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Summary

In this work a biogeochemical model of Ria Form{Sauth of Portugal) is
presented. Ria Formosa is a large (c.a. 10t) kmsotidal lagunary system
with large intertidal areas and several conflictuiges, such as fisheries,
aguaculture, tourism and nature conservation. To@stal ecosystem is a
natural park where several management plans andinetiative
responsibilities overlap.

The work presented here is part of a coupled hydrachic-
biogeochemical model that includes pelagic and thenprocesses and
variables. It is a two-dimensional vertically intatgd model, based on a
finite differences grid with a 100 m spatial stepdaa semi-implicit
resolution scheme. It is forced by conditions &t $kea boundary, river and
water treatment plant discharges, wind speed, ligkensity and air
temperature. The model includes a wet-drying scheamaccount for the
dynamics of the large intertidal areas.

The purposes of this work are to describe the lmogemical model and
how it has been coupled with a hydrodynamic modisiGuss its structure
and present some calibration exercises.
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1 Introduction

This work is part of the DITTY project “Developmeat an Information Technology
Tool for the Management of European Southern Lagaorder the influence of river-

basin runoff” fttp://www.dittyproject.orgl. The general objective of DITTY is the

development of information technology tools intégrg Databases, Geographical

Information Systems (GIS), Mathematical Models d»etision Support Systems to

help in the management of southern European cdag@bns and adjacent watersheds,
within the objectives of the Water Framework Direet(UE, 2000).

The DITTY project takes place at five southern Paan coastal lagoons. The work
presented here concerns the biogeochemical maglefiRia Formosa — the Portuguese
case study within DITTY (Fig. 1-1).

1.1 Site description

Ria Formosa is a shallow mesotidal lagoon locatethex south of Portugal (Algarve
coast) with a wet area of 10 500 ha (Figure 1-hp lBgoon has several channels and a
large intertidal area, which corresponds roughl§Q@8o of the total area, mostly covered
by sand, muddy sand-flats and salt marshes. Tlestioll area is exposed to the
atmosphere for several hours, over each semi-diuith@ period, due to its gentle
slopes. Salinity remains close to 36 ppt, excepindusporadic and short periods of
winter run-off. Tidal amplitude varies from 1 tdb3neters and the mean water depth is
3.5m.
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Figure 1-1- Geographic location of Ria Formosa igahlets (11 — 16).

1.2 Objectives

The purposes of this work are to describe a bidgemical model implemented for Ria
Formosa and how it has been coupled with a hydrmayn model, discuss its structure

and present some calibration exercises.

2 Methodology

The biogeochemical model implemented in this warkaitwo dimensional vertically
integrated model based on a finite difference steem)grid, as described previously for
the hydrodynamic model (cf. — Duarte et al, 200t calculates the velocity field with
the equations of motion and the equation of contiingKnauss, 1997) and solves the

transport equation for all pelagic variables:

2 2
dsS a(uS) 6( vy - Axa S+ Aya S'+ Sources- Sink (1)
o ox oy ox2 ay2



Where,
u andv - current speeds ir (West-East) ang (South-North) directions (m§; A —
Coefficient of eddy diffusivity (s?'); S— A conservative (Sources and Sinks are null)

or a non conservative variable in the respectiveentration units.

The biogeochemical model provides the values fer Sburcesand Sinksterms of

equation 1 at each grid cell.

2.1 Model software description and implementation

The model was implemented using EcoDynamo (Pe&itaiarte, 2005). EcoDynamo
uses Object Oriented Programming (OOP) to relasetaof "ecological” objects by
means of a server or shell, which allows theseteract with each other, and displays
the results of their interaction. Both the EcoDywashell and the objects have been
programmed in C++ for WindowsTM. There are diffdreobjects to simulate
hydrodynamic, thermodynamic and biogeochemical ggses and variables. The shell
interface allows the user to choose among diffeneodels and to define the respective
setups — time steps, output formats (file, gra@nd tables), objects to be used and
variables to be visualised. The objects used irptksent model are listed in Table 2-1
and described below. The physical and biogeochénpicacesses simulated by the
model are presented in Figs. 2-2 and 2-3. Difféaéequations for water column, pore
water, sediment and benthic variables are showmalles 2-2 — 2-5. Part of these
equations (those concerning pelagic state varigliggresent theources-sinkgerms of
Equation 1. The corresponding rate equations asepted in Tables 2-6 — 2-9. Model

parameters are listed in Table 2-10.



Table 2-1 — EcoDynamo objects implemented for Riarfosa and respective variable

Object type

outputs (see text).

Object name

Object outputs

Objects providing forcing
functions

Wind object

Wind speed

Air temperature object

Air temperature

Water temperature object

Radiative fluxes and lza@lan
between water and
atmosphere and water
temperature

Light intensity object

Total and photosynthetically
active radiation (PAR) at the
surface and at any depth

Tide object

Tidal height

Salt marsh object

Nitrate consumption,
ammonia and suspended
matter release

Objects providing state variables Hydrodynamic 2D object

Sea level, current speed and
direction

Sediment biogeochemistry object

Pore water dissolve
inorganic nitrogen (ammonia,
nitrate and nitrite), inorganic
phosphorus and oxygen,
sediment adsorbed inorganic
phophorus, organic
phosphorus, nitrogen and
carbon

Dissolved substances object

Dissolved inorganiogen
(ammonia, nitrate and nitrite),
inorganic phosphorus and
oxygen

Suspended matter object

Total particulate matter
(TPM), particulate organic
matter (POM), carbon (POC),
nitrogen (PON),phosphorus
(POP) and the water light
extinction coefficient

Phytoplankton object

Phytoplankton biomass,
productivity and cell nutrient
quotas

Enteromorpha spbject

Macroalgal biomass,
productivity and cell nutrient
quotas

Ulva sp.object

Macroalgal biomass,
productivity and cell nutrient
guotas

Zostera nolttiobject

Macrophyte biomass and
numbers, cell nutrient quotas
and demographic fluxes

Clams(Ruditapes decussatus)ject

Clam size, biomass, density,
filtration, feeding,
assimilation and scope for
growth
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Fig. 2-1 - Biogeochemical processes and varialaslated by the model. The name
of the variables is the same as in Tables 2-2 —Th8 prefix N, C, and P refers to
Nitrogen, Carbon and Phosphorus. The subscon@tsds refer to water column or

sediment variables.

