
Tables

Table 1: State variables, model forcings, and derived output variables for which calibration data were

available. The * indicates availability of a data counterpart for calibration. The subscript i refers to

the two phytoplankton groups (i∈{I,II})

Acronym Description Units

State variables

DIN dissolved inorganic nitrogen mmolm−3 *

DON dissolved organic nitrogen mmolm−3 *
13CPhytoi

13C in phytoplankton group i mmolm−3

12CPhytoi
12C in phytoplankton group i mmolm−3

13CZoo
13C in zooplankton mmolm−3

13CDet
13C in detritus mmolm−3

12CDet
12C in detritus mmolm−3

13CBac
13C in bacteria mmolm−3

13CLDOC
13C in labile dissolved organic carbon mmolm−3

12CLDOC
12C in labile dissolved organic carbon mmolm−3

13CSed
13C in sedimented detritus mmolm−3

12CSed
12C in sedimented detritus mmolm−3

Forcing functions

13CDIC
13C in dissolved inorganic carbon mmolm−3

12CDIC
12C in dissolved inorganic carbon mmolm−3

I irradiance Wm−2

Derived output variables relevant for calibration

DOCtot total DOC (labile + refractory background) mmolm−3 *

POC particulate organic carbon mmolm−3 *

PON particulate organic nitrogen mmolm−3 *

CPhytoi carbon in phytoplankton group i mmolm−3 *

CSed carbon in sedimented detritus mmolm−3 *

NSed nitrogen in sedimented detritus mmolm−3 *

δ13CPhytoi δ13C of phytoplankton group i h *

δ13CZoo δ13C in zooplankton h *

δ13CBact δ13C in bacteria h *

δ13CSed δ13C in sedimented detritus h *

δ13CPOC δ13C in POC h *
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Table 2: Rate equations, mass balance equations for the state variables, and equations for the calcu-

lation of derived output variables. The subscript i refers to the phytoplankton groups (i∈ {I,II}).
The superscript x refers to the carbon isotope (x∈{12,13}).

Rate equations

F
13C
DIC = pref×

13CDIC

13CDIC +12CDIC
(4)

growthPhytoi =µi×
DIN

DIN+ksN
× I

I+ksI
×CPhytoi (5)

mortPhytoi = ξi×CPhytoi (6)

LossDOM
Phytoi

= fDOM ×mortPhytoi (7)

LossDet
Phytoi

= fDet×mortPhytoi (8)

respPhytoi = (1−fDet−fDOM )×
X

i

mortPhytoi (9)

exudPhytoi = γi×growthPhytoi (10)

grazPhytoi =µg×
CPhytoi

CPhytoi +ksg
×CZoo (11)

respZoo = (1−ffaeces−fsink)×
X

i

grazPhytoi (12)

LossDet
Zoo = ffaeces×

X
i

grazPhytoi (13)

LossSed
Zoo = fsink×

X
i

grazPhytoi (14)

growthBac =µBac×
LDOC

LDOC+ksDOC
×CBac (15)

respBac = growthBac (16)

minDON = ρ×DON (17)

minDet = ρ×CDet (18)

sinking= rsink×CDet (19)

resp=
X

i

respPhytoi +respZoo +respBac (20)

Mass balance equations

d DIN

dt
= (−

X
i

growthPhytoi +minDet +resp)×NC+minDON (21)

d DON

dt
= (

X
i

exuPhytoi −growthBac)×NC+
X

i

LossDOM
Phytoi

×NC−minDON (22)

d xCPhytoi

dt
= growthPhytoi ×F

jC
DIC −(mortPhytoi +grazPhytoi +exuPhytoi)×F

xC
Phytoi

(23)

d xCDet

dt
=

X
i

[F
xC
Phytoi

×LossDet
Phytoi

+F
xC
Zoo×LossDet

Zoo]−F
xC
Det×(minDet +sinking) (24)

d xCLDOC

dt
=

X
i

[F
xC
Phytoi

×(exudPhytoi +LossDOM
Phytoi

)]−F
xC
LDOC ×growthBac (25)

d xCSed

dt
=F

xC
Det×sinking+F

xC
Zoo×LossSed

Zoo (26)

d 13CBac

dt
= growthBac×(F

13C
LDOC −F

13C
Bac ) (27)

d 13CZoo

dt
=

X
i

[(1−ffaeces)×grazPhytoi ×(F
13C
Phytoi

−F
13C
Zoo )] (28)

Additional output variables

CPhytoi =13 CPhytoi + 12CPhytoi (29)

CDet =13 CDet + 12CDet (30)

CSed =13 CSed + 12CSed (31)

NSed =CSed×NC (32)

LDOC =13 CLDOC + 12CLDOC (33)

POC =
X

i

CPhytoi +CZoo +CDet +CBac (34)

PON =POC×NC (35)

DOCtot =DOC+LDOC (36)
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