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Modelling nutrient cycle dynamics in the open ocean based on the well-
known interactions among nutrients, phytoplankton, and zooplankton is well
established and will be used in this work. Difficulty arises in applying this
methodology to multiple coastal systems because of differences among
geography, water chemistry, microbial interactions, weather patterns, and
sedimentary nutrient cycling. Current trends in ecological modeling are
toward more complex modeling relationships and mathematical functions.

phytoplankton, nutrients. Preliminary comparisons with field data showed that the model reproduced

realistic values. A sensitivity analysis was performed in order to identify the
most sensitive variables of the model. This model will be easly able to
reproduce most of the significant characteristics of the temporal variations of
nutrients and of phytoplankton growth in the water surface of the Oualidia
lagoon.
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INTRODUCTION

Coastal lagoons are a very common feature of coastal environments occupying 13% of the world coastline (Barnes,
1980). They are ecosystems of ecologic, economic and social value and are especially sensitive to both
anthropogenic and natural disturbances (Perilla et al., 2012). These environments are highly dynamic and controlled
by physical processes, and subject to frequent environmental fluctuations (Pérez-Ruzafa et al., 2005) and the degree
of isolation from marine waters (L6pez, 2003). Most lagoons act as sinks for nutrients since evaporation exceeds
freshwater input (Herrera-Silveira & Comin, 1995) and, in addition, they receive inputs of material from both the
land and the atmosphere via deposition and microbial processes such as nitrogen fixation (Taylor, Nixon, Granger,
& Buckley, 1995).

The importance of the construction of nutrient budgets and of flux-based analysis when dealing with the problems of
coastal eutrophication can hardly be overestimated. To this regard, the development and application of numerical
model can be regarded as an important tool for understanding the functioning of a coastal ecosystem, exploring its
behavior and developing management strategies based on general principles (Hobbie, 2000; Skliris, 2000; Elkalay,
2003).

The case study is the Oualidia lagoon, an important coastal ecosystem in the Moroccan Atlantic that has been rarely
investigate. In the Oualidia lagoon, oyster aquaculture and agriculture have a negative impact on water and sediment
quality in this ecosystem. In spite of that, the Oualidia lagoon still hosts highly valuable typical habitats, as well as
several economic activities that depend upon the ecosystem health, such as fisheries, recreational activities and
tourism.

Several studies have been conducted in QOualidia lagoon, biology (Beaubrun, 1976; Chbicheb, 1996), hydrology
(Orbi et al, 1998; Rharbi et al, 2001), Geology (Carruesco 1989; Fakir, 2001; EIl himer et al., 2013), sedimentology
Sarf, (1999), quality and safety (Bennouna, 1999; Shafik et al., 1996; El Attar, 1998), currentology (Hilmi et al.,
2005) and biogeochimical cycles (Damsiri et al., 2014a; 2014b; Natij et al., 2014). However, the modeling of the
lagoon have not been the subject direct studies.
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The model developed in this paper represents the first attempt at simulating the seasonal dynamics of the
phytoplanktonic production in relation to the availability of dissolved nutrients, mainly nitrogen. Experimental data
are used to set up and validate the model, which enables one to estimate the nutirents fluxes in the four
compartments: the water column, the phytoplankton, the zooplankton and the detritus and to study the general
interaction.The results, can be of help in understanding the ecosystem dynamics and providing suggestions for an
environmentally correct planning of the above-mentioned intervention.

1. Model description

We use a general and typical model of the Moroccan Atlantic coast which we adapted to the specificity of the
plankton ecosystem of the Oualidia lagoon. The state variables of this model are determined by the essential
components of the Atlantic coastal ecosystems. These state variables are characterized by their lifestyles
(autotrophic and heterotrophic) and their nature (inorganic or organic matter).

The components of the ecosystem are represented by compartments, and interactions are described by linking
compartments (Fig. 1). The state variables are: Zooplankton (chaetognaths, cladocerans, microzooplankton,
appendix and copepods), phytoplankton (diatoms, flagellates and picophytoplankton), ammonium (umolIN.I™,
nitrate (umolIN.I™), particualte organic nitrogen (PON), dissolved organic nitrogen (DON), bacteria and silicate
(Table 1). The major nutrient sources for plankton was the water column.

