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Appendix 1. Powersim model code

Powersim model available from communicating author* (k.j.flynn@swansea.ac.uk)

STATE VARIABLES

dim
corpse = (AGE)

 init
corpse = 0

flow
corpse = +dt*oldD


+dt*stageD

doc
corpse = accumulation of corpses (nos/m3)

 init
corpseC = 0

flow
corpseC = +dt*ARRSUM(eggResidue)


+dt*ARRSUM(mZdeath)

doc
corpseC = corpses - NOTE, the N from this is assumed to go to NH4, only this, the C, goes to system-C (mgC/m3)

 init
DiaNC =  initial_DNC

flow
DiaNC = -dt*dNC_Diat


+dt*NupDiat

doc
DiaNC = diatom N:C (gN/gC)

 init
Diat =  initial_DiaC

flow
Diat = -dt*sediment


-dt*mixdiat


-dt*uZing_diat


+dt*Cfix_Diat


-dt*ARRSUM(mZIng_diat)

doc
Diat = diatoms (mgC/m3)

 init
diatProd = 0

flow
diatProd = +dt*Cfix_Diat

doc
diatProd = cumulative diatom production (mgC/m3)

 init
DIC = 12*2e-3*1e6/10

flow
DIC = +dt*uZCresp


-dt*Cfix


+dt*ARRSUM(mZCresp)

doc
DIC = DIC (mgC/m3)

init
Flag =  initial_FlagC

flow
Flag = -dt*mixflag


-dt*uZIng_flag


+dt*Cfix_flag


-dt*ARRSUM(mZIng_flag)

doc
Flag = Flagellate biomass (mgC/m3)

 init
Flag_NC = initial_fNC

flow
Flag_NC = -dt*dNC_Flag


+dt*NupFlag

doc
Flag_NC = flagellate N:C (gN/gC)

 init
flagProd = 0

flow
flagProd = +dt*Cfix_flag

doc
flagProd = cumulative flagellate production (mgC/m3)

 init
inter1 = 0

flow
inter1 = -dt*Rate_17


+dt*Rate_15

doc
inter1 = intermediate in averaging of copepod number-specific growth rate calc

init
Inter2 = 0

flow
Inter2 = -dt*Rate_18


+dt*Rate_16

doc
Inter2 = intermediate in averaging of copepod C-specific growth rate calc

 init
NH4 =  initial_NH4

flow
NH4 = -dt*mixNH4


+dt*uDINL


-dt*NH4upDiat


-dt*NH4upFlag


+dt*ARRSUM(mDINL)

doc
NH4 = Nutrient NH4 (mgN/m3)

 init
NO3 =  initNO3

flow
NO3 = -dt*NO3upflag


-dt*NO3updiat


+dt*mixNO3

doc
NO3 = Nutrient NO3 (mgN/m3)

dim
nos = (A = FIRST(AGE) .. LAST(AGE))

init
nos =  initNos

flow
nos = -dt*grazEN


-dt*oldD


-dt*(0)


+dt*(ageing(A))


+dt*egg


-dt*stageD

doc
nos = copepods in each age class (nos/m3)

 init
POCm = 1e-12

flow
POCm = -dt*ARRSUM(IngPOC)


-dt*mixPOCm


+dt*ARRSUM(POCLm)

doc
POCm = meso-size particulate organic carbon (mgC/m3)

 init
POCu = 1e-12

flow
POCu = -dt*mixPOCu


+dt*POCLu


-dt*dCuse_1

doc
POCu = micro size detrital particulate organic carbon (mgC/m3)

 init
PONm = 1e-12

flow
PONm = -dt*ARRSUM(IngPON)


-dt*mixPONm


+dt*ARRSUM(PONLm)

doc
PONm = meso sized particulate organic nitrogen (mgN/m3)

 init
PONu = 1e-12

flow
PONu = -dt*mixPONu


-dt*dNuse_1


+dt*PONLu

doc
PONu = micro size detrital particulate organic nitrogen (mgN/m3)

 init
SC = SCm

flow
SC = -dt*dSC


+dt*upS

doc
SC = diatom Si:C (gSi/gC)

 init
Si = initSi

flow
Si = -dt*mixSi


-dt*Siuse

doc
Si = Nutrient Si (mgSi/m3)

 init
uZC = initial_uZC

flow
uZC = -dt*mixuZC


-dt*uZCresp


+dt*CInc


-dt*ARRSUM(mZCuZCing)