Given the large intertidal areas of Ria Formosa-{ci.1 Site description), the model
includes a wet-drying scheme that prevents any ggidfrom running completely dry,
avoiding numerical errors. The general approactoistop using the advection term
when depth is lower than a threshold value (0.1nmthie present case) to avoid
numerical instabilities. Below this threshold antdtiua minimum limit of 0.05 m, the
model computes all remaining terms. When this limiteached, computations do not
take place in a given cell until a neighbour cels la higher water level, allowing then
the pressure term to start “filling” the “dry” cell

This hydrodynamic model is forced by water levell aiver discharges at sea and land
boundaries, respectively. The former are calculéitedhe equations and the harmonic
components for the Faro-Olh&o harbour (cf. — Fip.Hescribed in SHOM (1984) and

listed in a previous report (Duarte et al., 20@pgeochemical processes are forced by



sea-lagoon exchanges, river discharges, air-waat and mass exchanges and light

intensity.
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Fig. 2-2 - Physical and biogeochemical processdsvariables simulated by the model.
The name of the variables is the same as in T&bteS. The prefix N, C, and P refers to
Nitrogen, Carbon and Phosphorus. The subson@sds refer to fluxes in the water
column or in sediment layers.

The wet-drying scheme referred above requires atively high spatial and temporal
resolution. In the present case, the former ish0fnd the latter 3 s. A lower temporal
resolution leads to numerical errors, in spitehe& semi-implicit numerical scheme of
the hydrodynamic model (Duarte et al., 2005). Tfwees the model requires a large
computing time. Several steps were taken to redbeecomputational costs: (i) To
subdivide Ria Formosa in two subsystems — the wesded the eastern Ria - as
described in a previous report (Duarte et al., 2009 To run biogeochemistry only for

the part of the model domain covering the precisa af Ria Formosa; (iii) To run only

the hydrodynamic part of the model, save the resuit “rewind” them later to provide



the hydrodynamic forcing for the biogeochemicalwgmtions (cf. - 2.2.1 Hydrodynamic

object) and (iv) To produce a multi- processingsian of EcoDynamo.

In what concerns the first step, Ria Formosa waeed sub-divided. In the present
work it was considered only the “Western Ria” (F2e3).

| 30 km

Land and river boundaries

RA Station RB Station

RC Station

Eastern sea boundary

Waste Water Treatment Plants

Western sea boundal

Lagoon Sediment, Sediment Fluxes and
Pore Water Stations, sampled in 2001.

Lagoon Water Quality Stations sampled in 1992.

Southern sea boundary

Water Quality Stations sampled in 1992, used in
the model as boundary conditions.
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Fig. 2-3 — Model domain covering a total area d &4t (whole rectangle) and 98 Km
(only the area of covered by the lagoon), for thérbdynamic and biogeochemical
simulations, respectively. Spatial resolution i Hdm. Time step is 3 and 30 seconds
for the hydrodynamic and the biogeochemical sinnutest respectively (see text).
Regarding the second step, it is possible to rdg arpart of the model domain, by

defining a sub-domain, allowing a much faster satiah of biogeochemical processes.
In the present case, sub-domain shape matchedyeit@tshape of the Western Ria
Formosa. However, current velocity data must balable for transport calculations
(equation 1) (cf. - 2.2.1 Hydrodynamic object).étex & Duarte (2005) describe how to
run a sub-domain with the EcoDynamo shell. Rodisgeeal. (2005) describe how to
produce a text file of coordinates using ArcGISt timay be handled with EcoDynamo

as a sub-domain.

In what concerns the third item, there are two mdiffierent running modes in
EcoDynamo — one with an online coupling of hydramiyic and biogeochemical

processes and another with an offline coupling. [akter uses previously obtained and



time integrated (for 5 minute periods in the préssase) data series of current flows
with the hydrodynamic object, to transport wateoparties among model grid cells.
This allows for a faster simulation, avoiding theomputation overhead of
hydrodynamic processes and the small time stepsrgiyn required. This simplified
mode was used in the present work. Whereas “onbogling” needs a 3 s time step for
stability restrictions, mostly because of very Idepths over intertidal areas, the offline
simulations may use a time step of up to 60 sat, fa variable time step is used, so
that sites where instabilities may arise are resblith more detail and properly time
integrated with neighbour cells. Instabilities gextly occur when the volume in a cell
is very low. In this case, if the time step is sotall enough, the computed flow across
one of the cell “walls” times the time step, may laeger than cell volume. When
calculating transport of salt or any other propettis situation may lead to the violation
of mass conservation. The algorithm consists irolvesy with more detail these
“critical cells” and their interactions with neighir cells, finding a time step small

enough to prevent mass conservation violationsnancgerical instabilities.

Regarding the multi-processing version of EcoDynainbandles different objects has
different threads, meaning that they may run irfled&nt processors. This implied to
synchronize the objects. The transport equationgon 1) must be solved only after
all pelagic objects (see below) calculate theirrsewand sink terms, because some of

these terms depend on state variables of othectsbje

2.2 Biogeochemical model description

Differential equations used for suspended mattenadycs and biogeochemical

processes are shown in Tables 2-2 — 2-5. Part edfetlequations (those concerning
pelagic state variables), represent theurces-sinksterms of Equation 1. The

corresponding rate equations are presented in §abk — 2-8. Model parameters are
listed in Table 2-9.

The model includes the pelagic and the benthic estment as well as their
interactions. Pelagic variables are water tempegatind those depicted in Tables 2-2

and 2-4 — dissolved nutrients, suspended matterpagtbplankton. Benthic variables



are those listed in Tables 2-3 and 2-5. In the chAstispended matter, it is noteworthy
that carbon, nitrogen and phosphorus concentraiomsomputed simultaneously. The
same is true for the sediments. The benthic comrmeant is divided in two vertical
layers (Fig. 2-2). The height of the top layer niagrease or decrease according to the

net result of deposition and resuspension.

For a description of objects providing forcing ftinas and the hydrodynamic object
(cf. — Table 2-1) refer Duarte et al. (2003) andaide et al. (2005). Salt marsh object
acts merely as a nitrate sink and an ammonium aniicplate organic matter source,
according to experimental data obtained by Faleagpyblished). It is assumed that
nitrate-nitrogen input equals ammonium-nitrogenpatt This influx/outflux occurs

along the salt marsh boundaries (Fig. 2-1). Theehisdalso forced by WTP discharges

regarding suspended matter and nutrient loads.

Table 2-2 — General differential equations for watdumn dissolved inorganic
nitrogen, phosphorus and oxygen. The subsarigmslj refer to the line and columns of
the model grid. These differential equations ordgatibe changes due to non-
conservative processes and providesthigrces-sinkgerms of Equation 1. The load

terms refer tdoads along the sea, river and land boundaries.

