growth
values obtained b§. verrucosan this lagoon were
not satisfactory to suggest implementing viable
commercial scale cultivations in this particular
lagoon area according to our model.
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Table V : Analysis of variance (ANOVA) for the response surface quadratic model

Degrees of Sum of Mean
freedom Squares Squares F test P value

Linear
Nitrates 3.47 1.00 3.47 5.73 0.03
Ammonium 4.29 1.00 4.29 7.08 0.02
Salinity 28.80 1.00 28.80 47.50 0.00
Square
Nitrates 2.52 1.00 2.52 4.15 0.06
Ammonium 2.56 1.00 2.56 4.22 0.05
Salinity 241 1.00 241 3.97 0.06
Residual error 11.52 19.00 0.61
Total 52.69 25.00
BIBLIOGRAPHY nutrition of cultured seaweeds. Hydrobiologia,

204/205, 79 - 87
Bird, K.T., 1988. Agar production and quality from Harrison, P. J., Berges, J. A., 2005. Marine Caltur

Gracilaria sp. Strain G-16: effects of Media. In : Andersen Robert A. (Ed), Algal
environmental factors. Botanica marina 31, 33- Culturing Techniques. Elsevier Academic
38 Press, Oxford, UK
Bjornsater, B.R., Wheeler, A., 1990. Effect of Harzallah, A., 2003. Polluant advection in the Bige
nitrogen and phosphorous supply on growth lagoon simulated by a water circulation model.
and tissue composition of Ulva fenestrate and Bull. Inst. Nat. Scien. Tech. Mer de Salammb6
Enteromorpha intestinalis 30, 20-26 (in French with English abstract).
(Ulvales,Chorophyta). J. Phycol. 26, 603-611. Joglekar, A. M., 2003. Statistical Methods for Six
Choi, H.G., Kim, Y.S., Kim, J.H., Lee, S.J., Park, Sigma : In R & D and Manufacturing
E.J., Ryu, J.,, Nam, K.W., 2006. Effects of Published by John Wiley & Sons, Inc.,
temperature and salinity on the growth of Hoboken, New Jersey
Gracilaria verrucosaand G. chorda with the  Kamer, K., Fong, P., 2000. A fluctuating salinity
potential for mariculture in Korea. J. Appl. regime mitigates the negative effects of
Phycol. 18, 269-277 reduced salinity on the estuarine macroalga,
Costanzo, S.D., O’'Donohue, M.J., Dennison, W.C., Enteromorpha intestinaligL.) link. J. Exp.
2000. Gracilaria Edulis (Rhodophyta) as a Mar. Biol. Ecol. 254, 53 —69
Biological indicator of pulsed nutrients in Ksouri, J., Ben Said, R., 1998. Cartography and
oligotrophic waters. J. Phycol., 36, 680-685. biomass of the agorophyt@racilaria sp. in
D’Elia, C.F., DeBoer., J. A., 1978. Nutritional Bizerte lagoon. Bull. Inst. Nat. Scien. Tech.
studies of two red algae. Il. Kinetics of Mer de Salammbé 25, 17-34 (in French with
ammonium and nitrate uptake. J. Phycol. 14, English abstract).
266-272 Lapointe, B.E., 1985. Strategies for pulsed nutrien
Dawes, C.P., 1995. Suspended cultivation of supply to Gracilaria cultures in the Florida
Gracilaria in the sea. J. Appl. Phycol. 7, 303— Keys: Interactions between concentration and
313. frequency of nutrient pulses. J. Exp. Mar. Biol.
Friedlander, M., Levy, ., 1995. Cultivation of Ecol. 93, 211-222.
Gracilaria in outdoor tanks and ponds. J. Appl. Liu, J-W., Dong, S-L., 2001. Comparative studies on
Phycol. 7, 315-324. utilizing nitrogen capacity between two
Guiry, M., Cunningham, E., 1984. Photoperiodic and macroalgaeGracilaria tenuistipitata var. liui
temperature responses in the reproduction of (Rhodophyta) and Ulva pertusa (Chlorophyata)
the northeastern AtlantiGigartina acicularis I. Nitrogen storage unde nitrogen enrichment
(Rhodophyta: Gigartinales). Phycologi23, and starvation. J. Environ. Sci., 13, 318-322.
357-67. Mansouri, T., 1996. Application de la télédétectain
Hanisak, D. M., 1990. The use dBracilaria des systémes d'information géographiques a
tikvahiae (Gracilariales, Rhodophyta) as a I'étude du fonctionnement hydrologique du lac
model system to understand the nitrogen de Bizerte et de son bassin versant. DEA, Fac.