-dt*uZCuZCing

doc
uZC = uzooplankton biomass carbon (mgC/m3)

dim
Zegg = (AGE)

init
Zegg = 0

flow
Zegg = -dt*laid


+dt*eggP

doc
Zegg = todays biomass accumulated for egg production (mgC/m3)

dim
Zwt = (A = FIRST(AGE) .. LAST(AGE))

init
Zwt = initZwt

flow
Zwt = -dt*(0)


+dt*(Zwt_ageing(A))


+dt*gro


+dt*S1in


-dt*S1t

doc
Zwt = biomass of indvidual in each age class; mgC per individual; does not matter how many there are

FLOW AUXILIARIES

dim
ageing = (A = FIRST(AGE) .. LAST(AGE))

aux
ageing = (INDEX(A)<=max_age)*((nos(A-1)>0)*(nos(A-1))/TIMESTEP*(FRAC(TIME)=0)-1*(INDEX(A)<LAST(A))*(INDEX(A)<max_age)*nos(A)/TIMESTEP*(FRAC(TIME)=0)) WHEN A>FIRST(A) BUT (-1*(nos(A)>0)*nos(A)/TIMESTEP*(FRAC(TIME)=0)) WHEN A=FIRST(A) 

doc
ageing = transfer of numbers of copepods in each age class, incrementing each day (nos/m3/d)

aux
Cfix = Cfix_Diat+Cfix_flag

doc
Cfix = total algal production (mgC/m3/d)

aux
Cfix_Diat = Diat*L_muDia*(Diat>0)

doc
Cfix_Diat = diatom production (mgC/m3/d)

aux
Cfix_flag = Flag*L_muFlag*(Flag>0)

doc
Cfix_flag = flagellate production (mgC/m3/d)

aux
CInc = uZCas*uZC

doc
CInc = incorporation of C into uzooplankton, (mgC/m3/d)

aux
dCuse_1 = uZIgC*uZGPOC*uZC

doc
dCuse_1 = consumption of micro size detritus (mgC/m3/d)

aux
dNC_Diat = DiaNC*L_muDia*(DiaNC>NCo_Diat)

doc
dNC_Diat = 'dilution' of diatom N:C through C-fixation (N/C/d)

aux
dNC_Flag = Flag_NC*L_muFlag*(Flag_NC>NCo_Flag)

doc
dNC_Flag = 'dilution' of flagellate N:C through C-fixation (N/C/d)

aux
dNuse_1 = dCuse_1*udNC

doc
dNuse_1 = micro size detrital N use (mgN/m3/d)

aux
dSC = SC*L_muDia

doc
dSC = 'dilution' of diatom Si:C through C-fixation (Si/C/d)

dim
egg = (A = FIRST(AGE) .. LAST(AGE))

aux
egg = (INDEX(A)=FIRST(A))*(FRAC(TIME)=0)*(INT(ARRSUM(Zegg)/eggB))/TIMESTEP

doc
egg = growth of adults donates eggs to age class 1 (nos/m3/d)

dim
eggP = (AGE)

aux
eggP = (stageID>=4)*Zwt*netmZCu*nos

doc
eggP = for adults only (stageID 4) C-growth is allocated to egg production; this is assigned for each age class; production can/could vary with eating and AE of an aging adult (mgC/m3/d)

dim
eggResidue = (A = FIRST(AGE) .. LAST(AGE))

aux
eggResidue = (INDEX(A)=FIRST(A))*(FRAC(TIME)=0)*(FRAC(ARRSUM(Zegg)/eggB))/TIMESTEP

doc
eggResidue = parts of egg production that goes to waste because it is a fraction of an egg; (mgC/m3/d)

dim
grazEN = (AGE)

aux
grazEN = (stageID<3)*avgNosCull/sumEN*nos*(nos>0)

doc
grazEN = grazing by copepodites and adults on eggs and nauplii (nos/m3/d)