Water column ammonium (NHz) (umol N I-1)

i dl_t' % = PONMinerw; - NitrificationW;; + DeNitrification;
iSedWaterDiffusionNHfl @)
+BIVEXCINH4j - PhyUpNH4j - EntUpNHﬁ - UIvUpNHﬁl —ZosUpNH4ij
+loadd\NH4;;
Mineralization, nitrification and denitrificatiorséan Chapelle (1995).
PONMinerV\{j Water column _partic_ulat_e organic nitrogen
mineralization
NitrificationW; Water column nitrification
DeNitrificationW; Water column denitrification
SedWaterDiffusionNHg Sediment-water diffusion umol N 1 timer1
BIVExcrNH4; Clams excretion
PhyUpNH4]- Uptake by phytoplankton
EntUpNHz}j Uptake byEnteromorpha sp.
UIvUpNH4ij Uptake byUlva sp.
ZosUpN Hz{lj Uptake byZostera noltileaves
IoadsNHzi]- Nitrogen loads



Water column nitrate+nitrite (NO) (umol N I-1)

p - NitrificationWij—DenitrificationV\{j + SedWaterIt‘i'usionN(R

—PhyUquj - EntUpNCi] - UIvUpN%) —ZosUquj

+loadsNG;
(3)

The fluxes for the uptakes have the same prefioaarimonia to indicate the species or species group
responsible for each uptake. Their unitsare! N -1 time'L.

Water column phosphate PO4 (umol P I-1)

dPOsij . o

at = POPMinerW; * SedWaterlefu3|oanj4
~PhyUpPO4; ~ EntUpPO# — UIVUpPQ4~-ZosUp PGy @)
+loadP O4j

The fluxes for the uptakes have the same prefiwiaarhmonia and nitrate to indicate the species or
species group responsible for each uptake. Théds areumol P 1 timel.

POPMinerV\ﬁ Water column particulate
organic phosphorus
mineralization

Water column dissolved oxygenO) (mg Op I-1)

dDOjj N
T J_rSedWaterlefu5|qj1+ Kar ( DOsatj — DG )

—BIVResE] + PhyPHOTij -P h)ReSf?
+EanHOTij - EntResH )
+UIVPHOT;; —UIvResgﬁ

+ZosPHO'Iij - ZosRes;ﬁ

~NitrificationCons\W; — MineralizationConsVy

Raeration coefficient calculated as a function ofdxspeed as in Burns (2000). Oxygen consumption
by nitrification and mineralization as in Chapgll®95) and Chapelle et al. (2000).

Kar Gas transfer/raeration coefficient time-1
DOsaﬁj Dissolved oxygen saturation concentration mg Oy -1

BIVReSH Bivalve respiration
PhyPHOTj Phytoplankton photosynthesis

PhyRESﬁ) Phytoplankton respiration

EntPHO'Iij Enteromorpha spphotosynthesis

EntResq Enteromorpha sprespiration Lime -1
UIVPHOTiJ' Ulva sp.photosynthesis mg Oz
UIvResn] Ulva sp.respiration

ZOSPHO]] Zostera noltiiphotosynthesis

ZOSReSﬁ) Z. noltii above ground respiration

NitrificationConst Consumption by water column nitrification

MineralizationConsW Consumption by water column mineralization

10



Table 2-3 - General differential equations for peeger variables — pore water
ammonium, nitrate+nitrite, phosphate and oxygend-sediment variables — organic
carbon, nitrogen and phosphorus. The subsdrgntslj refer to the line and columns of
the model grid.

Pore water ammonium (NH4s) (umol N -1

dNHasjj _ OrgNMiner§ SedWaterRatip o
= _ - NltrlflcatlonSi- + DeNltr|f|cat|onﬁ

dt NAtomicMass |
iSedWaterDiffusionNHfl‘ Z0oSROOtNH4S;

(6)

OrgNMiners; Mineralization of sediment organic nitrogen ;g g1 N time'l
SedWaterRatjp gl
NitrificationS; Pore water nitrification

DeNitrification§; Pore water denitrification

SedWaterDiffusionNHp Sediment-water diffusion umol N 1 time-1
ZosRootUpNH4$1s Uptake byZostera noltiiroots

Pore water nitrate+nitrite (NOS) (umol N I-1)

d NOs
—tS” = NitrificationS;; + SedWaterDiffusionNﬁ)s Der'nitcation%

ij =
(7)

Nitrification and denitrification as in Chapelle9@5s).

Pore water phosphate POygs) (umol N -1

dPO.jj OrgPMiner§ SedwaterRatip
dt PAtomicMass

—SedimentAdsorptiqp+ SedimentDesorptiqp— oERootU;PO4sij

8
Adorption and desorption as in Chapelle (1995).

+ SedWaterDiffusiqp

OrgPMinerEﬁ- Mineralization of sediment organic phosphorus Hg g—l N time1
ZosRootUpNH4§s Uptake byZ. noltii roots umol P 1 time'l

Pore water oxygen DO) (mg 1)
- tSedWaterDiffusiqp— Zos ROBE‘SWj

dt 9)
—NitrificationConS% ~MineralizationCons$
ZosRootResp Z. noltii below ground respiration
NitrificationCons% Consumption by pore water nitrification  mg O I-ltime -1
MineralizationCons§ Consumption by pore water mineralization

11



OrgN (ug N g1

dOrgNij
_ - = . - i S
p DetrDepNiJ + PhySetﬁ\I OrgNMlang (10)
DetrDepNj Deposition of particulate nitrogen
PhySetI}i Settling of phytoplankton cells ug N g1 timel
OrgP(ug P g?)
dOI’gPij
- I = . —_ H C
p DetrDepPIJ + PhySe“Z> OrgPMlnq]x (12)
DetrDepﬂj Deposition of particulate nitrogen
PhySetIﬁ Settling of phytoplankton cells ug P gltimel
Adsorbed POy (ug P gl)
d PO -
—d‘;AdS'J - (SedimentAdsorptiqp— SedimentDesorq}i):nPAtomICMaSS (12)

SedWaterRatip
(ug P gl time'd)

Table 2-4 — General differential equations for sugjed matter. The subscrip@nd]
refer to the line and columns of the model gride3ddifferential equations only

describe changes due to non-conservative procassgsrovide theources-sinkgerms
of Equation 1. The load terms refer to loads altbregsea and river boundaries.