T —

\-—
—

=8

==

-
==
o~

f
LL
]
/

(3 &3
Figure 1: Block-diagram of the biological model. State variables: NOs: nitrate; NH,: ammonium; Si: Silicate; D:

Diatoms; F: Flagellate; P: Picophytoplankton; Ch: Chaetognathes; Cl: Cladoceran; Mi: Microzooplankton; Ap:
appendiceal; Co: copepods; B: Bacteria; DOM; POM: Dissolved and particulate organic matter respectively.

Table 1: Full equation for study models (NO3: Nitrate; NH4: ammonium; D: diatoms; P: picophytoplankton; F:
flagellate; Ap: appendiculeal; ClI: cladoceran; Mi: microeooplankton; Co: copepods; Ch: chaetognaths; B: bacteria;
DON: dissolved organic nitrogen; PON: particulate organic nirtrogen and Si: silicate).

dNO . dNH .
Ta = NitnHa. NH4 - Pnosp. D - pinose. P - Unosr. F T‘l: - NitnHg - NHs - UNHap - D - PNpap -

P - UnHar - F - Pnngs - B + (1-8Xnop). €Xap. AP + (1-€Xnop). eXcr. Cl+ (1-eXnop). eXwmi. Mi + (1-
eXNOD). eXco. CO+ (1-eXNQD). eXch. Ch + exg. B

dD
E = (l-EXUD). (HNOSD + IJ-NH4D)- D-mp.D- erCo- Co- erAp . Ap

((jj—l: = (1-EXUP). (}J.No3p + IJ'NH4P)- P—mp. P— brpco. Co- brpAp. Ap — brpMi. Mi
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dF .

— = (1-equ). (|JN03|: + |JNH4|:). F-—me F- brFCo. Co- brFAp. Ap — brFMi. Mi

dAp . . .
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dCl . . .
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dMi . . . . . . .

e = aSwi. (iNgrmi + INgpmi + INgami + INOnopmi). Mi — (M — €Xwvi). Mi — brMICI. ClI

dCo . . . . . .

Pl (ingbco + INgpco + INGFeo + INGBCo + INGNOPCo + INGNODCO). CO — (Mco — €Xco). CO —
brCoCh. Ch

dCh .

—— =asCh. (ingcoch + brscn). Ch — (mcp + eXcp). Ch
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a = (p—NH4B + “NODB)- B - (eXB — mB). B- erc| .Cl - erMi . Mi — erCo .Co

dDOM

. = eXUp. (Unosp + HnHap). D + exup. (Mnose + HnHap). P+ eXUr. (Unosr + Unhar). F -

Mnops. B - Mnopp- D — disnop. NOP + eXnop. €Xap- Ap + eXnop. eXcl. Cl + exXnop. €Xvi. Mi +
eXnop. €Xp. D + eXnop. eXch - Ch

dPOM

dt

NOP — brNopc|. Cl - brNopN”. Mi — brNopco. Co+ (1 — aSAp). (ingDAp + ingFAp + ingpAp). Ap + (1 —
ascy). (ingmici + ingnopct + ingsci). Cl + (1 — aswi). (ingFMi + ingpyvi +  ingewmi + INgnopmi)- M +
(1h— asco)- (igpco + iNGpco + INGsco + INGNoPCo *+ INGNODCO). CO + (1 —ascn) . (INgcoch + iNGsch).
C

dsi )
E = — (Mno3p * MNH4D)- Tsin- Si

=Mmp. D+ mp. P+ mg. F+ map. Ap + mei. Cl + myi. Mi + mep. Ch + mg. B — disyop.

The phytoplankton growth is limited by the nutrients concentration, irradiance and temperature (Evan L. Turner,
2014) (Table 2) (Table 3). We assume that the nutrient limitation is controlled by the more limiting nutritive
element, which is nitrogen in our case. We consider that the dissolved inorganic nitrogen consists of nitrate and
ammonium in order to distinguish the new and regenerated production (Dugdale and Goering, 1967) and we use the
function of (Wrob-lewski, 1977), to simulate the ammonium inhibition of the nitrate uptake by the phytoplankton.
The functions of limitation by irradiance and temperature are defined by the formula of Peeters and Eilers, (1978).
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Table 2: Processes and parameters used in the model

Process Definition Formulation

Phytoplankton

Hy Growth rate Hyx = Hmaxy- Lny. Lty. Liy

Hyno3 Growth rate of NO, Hyno3 = Hmaxy- Lnoa. Liy.