dim
gro = (A = FIRST(AGE) .. LAST(AGE))

aux
gro = (stageID<4)*netmZCu*Zwt

doc
gro = eggs to naupli dont grow (handled at Cas stage), while adults donate growth to eggs; other stages grow, so increasing their weight each day.  (mgC/d)

dim
IngPOC = (AGE)

aux
IngPOC = mZC*mZGPOC*mZIgC

doc
IngPOC = copepod ingestion of POCm (mgC/m3/d)

dim
IngPON = (AGE)

aux
IngPON = IngPOC*mdNC

doc
IngPON = onsumption of meso size PON (mgN/m3/d)

dim
laid = (A = FIRST(AGE) .. LAST(AGE))

aux
laid = (FRAC(TIME)=0)*Zegg/TIMESTEP

doc
laid = removal of C-biomass from ovaries to eggs laid in water; this occurs once a day (when frac(TIME)=0) (mgC/m3/d)

dim
mDINL = (AGE)

aux
mDINL = mDINr*mZC+(mZdeath+eggResidue)*mZNC

doc
mDINL = total DIN input from copepod (mgN/m3/d)

aux
mixdiat = Diat*totmix135

doc
mixdiat = loss of diatoms through mixing (mgC/m3/d)

aux
mixflag = Flag*totmix135

doc
mixflag = loss of flagellates through mixing (mgC/m3/d)

aux
mixNH4 = NH4*totmix135

doc
mixNH4 = total mixing in and out of NH4 (mgN/m3/d)

aux
mixNO3 = totmix135* initNO3-totmix135*NO3

doc
mixNO3 = mixing in and out of NO3 (mgN/m3/d)

aux
mixPOCm = POCm*totmix135

doc
mixPOCm = mixing out POCm (mgC/m3/d)

aux
mixPOCu = POCu*totmix135

doc
mixPOCu = mixing out POCu (mgC/m3/d)

aux
mixPONm = PONm*totmix135

doc
mixPONm = removal of meso sized PON (mgN/m3/d)

aux
mixPONu = PONu*totmix135

doc
mixPONu = mixing out PONu (mgN/m3/d)

aux
mixSi = Si*totmix135- initSi*totmix135

doc
mixSi = total mixing in and out of Si (mgSi/m3/d)

aux
mixuZC = uZC*totmix135

doc
mixuZC = mixing out uZC (mgC/m3/d)

dim
mZCresp = (AGE)

aux
mZCresp = tot_mZCresp*mZC

doc
mZCresp = resp loss from copepod  (mgC/m3/d)

dim
mZCuZCing = (AGE)

aux
mZCuZCing = mZC*mZGuZC*mZIgC

doc
mZCuZCing = predation by copepod on microZ (mgC/m3/d)

dim
mZdeath = (AGE)

aux
mZdeath = (nos>0)*Zwt*(oldD+stageD)

doc
mZdeath = accumulation of copepod corpse C (mgC/m3/d)

dim
mZIng_diat = (AGE)

aux
mZIng_diat = mZC*mZGDiaC*mZIgC*(mZC>0)*(mZGDiaC>0)*(mZIgC>0)

doc
mZIng_diat = consumption of diatoms by copepods (mgC/m3/d)

dim
mZIng_flag = (AGE)

aux
mZIng_flag = mZC*mZGflagC*mZIgC*(mZC>0)*(mZGflagC>0)*(mZIgC>0)

doc
mZIng_flag = consumption of flagellates by copepods (mgC/m3/d)

aux
NH4upDiat = Diat*NupDiat*(1-frat(1))*(NH4>0)

doc
NH4upDiat = diatom uptake of NH4 (mgN/m3/d)

aux
NH4upFlag = Flag*NupFlag*(1-frat(2))*(NH4>0)

doc
NH4upFlag = flagellate uptake of NH4 (mgN/m3/d)

aux
NO3updiat = Diat*NupDiat*frat(1)*(NO3>0)

doc
NO3updiat = diatom uptake of NO3 (mgN/m3/d)

aux
NO3upflag = Flag*NupFlag*frat(1)*(NO3>0)

doc
NO3upflag = flagellate uptake of NO3 (mgN/m3/d)