Total (TPM) and organic (POM) particulate matter (mg I-1)

dTPMij
at ) =TPMDer —TPMResu§ + PHYTONIﬁP‘ POMMi[}eT" TPMLQja(
(13)
dPOMr
TJ = POMDep; - POMResug + PHYTONRP-  POMMijet  POMLGj¢
(14)
(following Duarte et al. (2003))
TPMDegp; TPM Deposition rate
TPMResu§ TPM Resuspension rate
PHYTONPI,DJ Net Phytoplankton Production (in dry
weight)
TPMLoads TPM loads mg 1 time'1
POMDeg; POM Deposition rate
POMResu§ POM Resuspension rate
POMMinet; POM mineralization
POM Loadﬁ POM loads

* - POM and POM fluxes are expressed in POM mass, @GaNitrogen and Phosphorus units

12



Phytoplankton (ug C I1)*
dPHYjj
gt PHYij (PHYGPRj — PHYExug—PHYResp - PHYMgr} - s
Ghjj B'Vij conv+ PHYLoads

*For output, phytoplankton biomass is convertectdorophyll, assuming a Chlrophyll / Carbon ratio
of 0.02 (Jgrgensen et al., 1991)

PHYGPFﬁ Gross primary productivity
PHYExuqﬁ Exudation rate o
PHYResp Respiration rate time
PHYMor; Mortality rate
Gbij Bivalve grazing rate
BIVjjconv Bivalve biomass converted to carbon
PHYLoadﬁ Phytoplankton loads pg C Fltimel

Table 2-5 - General differential equations for Ibéntvariables. The subscrigtand;
refer to the line and columns of the model grid.

Enteromorpha sp(g DW m‘2)

dENTjj _ )

g~ ENTj(ENTGPR ~ENTResp — ENTMaft) (18)
ENTGPR Gross primary productivity g DW ftime*
ENTResp Respiration rate tine
ENTMori; Mortality rate time!

Ulva sp. (g DW m‘2)
duLvij _ )

g -ULVij(ULVGPR) ~ULVResp ~ ULVMoij ) (19)
ULVGPR; Gross primary productivity g DW ftime*
ULVResB Respiration rate time
ULVMortj Mortality rate time'

Zostera noltii (g DW m'2)
Variables and equations as described in Plus €@03)
Ruditapes decussatus (g DW mr2)

d BIVBjj _ _ _

—gt_ BIVDensj( BIVAbsgy ~BIVResp — BIVExgr= BIVMgr) (20)

dBIVDensj _ _

T ~HBIVDengj + BIVSegd~ BIVHagyv (21)
BIVDensij Density ind. nf
BIVAbsorij Absorption rate
BIVRespij Respiration rate g DW ind* time*
BIVEXcrij Excretion rate
BIVMortij Mortality rate

13



BIVSeedi Seeding rate g DW m” time*
BIVHarvij Harvest rate
u Mortality rate time'

Table 2-6 — Equations for suspended matter rateegees (see text).

TPM and POM
. _ TPMij 22)
TPMDep; = SlnklngVeIomﬁy
J Depth;
TPMResug = ErateVeIocitySheqf (23)
if \/Drag |CurrentVeIocitj/< CritSpeed then
VeIocityShea“r =0 else
(24)
0.02 10,
(CritSpeed
VeIocitySheaﬂr =min 2
(«/ Drag |CurrentVeIocit$)
-1.0
(CritSpeec)2
0.02 — Threshold value to avoid very high resusipensates
(calibrated)
POMD TPMD POMij
en; = e
Hi B TPmi (25)
POMR TPMR POMj
esug = esuys———
i Hom " (26)
9n2
Drag = — 13 (calculated by the hydrodynamic object) 27)
Deptﬁl/
n Manning coefficient
g Gravity m s?
CritSpeed Velocity threshold for resuspension m st

14



Table 2-7 — Equations for phytoplankton rate preessEach rate is multiplied by
corresponding carbon, nitrogen or phosphorus stimckbtain fluxes (see text).

Processes Equations Units
_ exp _lz|_ _lo
Vertically Pg(l) = Pmax k 7 ex | opt ex | opt (28)
integrated ( light P P imeL
limited where,
productivity, from| Pmax— Maximum rate of photosynthesis;
Steele’s equation| lopt— Optimal light intensity for photosynthesis;
(Steele, 1962)) ||, — Light intensity at depth z;
Light intensity at
box depth =1 pexpkz 29
Iz=1 0exp(kz) ! w E nt2 time'1
Light extinction k =0.0243+ 0.048%PM (30)
coefficient (empirical relationship with TPM concentration useduarte et al 1
m
(2003))
Light and g
temperature Pa(l.T)= P Tlimit 31 time”
lirited 9(LT)=Fa() (31)
productivity . __where,
Tlimit — Temperature limitation factor
PHYGPHJ‘ = Pg(I,T,Nul)=
. Ncelljj Pcellj
Pg(1,T)ymin " —, "
Light, temperaturé Kncen ¥ Ncelljj - Kecent Pcelj
and nutrient (32)
llml:jed . where, time 1
productivity KNcell —Half saturation constant for growth limited by oigen cell
quota
Kpcell—Half saturation constant for growth limited by ppberus
cell quota
Nitrogen cell PHYNij
quota NCellij =——— (33 mg N mg cl
PHYC|j
where,
PHYNijandPHY Cij represent phytoplankton biomass in nitrogén
and carbon units, respectively
Phosphorus cell PHYHj
quota Pcelljj = (34) mg P mg cl
PHYC|j
where,
PHYPij represent phytoplankton biomass in phosphorus unit
Nitrogen uptake PHYUptakeNj =Vn-PHYNj - (39) ug N L1 time
1
Phosphorus
uptake PHYUptakeR =V p. i (36
P j=VePHYRj (30 ug P L' time'l

15




Nitrogen uptake
rate YN)

If Nmin < PHYI\ﬁ < Nmaxand
PHYNj / PHYPU- < maxN/Ffj

NH 4jj 1 Ncellj (37)
Ammonium+ NH4IJ Nmax

V. AmmoniunT Vmax |‘\|(

V Nitrate+ Nitrite= max( 0Vmaxn ~ VAmmoniunk

NOjj - Ncelj
> Knitrates Nitrite T NQJ Nmax

(38)
Vn =V Ammoniunt V Nitrate-  Nitrite
else
VN=0, (39)
where

Nmin —minimal nitrogen cell quota (mg N mg’b ;
Nmax - maximal nitrogen cell quota (mg N mg]()i;
KAmmonium- half saturation constant for ammonium uptake

(umol N L'l);
maxN/F,] — Maximal cellular nitrogen:phosphorus ratio;

VimaxN- Maximal uptake rate (é);
KNitrate+Nitrite — half saturation constant for Nitrate + Nitrite
uptake imol N L-1);

time1

Phosphorus
uptake rate\(P)

If PHOSmIn < PHYf]’ < PHOSmaxand
PHYNJ- /PHYFij > minN/Plj

Vozv PO,jj 1 Pceljj @0 e
= - else
P VmaxP PO,j | PHOSmMa

VP =0, where
PHOSmMin -minimal phosphous cell quota (mg P m@}-p
PHOSmax- maximal phosphous cell quota (mg P m&)(:

Kp — half saturation constant for phosphous uptgkeo{ P L'l);
minN/Ffj — Minimal cellular nitrogen:phosphorus ratio;

Vmaxp- Maximal uptake rate (@);

time'1

Phytoplankton
exudation rate of
Carbon

PHYExudj = EXUdPHYGPRj , where (41)

Exud— Fraction exudated;

time1

PHYResE = (Ro + Rdark.TIimit.DainMeaerHj ) .