Liy. Lsip

HyNH4 Growth rate of NH,4 HyNH4 = Mmaxy: LnHa. Lty

itation by ni Liy. Lsip

I—Ny Limitation by nitrogen |_Ny - |—No3y + I—NH4y

Lnosy Limitation by NO, = NH,  o-6NH, 4

LnHay Limitation by NH, Kynna + NHy

L kyN03 + NO;

SID Limitation of diatoms by Si Lepp = Si_
Ksip+Si

Lty Limitation by temperature Ly=2(1+ Bry ) (xelxi2+2 By

xr+1)

L Limitation by irradiance Xr=(T-Ti)(Toy~ Tyy)

ly L|y:2(1+ Bly) (X|/X|2+2 Bly
X|+1)

Zooplankton

brij Biomass po_te_ntially catchaple prey  brg=V.eff. Y

effyy Capture efficiency of prey i by predator j

v Explored volume V= 'réi

i
Y Prey concentration n
Bj= ) effi.Y

Ing; Rate of Ingestion i =L ]

N Number of prey for a predator If B;<bgalorsing;=0
. index of prey If Bij>bg; alors ingj=ingmay;
I index of predator B —b

j yx 0j

maximum threshold for nutrition i B, +by; +K;

b 0j excretion of zooplankton EXz00=3y byT

eXZOO

Bacteria Growth rate of bacteria

He ilizati £NO Mbac = MBNOD + HBNH4

Utilization rate of NOD HeDoN =
HMBDON u DON

e ks +S+ DON
g +S+
Utilization rate of NH, u i S
i i BNH4 = B —
EBNH4 Maximum growth rate of bacteria max| ks+S+NOD
maxB

Substrate concentration of nitrogen

S

S =min (NH4, nDON)
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Zooplancton is described by five state variables, which are representative of the pool of species that prey upon the
phytoplankton and microzooplakton. Grazing is described by a relationship (M. Mateus, 2012; Frangoulis, 2002),
while mortality, exudation and respiration of both phytoplankton and zooplankton are described as first order-
processes (Table 2) (Table 4a, 4b and 4c) the kinetic constants exponentially increase with water temperature.

Table 3: Parameters values of the phytoplankton growth. (D: Diatoms; F: flagellate; P: picophytoplankton). wd:
without dimension. 1: Andersen et Rassoulzadegan, (1991); 2: Chifflet et al. (2001); 3: Kumar et al. (1991); 4:

Fasham et al. (1990); c: calibration.

Parameters Units Values Ref
Symbol
D F P
Hmaxy Maximal growth rate it 2 2.5 3 1
KynHa Half-saturation coefficient for NH, ~ pmolN I* 1 0.7 0.7 2
Kynos Half-saturation coefficient for NO;  pmolN I* 2 1 1 2
0 Inhibition coefficient by NH, (umoIN It 1462 1462 1462 3
Biy Photo-inhibition coefficient wd -0.6 -0.7 -0.8 1
loy Optimal irradiance HE m?s?t 250 300 360 2
Bry Thermo-inhibition coefficient wd -0.55 -05 -0.5 1
Ty Low lethal temperature °C 9 9 9 1
Toy Optimal temperature C 16 15 15 1
m, Mortality rate it 006 005 006 ¢
eXy Percentage autotrophic exudation % 4 5 6 4

Table 4a: Growth, excretion and mortality parameters of zooplankton. (Ch: Chaetognaths; Cl: Cladoceran; Mi:
Microzooplankton; Ap: Appendiceal; Co: Copepods). wd: without dimension. 1. Chapelle et al. (2000); 2. Fasham
et al. (1990); 3. Andersen et Rassoulzadegan, (1991); 4. Lévy et al. (1998); 5. Conover, (1966) in Chapelle et al.
(2000); c. calibration.

Symbol Parameters Units Values Ref
Ap CI Mi Co Ch
iNgmaxj ~ Maximum ingestion rate it 13 19 18 09 17 ¢l
bo; Minimum threshold for ingestion plmoIN 0.01 0.01 0.03 0.03 o
8
k; Half-saturation ~ coefficient for pmoIN 05 1 075 075 1 c,2
ingestion It
asy Assimilation rate of Y wd 065 08 07 09 08 45,
m, Mortality it 0.03 0.05 0.05 0.04 0.035 32c

Table 4b: Parameters values of capture efficiency of zooplankton. D: Diatoms; F: Flagellate; P:Picophytoplankton;
Ch: Chaetognaths; CI: Cladoceran; Mi: Microzooplankton; Ap: Appendiceal; Co: Copepods; B: bacteria; DOM and
POM of dissolved and particulate organic matter respectively. Efficiency without dimension.