aux
NupDiat = Um_Diat*NCm_Diat*sumNs/(sumNs+NKu_Diat)*(1-DiaNC/NCabs_Diat)^Qh/((1-DiaNC/NCabs_Diat)^Qh+Kxi)*(sumNs>0)

doc
NupDiat = diatom N uptake (N/C/d)

aux
NupFlag = Um_Flag*NCm_Flag*sumNs/(sumNs+NKu_Flag)*(1-Flag_NC/NCabs_Flag)^Qh/((1-Flag_NC/NCabs_Flag)^Qh+Kxi)*(sumNs>0)

doc
NupFlag = flagellate N uptake (N/C/d)

dim
oldD = (A = FIRST(AGE) .. LAST(AGE))

aux
oldD = ((INDEX(A)=LAST(A)) OR (INDEX(A)>=max_age))*(FRAC(TIME)=0)*(nos(A)>0)*nos/TIMESTEP

doc
oldD = death of final copepod stage with old age;  (nos/m3/d)

dim
POCLm = (AGE)

aux
POCLm = POCt*mZC

doc
POCLm = rate of removal of excess carbon to maintain copepod X:C 

constant, (mgC/m3/d)

aux
POCLu = POCt_1*uZC

doc
POCLu = rate of removal of excess carbon to maintain uzooplankton X:C 

constant (mgC/m3/d)

dim
PONLm = (AGE)

aux
PONLm = mPONt*mZC

doc
PONLm = loss of N as PONm (mgN/m3/d)

aux
PONLu = uPONt*uZC

doc
PONLu = loss of N as PONu (mgN/m3/d)

aux
Rate_15 = sumZ

doc
Rate_15 = intermediate in calc of mZnosmu

aux
Rate_16 = sumtZC

doc
Rate_16 = intermediate in calc of mZCu

aux
Rate_17 = DELAYPPL(Rate_15,2,0)

doc
Rate_17 = intermediate in calc of mZnosmu

aux
Rate_18 = DELAYPPL(Rate_16,2,0)

doc
Rate_18 = intermediate in calc of mZCu

dim
S1in = (A = FIRST(AGE) .. LAST(AGE))

aux
S1in = (INDEX(A)=FIRST(A))*(ARRSUM(Zegg)>eggB)*eggB/TIMESTEP*(FRAC(TIME)=0)

doc
S1in = if adults are present and start of day, then seed the first age group with an egg biomass (mgC/d)

dim
S1t = (A = FIRST(AGE) .. LAST(AGE))

aux
S1t = ((INDEX(A)=LAST(A)) OR (INDEX(A)>=max_age))*(FRAC(TIME)=0)*((Zwt(A)>0)*Zwt/TIMESTEP)

doc
S1t = If the maximum array is reach, or the maximum age is reached, then empty age class (mgC/d)

aux
sediment = Diat*Dia_death

doc
sediment = sedimentation loss rate of diatoms (mgC/m3/d)

aux
Siuse = Diat*upS

doc
Siuse = Si consumption (Si/m3/d)

dim
stageD = (A = FIRST(AGE) .. LAST(AGE))

aux
stageD = (nos(A)>0)*nos(A)*((stageID(A)>=3)*CA_Death+(stageID(A)<=2)*N_Death+EN_death+(netmZCu<0)*(stageID(A)>1))

doc
stageD = death at each stage (nos/m3/d) ... would normally be mortality related; if Stage is less than , then that cohort has died - set nos at 0 for that cohort

aux
uDINL = uDINr*uZC

doc
uDINL = DIN release by uzooplankton (mgN/m3/d)

aux
upS = (Si>0)*(SC<SCabs-0.01)*(Um_Diat*SCm*(((SCu>NSCuDia)+(SCu=NSCuDia=1))*((L_muDia>0)*L_muDia/Um_Diat)^betaSi+(SCu=NSCuDia)*(SCu<1))*Si/(Si+SKu)*(1-SC/SCabs)^Qh/((1-SC/SCabs)^Qh+Kxi))

doc
upS = diatom uptake of Si (Si/C/d)

aux
uZCresp = uZCR*uZC

doc
uZCresp = resp loss from uzooplankton (mgC/m3/d)