CarbonToOxygen .OxygenMolecularWeigt24
ChlorophyllIToCarbon

(42)
during the night

PHYResR = (Ro + Rjark.TIimit.DLratio.DainMearGPP,j ) .

CarbonToOxygen .OxygenMolecularWeigt24
ChlorophyllIToCarbon
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Phytoplankton

(43)

during the day, where

respiration rate ime-1
P RO— Maintenance respiration (mmob@ng chtl h'1); time
Rdark— Linear coefficient of increase in biomass-speaifick
respiration with gross photosynthesis (dimensi®)les
DLratio — Ratio between respiration in the light aadpiration in
the dark (dimensionless);
DainMear’GPPlj - Daily integrated gross productivity (mmo
O, mg Chtl hrly;
CarbonToOxygen — Conversion factor between oxygeswoed
and carbon produced in respiration (mg C @]@
ChlorophyllToCarbon — Conversion factor from chlidmglb to
carbon (mg C mg Chb)
Tlimit = exp( TempAugRatéT ij ~ TO)) (44)
Temperature where, dimensionless
limitation factor | TempAugRate — Temperature augmentation rate;
To— Reference temperature.
baogen moralyl pHYMortNij = PHYMorj -PHYGj-Ncell; (4s) 1
0ss ug N Fltime
Phosphorus D= PHYG;i.Pcell.. (46
mortality loss PHYMortRj = PHYMory Ci 1) (46) ng P rliimel
SettlingSpee!
| PHYSejj = P2 (47)
Carbon settling Depth;
loss rate J 1
time
where,
SettlingSpeed Fall velocity of phytoplankton cells (m%¥;
Depthj — Depth of layer j in column i (m)
) PHYNij P
Nitrogen settling PHYSetNj = SettllngSpeediDe e (48) ug N lime
loss P hJ
PHYS SettlingS A (49) P rltimel
= Settin ee Hg ime
Phosphorus etk g-p w
settling loss )
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Table 2-8 — Equations fa&nteromorpha spandUIva sp.rate processes. Each rate is

multiplied by corresponding dry weight, carbonyogen or phosphorus stocks to obtain

fluxes (see text).

Processes Equations Units
| z | z
= x——exp 1I-—=| (50
Steele’s equation Pg(l) = Pma | opt [{ | Opt] (50)
Steele, 1962 |
( ) where, time
Pmax— Maximum rate of photosynthesis;
'opt— Optimal light intensity for photosynthesis;
I, — Light intensity at depth z;
Light and !
ltgmtpt(ejrature Pg(1,T)= Pg()Tlimit (51) time
imite
productivity . _Wwhere,
Tlimit — Temperature limitation factor
Thimit = 1
1+ exp( -TempCoef(Tij ‘TO))
Temperature
limitation factor (52)
where, dimensionless

TempCoeff — Temperature coefficient;

To— Reference temperature.

Light, temperature

D

ENTGPRjor ULVGPR =P g(T,Nut ¥

and nutrient . . - i ——
ANC Ncellii — Pcelli —PHOSMIN time
limited Pg(I,T)mln 1) len ’ 1) .
productivity Nmax- Nmin PHOSmax PHOSmi
(53)
Symbols as before for phytoplankton (cf. — Table 7

Enteromorpha
nitrogen uptake EntUpDINij =Vn-ENTjj (54 g N n2 time'1
Enteromorpha
phosphorus EntUpDIN;; =Ve-ENTjj  (55) g P m2 time'1
uptake
Ulva nitrogen
uptake T .

p UIVUpDINIJ VWJLV j (56) g N 72 time'L
Ulva phosphorus
uptake N "

p UIvUpDINIJ =VaULV jj (57) o P m2 timeL
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v v NHa4jj + NQj Nmax- Ncsgjl 0
= maX . H
N maxN kom + NHajj + NGj Nmax— Nmin
. (58)
Nitrogen uptake time -1
rate YN) where
KDIN — half saturation constant for inorganic nitroggake
(umol N L'l);
Phosphorus .. | .
uptake rate\(P) | v/, :VmaxPﬂ max PHOSmax PCeJ” , time -1
ke POjjj PHOSmax PHOSMIn
(59)
Enteromorpha MAX (OxygenDemang- Doj, 0]
mortality rate ENTMort;j = ENTDeathLossENTfJ)eta+ KTEnt OrygenDemarg ENTjj
KTEnt— Mortality coefficient for oxygen limitation
time -1

OxygenDemandit Quantity of oxygen necessary over one time step

to support Enteromorpha respiration (only positideen respiratior
> photosynthesis)

(60)

Ulva mortality
rate

MAX (OxygenDemarﬁj - DOjj ,O)
ULVMortj = ULVDeathLOSSJLVhJEta-I- KTUlva

LVij
OxygenDemanﬁj ULVij

KTEnt— Mortality coefficient for oxygen limitation

OxygenDemandit Quantity of oxygen necessary over one time step

to support Ulva respiration (only positive whenpiestion >
photosynthesis)

(61)

time -1
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Table 2-9 - Equations fdRuditapes decussatuste processes.

Processes Equations Units
- FC
CR=aw ™ (62) L individua®
Clearance rate Where, day‘l
a —allometric parametal] — meat dry weight (gFC —
allometric exponent for clearance
a= Cisé 63)
Wt
o Where,
Coefficient CR;— Clearance rate of a standard anird|— meat dry weight
of a standar clam (g)
Clearance rate of a _ . L individuar?
Clearance rat CRest = (~0.003PMjj + 1.42f (T) (DO) (64) iy
if Tij < 20°C
Temperature _
limitation f(T)=1.0+ 0.04E(T ij — 20.)1(65) Dimensionenless
else
f(T) =1.0- 0.04(Tjj - 20.9
(66)
if DOsaﬁj >28%
f (DO) =1 67 Dimensionenless
Dissolved  oxygen else 67)
limitation
f (DO) =1.0+ 0.04 DOsaj ~ 28.
Suspended  matter Cons= CRFPMij g individual®
filtration day*
delta= ThresCons Cons
(68) where, ) )
PF = PFmax1- k It Dimensionenless
Pseudofaeces a)( eXp( XKp de )3)

production rate

(69)
ThresCons- Threshold filtration ratePFmax— Pseudofaeces maxim
production ratexkp— Coefficient

