Appendix 2. Main differential equations used in the Ecological sub-model. Part of these formulae have
already been described in Cugier et al. (2005a), but changes and new equations have been introduced
to account for the particularities of the estuary. Further details can be found online at the model
webpage [http://www.ifremer.fr/docmars/html/doc.module.biolo.html]

1. Ammonium

axy _ fNHadiat .
dat (kNminer : fT ' X12) - (knitrif ' Xl) - [ fadiat * Mmaxdiat ° fT ' mln(deiatv fSidialtr deiat: deiat) ' X6 +
fNHadiatfresh : fNH4gra
[ * Umaxdiatfresh ° fT ' mln(deiatfreshv fSidialtfresh' deiatfreshrdeiatfresh) : X7 + f '
Ndiatfresh Ngra
: fNHzmano .
Mmaxgra fT ’ mln(ngrav ngra: ngra) Xg + fNnano * Umaxnano * fT . mln(anano: ananor anano) *X10 +

fNH4din0 .

fdino Mmaxdino ° fT ' min(deinor deinov deino) ' Xll] + €XCl'meszoo fT ' Gmeszoo : X15 + €XCl'miczoo *

fT ' Gmiczoo ' X16 + €XCl'miczoofresh * fT : Gmiczoofresh ' X17

2. Nitrate
ax; _
dt
fNO3diat : fNO3diatfresh
(knitrif ' Xl) - [ fadiat * Mmaxdiat * fT : mln(deiat: fSidiatr deiatr deiat) : X6 + fadiatfresh * Umaxdiatfresh °
. fNOSgra
fT ' mln(deiatfreshv fSidialtfresh' deiatfresh' deiatfresh) ‘X7 + fngra * Mmaxgra fT :
fN03nan0 . fN03clin0 .

min(ngra: ngra' ngra) Xg + Hmaxnano ° fT : min(ananov anano' anano) X10 +

anano deino

Mmaxdino fT ' min(deinov deinor deino) ' X11

3. Dissolved silica

dXs

dt = (kSidiss ' fT ' X13) — I'siN -~ [l-]-maxdiat ' fT ' min(deiat' fSidiat: deiatv deiat) ' X6 *+ Hmaxdiatfresh * fT '
min(deiatfresh' fSidialtfresh: deiatfresh: deiatfresh) ' X7]

4. Dissolved phosphorus

dX,

dt = (kPminer : X14) —TIpn - [Umaxdiat : fT : min(deiatv fSidiatv deiatr deiat) : X6 + Umaxdiatfresh ° fT '
min(deiatfresh' fSidialtfresh: deiatfresh: deiatfresh) X7 + Mmaxgra fT : min(ngra: ngra: ngra) X9 +
Mmaxnano * fT ' min(anano' anano: anano) ' XlO *+ Hmaxdino fT : min(deino' deinov deino) : Xll] + I'pN -

(excrmeszoo : fT : Gmeszoo : X15 + eXCl'miczoo ° fT : Gmiczoo : X16 + €XCI'miczoofresh * fT : Gmiczoofresh :
kdesorp'XS
X17) - kadsorp : (Qadsorpmax : XSM - XS) : X4 + : XS

Qadsorpmax'XSM

5. Particulate exchangeable phosphorus

kdesorp'Xs
dt = kadsorp : (Qadsorpmax - Xgm — XS) - Xy —

'XS

Qadsorpmax‘XSM



6. Diatoms (in N units)

dXe _
dat
[Mmaxdiat * fr - min(fgiav fsidiav fediat fLdiat) — Maiat * fr] - X6 —
Hmaxmeszoo'fT‘Gmeszoo'Meszcaptdiato'xe X
15 =

MeszZcqaptdiato X6 tMeSZcaptdino X11+MeSZcaptmicz X16

Kmaxmiczoo'fT'Gmiczoo "MicZcgptdiatoXe X
‘16

. . . . 1
MicZcaptdiatoXetMiCZcaptnanoX10 +Mlczcaptdet'mm(XlzrrPNXM)

and for the bottom water layer only, benthic grazing, falling and resuspension:

dX6 dX6 filtbenthmax-fSINUS

Upottom
-6 - X¢ = Vrauaiato - X¢ + flx .(——1)
dt dt Dbottom 6 falldiato 6 f eros VCTiteros

7. Freshwater diatoms (in N units)

dX-, .
F = [l-]-maxdiatfresh ' fT ' mln(deiatfreshr fSidiatfresh: deiatfresh: deiatfresh) — Mygjatfresh * fT] ' X7 -

lJ-maxmiczoofresh'fT'Gmiczoofresh‘MiCZfTEShcaptdiato'X7

’ X17

. . . . 1
Miczfreshcaptdiato X7+Miczfresheaptchio-Xo +Mchfreshmptdet»mln(Xlz,—rPNXM)

and for the bottom water layer only, benthic grazing, falling and resuspension:

dX7 dX7 filtbenthmax-fSINUS

Upottom
= - Xy = Vrauaiato - X7 + flx .(——1)
dt dt Dbottom 7 falldiato 7 f eros VCTiteros