120



Bull. Inst. Natn. Scien. Tech. Mer de Salammb6, \28l. 2011

Sci. Tunis, 84p (in French with English Sfriso, A., Marcomini, A., Pavoni, B., 1987.

abstract). Relationships between macroalgal biomass and

Marinho-Soriano, E., Moreira, W.S.C., Carneiro nutrient concentrations in a hypertrophic area
M.A.A., 2006. Some aspects of the growth of of the Venice Lagoon Italy. Mar. Environ. Res.
Gracilaria birdiae (Gracilariales, Rhodophyta) 22, 297-312.
in an Estuary in Northeast Brazil. Aquac. Int. Smit, A.J., 2002. Nitrogen uptake byGracilaria
14, 4327-336 gracilis  (Rhodophyta): adaptations to a

Mensi F., Ksouri, J.,, Hammami, W., Romdhane. temporally variable nitrogen environment.
M.S., 2009. The red algaeGracilaria Botanica Marina 45, 196—-209
verrucosain Bizerte lagoon (North Tunisia) : StatSoft, Inc., 2008. STATISTICA (data analysis
suspended culture and biochemical software system), version 8.0.
composition. Bull. Inst. Nat. Sci. Tech. Mer de Thomas, T. E., Harrison, P. J. and Turpin, D. H.,
Salammbd 36, 125-135 (in French with English 1987. Adaptations of Gracilaria pacifica
abstract). (Rhodophyta) to nitrogen procurement at

Navarro-Angulo, L., Robledo, D., 1999. Effects of different intertidal locations. Mar. Biol. 93,
nitrogen source, N:P ratio and N-pulse 569-580.
concentration and frequency on the growth of Thomas, T. E., Harrison, P. J., 1985. Effects of
Gracilaria cornea(Gracilariales, Rhodophyta) nitrogen supply on nitrogen uptake,
in culture. Hydrobiologia 398/399, 315— 320. accumulation and assimilation iRorphyra

Nishihara, G.N., Ryuta T., Noro., T., 2005&ffect of perforata (Rhodophyta). Mar. Biol.85, 269-
temperature and irradiance on the uptake of 278.
ammonium and nitrate by Laurencia Tseng, C.,K., 2001. Algal biotechnology industries
brongniartii  (Rhodophyta, Ceramiales). J. and research activities in China. J. Appl.
Appl. Phycol. 17, 371-377. Phycol. 13, 375-380.

Rees, T. A. V., 2003. Safety factors and nutrientWong S.-L, Chang, J., 2000. Salinity and light effe
uptake by seaweeds. Mar. Ecol. Prog. 368, on growth, photosynthesis, and respiration of
29-42. Grateloupia filicina (Rhodophyta).

Ryther, J.H., Corwin, N., DeBusk, T.A., Williams, Aquaculture, 182, 387-395.

L.D., 1981. Nitrogen uptake and storage by theYu, J., Yang, Y.F., 2008. Physiological and
red algae Gracilaria tikvahiae (McLachlan, biochemical response of seawe€dacilaria
1979). Aquaculture 26:107-115. lemaneiformisto concentration changes of N

Sakka, A.H., Grami, B., Niquil, N., Gosselin, M., and P. J. Exp. Mar. Biol. Ecol. 367, 142-148
Hamel, D., Troussellier, M., Mabrouk., H. H., Zemke-White, W.L., Ohno, M., 1999. World
2008. The planktonic food web of the Bizerte seaweed utilization: an end-of century
lagoon (south-western Mediterranean) during summary. J. Appl. Phycol. 11, 369-376.

summer: |. Spatial distribution under different
anthropogenic pressures. Estuar. Coast. Shelf.
Sci. 78, 61-77

121