Symbol Parameters Values
effyap Capture efficiency Y by D P F B
Ap 05 0.2 0.7 0.2
effyc Capture efficiency Y by CI Mi  POM
07 0.2
effymi Capture efficiency Y by B P F POM
Mi 03 08 0.7 0.2
effyco Capture efficiency Y by P F D DOM POM
Co 0.25 0.9 0.7 0.2 0.2
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effycn Capture efficiency Y by Ap Co
Ch 09 1

Table 4c: Parameters values excretion for zooplankton. 1. Andersen et Razoulzadegan (1991); c calibration. (Ch:
Chaetognathes; CI: Cladocerans; Mi: Microzooplankton; Ap: Appendiceal; Co: Copepods).

Ap Mi Co Cl Ch Ref
ay Excretion rate at 0 °C 0.067 0.1 0.086 0.076 0.076 1c
by Slope factor for the excretion 1.050 1.05 1.031 1.045 1.045 1c

curve

The main sources of ammonium and nitrate are agricultural, oyster inputs, leaching watershed, excretion
heterotrophs and mineralization by bacteria from the dissolved organic matter or organic debris. Nutrient limitation
is represented by the Michealis-Menten functions. The nitrogen cycle is forced by the temperature and irradiance.
The particulate organic matter (POM) consists of fecal pellets and detritus. Note that the dissolved organic matter
(DOM) is formed by two very different processes.
The first one, is the exudation of phytoplankton. The second is a decomposition of particulate organic matter.
Bacteria incorporate the dissolved organic matter and ammonium. In fact, the bacteria get their carbon from the
dissolved organic matter and are capable of assimilating ammonium when not have sufficient nitrogen for the
synthesis of their proteins (Evan L. Turner, 2014; Fasham et al., 1990). Bacteria incorporation will be assumed to
the Michaelis-Menten relationship while taking into account the two possible sources of nitrogen according to the
proposed model Fasham et al. (1990) (Table 2) (Table 5).

We assum that total substrate nitrogen available for bacteria as the minimum between the ammonium concentration
and the dissolved organic matter corrected using the report assimilation NH,/DON estimated to 0.6. The formulation
proposed by these authors (Fasham et al., 1990) intake of ammonium corresponding to 60% of the dissolved organic
matter, as long as there is enough available ammonium. Otherwise, taking the nutrients (ammonium and DON) will
be reduced together. The Michaelis kinetics which describes the incorporation of NH, by bacteria is characterized by
a high absorption speed and a very low half-saturation constant. In the sea, the small phytoplankton is able to
compete with the bacteria. We assume that all that is assimilated by the bacteria is used for growth (Fasham et al.,
1990; Moloney and Field, 1991).

Table 5: Parameters values for bacteria. 1. Andersen et Rassoulzadegan, (1991); 2. Fasham et al. (1990); 3. Lévy et
al. (1998). wd. without dimension.

Parameters Units Values Ref
Term
Hemax  Maximum growth of bacteria it 2 1
kg Half-saturation coefficient pmolN I 0.5 2
n Assimilation report NH,/DON wd 0.6 2
asB Assimilation rate wd 1 3
Mg Mortality rate it 0.06 1,2

Results and discussion

The versatility of the model allows to perform different simulation experiments. In this paper, part of the results are
presented as an example of how insights can be derived from this model.

Temperature and irradiance

Our result produce correctly a good correlation between simulated and observed temperature values (Fig. 2), in the
surface water. Comparison of the model predictions with in-situ measurements showed a good accordance. Figure 3
gave the simulated irradiance at the surface water.

3 e 300 uE.m 2.5l
;5; —— [1ra
0 ! ! ! ! ! " Time
4 0 &0 120 180 240 300 360
Figure 2: Simulated and observed Figure 3: Simulated irradiance values 23

temperature values (T°) (Irra)
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Phytoplankton

Figure 4 showed the temperature limitations of the growth of diatoms and dinoflagellate in the surface water. The
dinoflagellate and diatoms had the same growth limitations by temperature (Fig. 4). The growth limitations of the
diatoms by temperature were more important than dinoflagellate. The lowest limitations were noted at the beginning
of the simulation in surface and decreased with time (June and July), but the higher limitations were registered in
Octobre.