Suspended
ingestion

mattgr

Ing = Congl- PH con'(70)

g individual®
day*

Absorption

A=Ing. AE (71)
Where,
AE - Absorption efficiency

J individual®
day*

(it is converted
to/from g
individual™ day*

assuming an
energy contents fof
the clams of 20000
J g* (Sobral,
(1995))

Absorption
efficiency

AE =AEma>e£
OCl

Dimensionless
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Where,
AEmax— Maximum absorption efficiencP — Empirical coefficient;
OCI — Organic contents of ingested food

Respiration rate

RC
R=Rst{—— (72) where,
st
Rgt—respiration of a standar mussel (1 g DW),
RC- respiration exponent

J individual*
day*

(it is converted
to/from g
individual™* day*

assuming an
energy contents fof
the clams of 20000
J gl (Sobral,
1995))

Respiration rate of &

standard mussel

If DOsaj; < 28% Ry;=1.5else R;=3.1

J day' ind™
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Table 2-10 — Model parameters and respective vaMest values were calibrated from
ranges reported by quoted authors.

Object Parameter Value Reference
g’é‘iﬁdynam'c 2D Manning coefficient 0.03 s ml/3 Grant and Bacher (2001)
Eddy diffusivity 5mesl Neves (1985)
Suspended matter g0 0.00773 m 3 Calibrated
object
0.4 and 20 m dafor
SinkingVelocity POM anq TPM, Calibrated
respectively
Erate 432 g n? day” Calibrated
Phytoplankton object Nmin 0.1 mg N mg cl Jargensen et al (1991)
Nmax 0.53 mg N mg ¢l ‘
KAmmonium 2.94pumol N 1 ‘
maxN/R; 291 «
VmaxP andYmaxN 1.08 ¢l Cochlan & Harrison (1991)
KNitrate+Nitrite 30pmol N 11 Jorgensen et al (1991)
PHOSmMIn 0.002 mg P mg @ ‘
PHOSmax 0.08 mgP mg & “
minN/R; 4 “
Kp 2 umol P 11 ‘
Pmax 1.1d1 ‘
lopt 850pE N2 s1 ‘
KNcell 0.028 mg N mg & Calibrated
Kpcell 0.004 mg P mg & Calibrated
Exud 0.1 Jargensen et al (1991)
RO 0.02 mmol @ mg Cht
11 Langdon (1993)
Rdark 0.3 Calibrated
Dlratio 2 Langdon (1993)
CarbonToOxygen 0.3125mg C m@@ Vollenweider (1974)

ChlorophyllToCarbon

TempAugRate
To

Jargensen & Jgrgensen
50 mg C mg Chit ¢ g

(1991)
0.069 °cl Estimated
0°C for photosynthesis
and 25°C for respiration Calibrated

SettlingSpeed 1madal Mann & Lazier (1996)
. Jargensen & Jgrgensen
PHYMor 1
fj 0.05 day (1991)
Enteromorpha sp Pmax 6.93 mg C g(DW)-1 h-1 Serpa (2004)
lopt 335pE T2 sl “
ENTResp 0.04 mg C g(DW)-1 h-1 “
TO 0°C “
TempCoeff 1°C “
Nmin 0.01 gN g(DW)-1 “
Nmax 0.035 gN g(DW)-1 “
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PHOSmMIn 5 X 10-4 gP g(DW)-1 “
PHOSmax 4 X 10-3 gP g(DW)-1 “
VmaxN 1.68 mg N g(DW)-1h-1 “
VmaxP 0.23 mg P g(DW)-1h-1 “
KDIN 0.25mg L-1 “
Kp 0.025 mg L-1 :
ENTDeathLoss 0.00125 h-1 “
Beta 0.84 Solidoro et al. (1997)
KTEnt 1 Calibration
Ulva sp. Pmax 5.14 mg C g(DW)-1 h-1 Serpa (2004)
lopt 358pE nT2 sl “
ULVResp 0.25 mg C g(DW)-1 h-1 “
TO oeC “
TempCoeff 1°C “
Nmin 0.01 gN g(DW)-1 “
Nmax 0.04 gN g(DW)-1 !
PHOSMIn 6 X 10-4 gP g(DW)-1 “
PHOSmax 3.9 X 10-3 gP g(DW)-1 “
VmaxN 1 mg N g(DW)-1h-1 ’
VmaxP 0.3 mg P g(DW)-1h-1 “
KDIN 0.25mg L-1 “
Kp 0.025 mg L-1 “
ULVDeathLoss 0.00125 h-1 “
beta 0.84 Solidoro et al. (1997)
KTUIva 1 “
Zostera noltii 8X10% g O, mmol C*
Gbmax oc? day-l
(refer Plus et al. (2003) 0°C 1 qayl
for parameter meaning) Pmax 0.0 g @ mmol C" day
=2
Iltm_ax 13050\,\(/VWT2 Calibration
min
4.5X10° g O, mmol C*
Clr oCc* day*
5.9X10* g O, mmol C*
LRoec day®
Ruditapes decussatus Wt 0.3g Sobral (1995)
FC 0.7 “
ThresCons 0.0 g individuaf day® Calibration
xkp 0.8 “
PFmax 1.0 “
AP 0.07 “
AEmax 0.85 “
U 4X10° day* Falc&o et al. (2000)
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2.2.1. Hydrodynamic object

The hydrodynamic object was described in a previepsrt (Duarte et al., 2005). This
object allows the output of time integrated curreglocities and flow values for each
grid cell. These outputs may later be used to henremaining objects without the
necessary calculation overhead of the hydrodynaricesses. Therefore, a specific
transport object was implemented in EcoDynamo jsthandle the time series
calculated by the hydrodynamic object. This tramspbject computes the equation of
continuity, as described in Duarte et al. (2005 #&me transport equation (1) for all

pelagic variables of the other objects.

2.2.2. Wind object

This object returns wind speed forcing variablerage values to the water temperature

object. These values are then used to calculater\watt losses through evaporation.

2.2.3. Air temperature object

This object reads forcing variable air temperatakies and returns them to the water
temperature object, to be used to calculate senbisht exchanges between the water

and the atmosphere.

2.2.4. Light intensity and water temperature object s

Light intensity and water temperature were caledatby a light and a water
temperature object using standard formulationsrdest in Brock (1981) and Portela &
Neves (1994)Submarine light intensity was computed from thenbart-Beer law. The
water light extinction coefficient was computed thye suspended matter object (cf. —
2.2.6).