8. Benthic diatoms (in N units)

dXg

_ Upottom
at Vralldiato * (X6 + X7)_flxeros ' (vcrit - 1) — Mgiatsed * fT ' X8
eros

9. Green algae (in N units)

axy _
dat
[l-]-maxgra : fT : mln(ngra: ngrav ngra) — Mgra * fT] X9 —

Hmaxmiczoofresh 'fT‘Gmiczoofresh'MiCZfTEShcaptchlo Xg

’ X17

. . . . 1
Miczfreshcaptdiato X7+Miczfresheaptchio-Xo +Mchfreshmptdet»mln(Xlz,—rPNXM)

and for the bottom water layer only, benthic grazing:

ng _ dX9 filtbenthmax-fSINUS X
dt dt Dpottom 9




10. Nanophytoplankton (in N units)

dX;9

dt
[umaxnano ' fT ' min(anano' anano: anano) — Mpano * fT] : X10 -

llmaxmiczoo‘fT'Gmiczoo‘MiCanptnano X10 X
16

. . . . 1
MicZcaptdiatoXetMicZcaptnanoX10 +Mlczcaptdet'mm(XlzrrPNXM)

and for the bottom water layer only, benthic grazing:

XmO — dX10 _ filtbenthmax-fSINUS . X
dt dt Dpottom 10

11. Dinoflagellates (in N units)

dXq4
Tde
[umaxdino - min(deinm fpdinos deino) — Mgdino ° fT] ‘X1 —
Hmaxmeszoo ' fT'Gmeszoo"MeSZcaptdino X11
“X1s

MeszZcqptdiato X6 tMeSZcaptdino X11+MeSZcaptmicz X16

and for the bottom water layer only, benthic grazing:

Xml dX11 filtbenthmax-fSINUS

= X
dt dt Dpottom 1
12. Detrital organic nitrogen
dx
le = _(kNminer : fT : X12) + (mdiat : fT : X6) + (mdiatfresh : fT : X7) + (mgra : fT : X9) + (mnano : fT :

XlO) + (mdino : fT ' Xll) + [(mmeszoo + Mgy - X15 ' fT) + (1 - ASSimmeszoo) * Umaxmeszoo * fT :
Gmeszoo] : X15 + (mmiczoo + Mey0 X16 ' fT) + (1 - ASSirnmiczoo) * Umaxmiczoo * fT : Gmiczoo -

. . 1
Kmaxmiczoo fT'Gmiczoo ‘Miczeap tdet'mln(xlzvrP_NXM)

; . . . 1 X16 + (mmiczoofresh + Mez00 * X17 fT) +
MlCanptdiato'XG+MlCanptnano'X10+Mlczcaptdet'mm(Xlz'ﬁxm)

(1 - ASSimmiczoofresh) * Umaxmiczoofresh * fT : Gmiczoofresh -

. . 1
umaxmiczoofresh‘fT‘Gmiczoofresh'MlCZfTEShcaptdet'mm(xlz’rPNXM)

, . ) ) 1 X17
MicZcaptdiatoXetMiCZcaptnano X10+MiCZegptder min Xlz:rPNXM

and for the bottom water layer only, benthic grazing, falling and resuspension:

XmZ _ XmZ + filtbenthmax-fSINUS
dt dt Dpottom

Upottom
. (X6 + X7 + Xg + X10 + Xll) - vfalldet . X12 + flxeros . ( bott _ 1)

UCTiteros



13. Detrital biogenic Silica

X5
dt
—(Ksigiss * fr - X13) + (Mgjat - fr - Tsin - X6) + (Mgjatfresn - fr * Tsin - X7) +

Kmaxmeszoo ' fT'Gmeszoo "MeSZcqptdiatoXe

. X15 . rS. +
iN
| MeSZcaptdiatoXetMeSZeaptdino X11+MeSZeaptmicz'X16

Kmaxmiczoo'fT'Gmiczoo "MicZcgptdiatoXe

: : : : I X16 * Isin +
_Mlczcaptdiato'xﬁ +MicZcaptnano X10 +MlCanptdet'mm(xu:ﬁxu)

lJ-maxmiczoofresh'fT'Gmiczoofresh‘MiCZfTEShcaptdiato'X7

: : : , n - X17 " TsiN
_Mlczfreshcaptdiato Xz+MiczfresheaptchioXo +Mchfreshmptdet»mln(Xlz,ﬁXM)

and for the bottom water layer only, benthic grazing, falling and resuspension:

dX13 _ dX13 + filtbenthmax-fSINUS
dt dt Dpottom

u
(X + X7) * I'siN — Vrquaet * X13 + flXeros * (M - 1) * TsiN

VCTiteros

14. Detrital organic phosphorus

dX4

dt = _(kPminer : fT : X14) +IpN - fT : [(mdiat : X6) + (mdiatfresh : X7) + (mgra : X9) + (mnano : XlO) +