An intake of nitrate were resgistered in February (Fig. 5a), with a wintry mix. The nitrate concentration was
decreased in April until August and then increase again. The values recorded of ammonium in the water surface, are
significant at the begnning of the year (Fig. 5a). During May-June, the ammonium concentration keeps relatively
high values (0.25 pmoIN I") with time.

The first biomass peak of diatoms (Fig. 5b) and flagellates (Fig. 5¢) was noted in January, early February. These
species had a short flowering early in the simulation. The phytoplankton bloom was in March with a maximum
between (0.3 and 0.6 umoIN I™). The diatoms bloom begins in surface and with time follow nitrates concentrations.
Flagellates had another peak during June-July, with a maximum biomass of 0.25 umoIN 7.
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Figure 4: Temperature limitation of diatoms (dia) and dinoflagellates (fla) growth in the surface water.
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Figure 5: Simulated evolution of nutrients (NH4, NO3) and phytoplankton (Phyto) (a), nutrients (NH4, NO3) and
diatoms (dia) (b) and nutrients (NH4, NO3) and flagellates (fla) (c).
Zooplankton
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The first blooms of diatoms and flagellates were followed by an appendiceal and copepods (Fig. 6a) with a
maximum of 0.06 and 0.5 pmoIN I respectively. The second copepods and appendiceal bloom was simulated in
April, with a maximum of 0.35 umoIN I and 0.02 umoIN I respectively.

Microzooplankton (Fig. 6b) was presented in February with a maximum following 0.5 umoIN I, with a significant
ingestion of bacteria beginning of the year. The second peak (0.4 pmoIN I') of microzooplankton was enregistered
in April, following a development of flagellates. Another peak in mid-June was enregistered (0.35 umolIN I™).
Cladocerans (Fig. 6¢) begin to develop from March with low concentrations (0.06 umoIN 17 distributed throughout
the water column, this biomass increased during May with a maximum of 0.25 pmoIN.1" deep in August.

The Chaetognaths (Fig. 6d) develop after copepods, which explains the first bloom in late January with a maximum
overestimated biomass of 0.3 pmoIN 17, A second development occured a maximum of biomass (0.12 pmoIN 17) in
May. The biomass of chaetognath decreased in time. All zooplankton species disappear in autumn because their
growth is probably not sufficient to excced the predation, excretion and mortality losses.
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Figure 6: Simulated evolution of zooplankton and phytoplankton biomass (Appendiceal: App, Copedods: cop,
diatoms: dia and flagelate: fla (a), phytoplankton: Phyto and microzooplankton: mic (b), Cladoceran: Cla and
phytoplankton: Phyto (c) and phytoplankton: Phyto and Chaetognathes: che (d)).

Organic matter

Bacteria (Fig. 7) were observed throughout the year, they had the important development (1.05 umoIN 1) from
February. Biomass were elevated throughout the summer following the highest concentrations of dissolved organic
matter and ammonium.

The concentration of particulate organic matter (Fig. 7) increased in January and had a large surface to the first peak
in April and a second in June. The dissolved organic matter concentration (Fig. 7) was 0.14 umoIN I* at the
beginning of the year. Two peaks was observed, the first one (0.18 pmoIN 1) in April and the second (0.22 pmoIN
I") in August. The dissolved organic matter distribution was following the particulate organic matter and
zooplankton in summer.

Phytoplankton and zooplankton blooms were well simulated by the model, but it was impossible reproduce all the
details of the nutrients evolution, for all simulations. The highest concentrations noted in the summer could be
explained by the zooplankton excretion equation, which is set in this model as a temperature function. It would be
interesting in the process using a formulation that takes into account the diet of zooplankton groups (M. Mateus,
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2012) (Frangoulis et al., 2001). Another source of error could come from the parameters values. At the beginning of
the seasonal cycle, the spring phytoplankton bloom occured after fertilization and in winter was the annual
maximum biomass and production. Phytoplankton was dominated by a few species with high growth rate optimally
utilizing the mineral reserves. The Herbivores were abundant but poorly diversified and dominated by
macrozooplankton. The Microzooplankton was presented but little diversified. Following the spring plankton bloom,
the diatoms report: dinoflagellates strongly reduced in favor by this group of diatoms.