2.2.5 Dissolved substances object

The concentrations of dissolved inorganic nitrog®iN) - ammonium, nitrite and

nitrate -, inorganic phosphorus and oxygen in ed¢he model grid cells are calculated
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as a function of biogeochemical and transport @eesg, including exchanges with the
sea, loads from rivers and waste water treatmemtpl(WTPs), and exchanges across
the sediment water interface (Figs. 2-1, 2-2 aral€ra-2).

These variables are also calculated in pore waial¢ 2-3). Both the nitrogen and
phosphorus cycles are simulated using equationgparaimeters described in Chapelle
(1995). The only exception is the raeration cogdfit, calculated as a function of wind
speed, following Burns (2000). Phytoplankton anccrmalgae remove nutrients from
flowing water.Zostera nolttialso removes nutrients from pore water throughrtogs
(Plus et al., 2003).

2.2.6 Suspended matter object

This object computes total particulate matter (TRPMng L) and particulate organic
matter (POM in mg L) from deposition and resuspension rates, fromettehanges

with the sea and with other boxes (transport byhy@rodynamic object), and from the
net contribution of phytoplankton biomass (Figsl,22-2 and Table 2-4). POM
mineralization is calculated as in Chapelle (1998}urning the resulting inorganic

nitrogen and phosphorus to the dissolved substaigest.

Deposition of TPM in each grid cell is based onksig velocity and cell depth
(returned by the hydrodynamic object). Sinking eélois considered constant but with
different values for inorganic and organic mattaliprated) (Tables 2-4, 2-6 and 2-10).

Resuspension of TPM in each grid cell is calculasd function of current velocity
and bottom drag, returned by the hydrodynamic abj€able 2-6). Below a critical
velocity value, resuspension does not occur. Alaogertain threshold for the product of
bottom drag times current velocity (velocity sheaesuspension is assumed constant.
This is to avoid unrealistically high resuspensiates. This object is partly based on a

Stella model developed by Grant and Bacher (unpligdl).
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The light extinction coefficient (/) is calculated from an empirical relationship with
TPM (Equation 30 in Table 2-7), obtained from higtal data for Sungo Bay (Bacher,

pers com).
2.2.7 Phytoplankton object

Phytoplankton productivity is described as a fumcidf light intensity (depth integrated
Steele’s equation) (Steele, 1962), temperature adighiting nutrient — nitrogen or

phosphorus (Tables 2-4 and 2-7). In this modeltggignkton is represented through
chlorophyll, carbon, nitrogen and phosphorus podlkis allows the necessary
bookkeeping calculations on cell quotas. Traditiompproaches with models based
solely on nitrogen or phosphorus do not allow thes@putations. Internal cell quotas
are then used to limit carbon fixation through pisghthesis. A nutrient limiting factor

in the range 0 — 1 is calculated both for intermélogen and phosphorus. The lowest
obtained value is then multiplied by light and temrgiure limited photosynthesis

following Liebig’s law of minimum.

Nutrient uptake and limitation is described as aedkstage process (Table 2-7,
equations 35-40), following Jgrgensen & Bendotie¢R001) :

(1) The uptake of nitrogen and phosphorus is depermeriheir concentration

in the water, on their cell quotas and on the rargdeheir cellular ratios;

(i) After uptake, nutrients accumulate in the cells;

(i)  Internal nutrient concentration is used to limiyfaplankton productivity.
A Michaelis-Menten equation is used to relate rutriuptake with their concentration
in the water, following several authors (e.g. Passet al., 1984; Ducobu et al., 1998;
Jargensen & Bendoriccchio, 2001). The parametershisf equation are the half-
saturation constant and the maximum uptake rates@ were taken from the literature,
within the range of measured values (Cochlan andisda, 1991; Jgrgensen et al.,
1991). The Michaelis-Menten equation is not they@abulating mechanism of nutrient
uptake, which is also constrained by current cetitgs to avoid values outside ranges
reported in the literature. When N:P ratios aresiolgt limits currently measured, N or P
uptake is constrained. Nitrogen uptake rate isutafed first for ammonium nitrogen
and then for nitrite + nitrate, reducing their ggaroportionally to ammonium uptake.
This is based on the usual assumption that ammorsithe preferred nitrogen source
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for phytoplankton(Parsons et al., 1984). Phytoplankton respiratiobased on the
model of Langdon (1993) (Table 2-7, equations 42 43).

2.2.8 Enteromorpha spp. and Ulva spp. objects

These objects were computed as described in Soliebal. (1997) and Serpa (2004)
(Tables 2-5 and 2-8).

2.2.9 Zostera noltii object

This object compute&. noltii photosynthesis, respiration, nutrient uptake,di@ation
and reclamation, growth, mortality and recruitmastdescribed in Plus et al. (2003),
except for some modifications described below. losPet al. (2003), growth is
calculated without considering any limit to plantividual weight or size. Therefore,
the model may produce biomass standing stocks dadt mlensities that imply
unrealistically large individual sizes. This can beoided by careful calibration.
However, in the present model it was decided tatereome mechanisms to avoid this
potential problem. This was done by defining anngstptic individual weight for
Zosteraleaves. Any biomass production leading to growtbve that asymptotic value
Is released as detritus to the suspended mattectabj noltii parameters differing from
those reported in Plus et al. (2003) are listed@iable 2-10, using the same symbols of

those authors.

2.2.10 Ruditapes decussatus object

Differential and rate equations for the clam objaet depicted in Tables 2-5 and 2-9,
respectively. Parameters are listed in Table 2R#te equations were obtained from
ecophysiology data reported in Sobral (1995). Téwegal approach to simulate bivalve
feeding and growth is similar to other works (eRaillard et al., 1993; Raillard &

Ménesguen, 1994; Ferreira et al., 1998; Duarté. ,e2@03). Clearance rate is computed
from an empirical relationship with TPM, water tesngture and oxygen concentration.
Temperature limitation is calculated from a dirdetear relationship with water

temperature, until 20°C, and an inverse linearticglahip, above that value. Oxygen
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limitation is calculated as a linear function ofygen saturation, when this is below
28% saturation (hypoxia conditions). Ingestion @icalated from clearance and
pseudofaeces production rate. Absorption is caledldrom ingestion and faeces
production and the usual asymptotic relationshifhwigested organics (e.g. Hawkins
et al., 1998). Scope for growth is calculated fra@bsorption and metabolism.
Respiration is calculated as a function of oxygatumstion. When saturation is below
33 %, respiration rate decreases (Sobral, 199%pma&dtric relationships are used to

correct for bivalve weight.