(mdino : Xll)] + [(mmeszoo + Mgy00 ¢ X15 : fT) + (1 - ASSimmeszoo) * Umaxmeszoo ° fT : Gmeszoo] :
Xi5 - rpN +

(mmiczoo + Mey0 X16 ' fT) + (1 - ASSimmiczoo) * Umaxmiczoo * fT : Gmiczoo -

. . 1
Kmaxmiczoo fT'Gmiczoo ‘Miczeap tdet'mln(xlzvrP_NXM)

; . . . 1 X16 " TpN T (mmiczoofresh + Myz00 - X17
MlCanptdiato'XG+MlCanptnano'X10+Mlczcaptdet'mm(Xlz'ﬁxm)

fT) + (1 - ASSirnmiczoofresh) * Umaxmiczoofresh * fT : Gmiczoofresh -

. . 1
umaxmiczoofresh‘fT‘Gmiczoofresh'MlCZfTEShcaptdet'mm(xlz’rPNXM)

: ) : : 1 - X17 " TpN
MicZcaptdiato XetMiCZcaptnanoX10 +MlCanptdet‘mln(Xlz:ﬁXM)

and for the bottom water layer only, benthic grazing, falling and resuspension:

dX14 dXy4 | filtbenthmaxfsinus Upottom
= (X X X X X “TpN — V -X Ix =
It Fra Dyoctom (Xe + X7 + Xg + X109 + X11) * I'pN — Vrquaet * X14 + flXeros P
1) * I'pN

15. Mesozooplankton (in N units)

dt = [(P—maxmeszoo ' ASSlmmeszoo : fT : Gmeszoo) - (excrmeszoo ' fT : X15) - (mmeszoo + Mey0 X15 '

fr)] - Xis



16. Microzooplankton (in N units)

dX .
Tlé = [(P—maxmiczoo ' ASSlmmiczoo ' fT ' Gmiczoo) - (excrmiczoo ' fT : X16) - (mmiczoo + Mgy X16 ' fT)] :

X Hmaxmeszoo‘fT'Gmeszoo'Meszcaptmicz'xlé X
16 — tA15

MeszZcqptdiato X6 tMeSZeaptdino X11+MeSZcaptmiczX1e

17. Freshwater microzooplankton (in N units)

dX,,

dt
[(umaxmiczoofresh ' ASSirnmiczoofresh : fT : Gmiczoofresh) - (excrmiczoofresh : fT : X17) -

(mmiczoofresh + Mey00 X17 : fT)] ' X17

18. Oxygen

dXqg

dt
Tps *Toz2n
[l-]-maxdiat : fT : min(deiat' fSidiatv deiatv deiat) : X6 + Wmaxdiatfresh fT :
min(deiatfresh' fSidialtfresh: deiatfresh: deiatfresh) X7 + Mmaxgra fT : min(ngra: ngra: ngra) X9 +
Umaxnano ° fT : min(anano' anano: anano) : XlO + Umaxdino ° fT : min(deino' deinov deino) : Xll] -
Toan * fr - [Qrespphyto ’ ((1 - deiat) ‘X + 1- deino) ‘X11 + 1- anano) ‘X0 + 1- foreshdiat) '
X7 + (1 - foreshgra) : X9) + grespzoo : (X15 + X16 + X17)] - KOZreminer *To2n * X12 - Knitrif :

Toznitrif * X1

and for the surface water layer only:

Wind)?
dX15 _ dXis + 0'64+0'0256'(0.447) - Xsatoz — X18)
dt dt Dsurface atoz 18

19. Additional specifications

Gmeszoo =

1- exp (_Ymeszoo(MeSanptdiat : X6 + Meszcaptdino : X11 + Meszcaptmicz : X16 - l:’rthresmeszoo))

. . . . 1
Miczcaptdiato XetMiCZcaptnanoX10 +Mlczcaptdet‘mm(xlzr_TPNXM)_Prthresmiczoo

Gmiczoo = - - ) ) 1
KmiczootMiCZcaptdiato XetMiCZcaptnano X101+ MICZcgptder min Xlz’rpNXM —Prthresmiczoo

Gmiczoofresh =

. . . . 1
Miczfreshcaptdiato X7 +MiczfresheaptchloXo +MlCZfTEShcaptdet'mm(xlz'rPNXM)_Prthresmiczoofresh

. . . . 1
KmiczoofreshtMiczfresheqptdiato X7 +MiczfresheaptchioXo +MlCZfrEShcaptdet'mln(xlzerNXM)_Prthresmiczoofresh

where:

fsivus = sinusoidal function for seasonal variability of benthic filtration



s, froz, fu, fr, fsi = phytoplankton limiting effect of nutrients
fi=phytoplankton limiting effect of light

Xsm = total suspended particulate matter concentration (g-1-1)
Dpottom = thickness of the bottom water layer (m)

Dysurface = thickness of the surface water layer (m)

Vialldiato = falling velocity of diatoms

Ubottom = Mean current in the bottom water layer

wind = wind velocity (m-s-1)