In mid-summer to early winter, temporarely increases the diversity by the small flagellates and picophytoplanktons
groups. The lowest biomass of zooplankton was in summer. Mainly the microzooplankton, limited to a few small
carnivorous copepods and cladocerans carnivores feeding of microzooplankton (Hecq, 2001). The maximum total
phytoplankton biomass simulated (1.05 pgchl a I™). The maximum zooplankton biomass simulated (90 pg PS I™).
The report N/Chla was considered constant for the three groups of phytoplankton. However, can be varied by
irradiance, temperature and by the nutrient concentrations (eg Cloern et al. 1995), as well as the time (Chifflet et al.
2001). To improve this model version, the N/Chla report could be considered for each species and variable
according the time (Touratier, 1996) and the model's sensitivity to these variations should be reviewed. We can also
changes to our model, (eg. the distinction between the different phases of development in the same species of
zooplankton). The modelling of such processes requires the development of a sub-model of population dynamics.
The idea of co-limiting of the production by the primary phosphates and nitrogen, in relation to trophic conditions
appears reasonable. However, the use of two elements in the same model involves the use of the relationship
between these two elements to move from one unit to another. It would be interesting to use the N/P ratio for each
species with the change in time and space (Touratier et al., 2001. Omlin et al., 2001b).

lpymet>1 - ===-- bas

¥ DOM+POM

b

" Time
120 180 240 300 360

u

Figure 7: Simulated between bacteria (bac) and organic matter concentration (DOM and POM).
Sensitivity analysis study

Sensitivity analysis study was realised in order to estimate the relative effect of initial conditions of the state
variables, forcing constraints and parameters values variations.

Three variables from the analysis were more sensitive to the parameters variations were ammonium, chaetognaths
and appendiceal. For three variables respectively (90, 89 and 96 of 102 in total), almost all parameters cause
variations of the model superior to 1%. In our model the parameter variations does not exceeding 2% for
chaetognaths, 3% for ammonium and, 4% for appendiceal. The state variables nitrates and diatoms were particularly
stable.

Figure 8, showed the effect of initial conditions variations on the model. Only four variables ammonium, copepods,
cheatoghnathe and PON were sensitive to the parameters variations (>1%). Generally the initial variations
conditions had a sensitivity index lower than 5% compared to simulation reference. Appendiceal variable seemed to
be the most sensitive and had two sensitivity indices higher than 4% corresponding to DON and cladocerans (with
indices 4.55% and 4.15% respectively). Three sensitivity indices for NH, higher than 2% caused by initial
conditions of flagellates, NH, and NO3. The chaetognaths variable was influenced by a one variable (appendicle)
with 2% index. The copepods was sensitive only to changes in initial values of NH, and NOs, they had less than 2%.
The diatoms and silicate were less influenced by variations of the initial conditions.

Our model was relatively resistant to the variations to initial conditions. The sensitivity analysis presented in our
study does not account for the fact that the sensitivity of the model to the variation of a single variable at a time and
a "standard" variation of + 20% for all variables. It would be interesting to use the Monte-Carlo analysis to asses the
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standard deviation of the simulation average by treating a large number of simulations where the parameters were
varied. This technique is still very costly in terms of simulation time.
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Figure 8: Sensitivity analysis of initial conditions for each state variable (Ammonium, Appendiceal, Copepods
and Chaetognaths). Only parameters with greater than 1% indices are presented.

Conclusion
Our model correctly reproduces the main features of the evolution of different variables. Decreasing the

concentration of diatoms and flagellates after the first months of simulation and was following by the increase in
biomass picophytoplankton. The model reproduce the succession of planktonic events. In spring a phytoplankton,
followed by the zooplankton bloom. The simulations revealed some weaknesses of the model. Nutrient cycling is
not well described. We should develop some processes, such as absorption by phytoplankton and heterotrophic
excretion. Our model seems quite suitable for diagnostics that we want to establish for the Oualidia lagoon, although
simplifications are significant to its more widespread use. The overall conclusion of the sensitivity analysis, some
parameters are very sensitive, such as those related to the process of heterotrophic excretion. This finding is not
negative, as the same sensitivity of these parameters strongly constrains their estimate in a calibration procedure.
However, it emphasized the need for regular enough data for this procedure. Generally, the uncertainty of the model
response is almost exponential function of its complexity, given the non-linearity of the evolution equations.

The specificity of each ecosystem requires a recalibration of parameters through experiences that reflect local
conditions. Full validation of this model over several years and in various metrological conditions should be the next
step for improvement. It seems interesting to use this typical and general model to study the Moroccan lagoons
taking as cases our study area (Oualidia lagoon), by reducing the number of state variables according to data

availability.
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