2.3 Model setup

In what concerns pelagic variables, the model waisialized with the same
concentrations over all model domain, under theiragsion that local and exchange
processes would produce a rapid change (withinwa Heurs) of initial conditions,
which was the case. Regarding pore water and setivaeiables, uniform values were
used to initialize conditions in similar sedimegpes. These were defined as sand,
sand-muddy, muddy-sand and muddy. Water, pore veai@rsediment variable values
were obtained from a database available at the DITproject web site

(www.dittyproject.org. Sediment types and distribution of benthic Jazlea were

obtained from a GIS developed partly during the DiTproject (Rodrigues et al.,
2005). Figs 2-4 — 2-6 summarize distribution ofiseght types and benthic variables.

£# Layers

= allacation_to_sedimenks

= mMud
[ 5andy Mud
B ruddy Sand
B sand

Fig. 2-4 — GIS image showing sediments type distrdm in Ria Formosa.
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©  Salt Marsh < Enteromorpha sp

Ulva sp. *  Zoostera noltii

Fig. 2-5 — GIS images showing Ria Formosa benthécies considered in this work —
Salt MarshesUlva sp, Enteromorpha spndZostera noltti.
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£F Layers
= Shellfish_Areas

Fig. 2-6 — Ria Formosa shellfish farming areas.
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2.4 Model testing

Validation of the hydrodynamic sub-model was carreit before (Duarte et al., 2005;
Duarte et al, submitted) and will not be discussethis work. The same applies to the
SWAT model application used to force the lagoon eh@d river boundaries (Guerreiro
& Martins, 2005).

Regarding the biogeochemical sub-model, a sigmfigart of model parameters was
taken from the literature: e.g. water column andireent biogeochemistry, seagrass,
macroalgal and some phytoplankton parameters froapé&le (1995), Solidoro et al.
(1997), Plus et al. (2003), Serpa (2004) dralcao (1996), respectively. Some
parameters were calibrated with a zero dimensi(@ia) version of the model. Several
simulations were carried out with full model compte to check if predictions

remained within reasonable limits.

For the purposes of model calibration and validaiiis important to have data on
boundary and forcing conditions collected simultarsgdy with data inside the lagoon.
Most of the data available for Ria Formosa doedulbl these requirements — for some
years there is data collected inside the lagoombuét the sea and river boundaries and
vive-versa. Fortunately, there is a relatively diata set for 1992 (Falcdo, 1996) that
includes nutrient data inside and outside (at #geloundary) the lagoon sampled at a
number of stations depicted in Fig 2-3. This dahveas used to test the model. This
test simulation will be hereafter referred as th&@fidard simulation”. However, given
the fact that lagoon bathymetry changes very rag@dhd that the bathymetry used in the
model was obtained in a relatively recent survegn@ucted by the Portuguese
Hydrographic Institute in 2000), the comparisonwiastn observed and predicted data

should be carried out with caution.
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3 Results and discussion

Comparisons between observed and predicted vatudgeiStandard simulation (cf. —
Methodology — Model testing) are shown in Figs. 813-6 for nitrate, ammonia,
phosphate and water temperature. Observations mvade during the ebb and during
the flood for each sampling occasion. Nutrient dlo@lues are lower than ebb values
and closer to the sea boundary conditions, exagptifrate in some occasions. This is
also the case for simulated data, as can be seenmtrate in Fig. 3-1shown together
with water depth. The small number of observatiprevents any powerful statistical
test to quantify model performance. Furthermordada available only for a small
number of stations located not very distant frora another (c.a. 500 — 1000 m) and for
a small number of variables. However, in most situs, the ranges predicted by the
model are within those observed, with the poorerfopmance for ammonia -

overestimated by the model.

Fig. 3-7 shows an example of two contour plotsrnitrate and chlorophyll. The range
for nitrate is very large (up to 880nol L) as a result of river inputs. Apart from river

mouths, concentrations are usually aroupairbl L™.

Comparisons between model predictions and rangestesl in several works were also
made for the biomass of benthic species, waternmolghlorophyll, sediment pore
water nutrient and oxygen concentrations and sedimEarbon, nitrogen and
phosphorus contents. However, available data fesethvariables were obtained in
different years than water quality data shown gsFB-1 — 3-6Therefore, comparisons
with results reported in other authors (Anibal, 89Balcdo et al., 2000; Santos et al.,
2000) were just to make sure that model predictrensained within reasonable limits,

which was the case

Figs. 3-8 — 3-10 show predicted averageoltii, Enteromorphap.,Ulva sp.biomasses
and chlorophyll concentrations over a period of gear. The model may underestimate
Z. noltii biomass, which has been reported to reach vatuesdess of 200 g (DW) ™
is some areas, without a very clear seasonal pafgantos et al., 2000). However,

considering that the results shown in Fig. 3-8 arerages over all habitat area (cf. —
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Fig. 2-5), this underestimation is probably notwkarge. In what concerns macroalgae,
Enteromorphaand Ulva biomasses hardly reach 50 and 10 g (DW), nespectively,
with the latter being usually below 5 g (DW)“nfAnibal, 1998). Fig 3-11 showR.
decussatusverage individual weight for the same period.nClgrowth is similar to
growth curves reported in previous works (Falcaal €2000).

Table 3-1 synthesis average values predicted byntbael for a period of one year for
several sediment and pore water variables, consgl¢he sediment types depicted in
Fig. 2-4. All values are well within ranges measune Ria Formosa at the different

sediment types as checked in a database availatble BITTY web site.

Although presented results do not allow a compdeie systematic testing of the model
in the light of available data, due to the lack eofcomplete dataset for one year,
including boundary conditions, the model, as iseems to be a good starting point as a
management tool. Further testing is necessary &ulseveral improvements in the
definition of initial conditions. For example, Gtfata presented in Fig. 2-5 are only an
approximate representation of the distribution ofacnealgae and seagrasses.
Furthermore, the functional role of salt marsheRi@ Formosa need to be accessed to

improve their forcing to the model.
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Fig 3-1- Simulated and observed nitrate (upperttlaad ammonia (lower chart) at
station RA. Also shown simulated box depth to enspteathe opposite trends between
concentration and water depth (upper chart)
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Table 3-1 — Sediment and pore water average véllue$ cm), predicted by the model for differendisgent types over a period of one year.

Organic Organic Organic Adsorbed
carbon nitrogen phosphorus phosphorus Ammonium Nitrate Phosphate
ug g* pmol L™
Mud 7951.85 366.59 161.88 2.80 38.67 0.85 0.95
Muddy-sand  5268.89 192.51 66.87 1.72 39.94 0.81 1.67
Sany-mud 5254.10 175.98 65.01 1.76 39.75 0.93 1.76
Sand 2851.39 76.38 20.53 2.38 33.53 0.43 1.58
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