aux
uZCuZCing = uZC*uZIgC*uZGuZC

doc
uZCuZCing = predation by uzooplankton on uzooplankton (mgC/m3/d)

aux
uZing_diat = uZC*uZIgC*uZGdiaC*(uZC>0)*(uZGdiaC>0)*(uZIgC>0)

doc
uZing_diat = consumption of diatoms by uzooplankton (mgC/m3/d)

aux
uZIng_flag = uZC*uZIgC*uZGflagC

doc
uZIng_flag = consumption of flagellates by uzooplankton (mgC/m3/d)

dim
Zwt_ageing = (A = FIRST(AGE) .. LAST(AGE))

aux
Zwt_ageing = (INDEX(A)<=max_age)*((Zwt(A-1)>0)*(Zwt(A-1))/TIMESTEP*(FRAC(TIME)=0)-1*(INDEX(A)<LAST(A))*(INDEX(A)<max_age)*Zwt(A)/TIMESTEP*(FRAC(TIME)=0)) WHEN A>FIRST(A) BUT (-1*(Zwt(A)>0)*Zwt(A)/TIMESTEP*(FRAC(TIME)=0)) WHEN A=FIRST(A) 

doc
Zwt_ageing = transfer between age classes each day, until the maximum age is reached mgC

NON-FLOW AUXILIARIES

dim
adults = (A = FIRST(AGE) .. LAST(AGE))

aux
adults = nos*(Zwt>=adultB)*(nos>0)

doc
adults = number of adults (nos/m3)

dim
AEC = (AGE)

aux
AEC = (mZIgC-POCt)/mZIgC

doc
AEC = copepod AE-C

dim
AECmZC = (AGE)

aux
AECmZC = AEC*mZC

doc
AECmZC = assimilation into copepod (mgC/m3)

dim
AEN = (AGE)

aux
AEN = (mZIgC*mZGTot_NC-mPONt)/(mZIgC*mZGTot_NC)

doc
AEN = copepod AE-N

dim
AENmZC = (AGE)

aux
AENmZC = AEN*mZC

doc
AENmZC = N-based assimilation into copepods 

aux
attenuation = mix_depth135*(water_atten+PN*P_atten)

doc
attenuation = attenuation of light by water and by phytoplankton (dl)

dim
AV = (pop)

aux
AV = AVP/(AVP+NVP)

doc
AV = intermediate in ammonium uptake rate

aux
avgAEC = ARRMAX(AEC)

doc
avgAEC = population average AEC

aux
avgAEN = ARRMAX(AEN)

doc
avgAEN = population average AEN

aux
avgGGEC = ARRMAX(GGEC)

doc
avgGGEC = population average GGEC

aux
avgGGEN = ARRMAX(GGEN)

doc
avgGGEN = population average GGEN

aux
avgnetmZCu = ARRMAX(netmZCu)

doc
avgnetmZCu = population average net copepod growth rate (d-1)

aux
avgNosCull = tENgraz/(avgSZEN+1e-6)

doc
avgNosCull = average no to cull; to be distributed amonst eggs and naupli (nos/m3)

aux
avgProp = ARRSUM(GdiatProp)/(ARRSUM(mZC))

doc
avgProp = average proportion of copepod diet made up of diatoms

aux
avgSZadult = sumBadult/sumAdult

doc
avgSZadult = average adult copepod size (mgC)

aux
avgSZcope = sumBcope/sumCopepodite

doc
avgSZcope = average copepodite size (mgC)

aux
avgSZegg = sumBegg/sumEgg

doc
avgSZegg = average egg size (mgC)

aux
avgSZEN = BEN/sumEN

doc
avgSZEN = average size of eggs & naupli (mgC)

aux
avgSZnaup = sumBnaup/sumNaupli

doc
avgSZnaup = average nauplii size (mgC)

dim
AVP = (pop)

aux
AVP = (NH4>0)*Apref*NH4/(NH4+AKt)+1e-6

doc
AVP = intermediate in ammonium uptake rate

dim
BAdult = (A = FIRST(AGE) .. LAST(AGE))

aux
BAdult = nos*Zwt*(Zwt>=adultB)*(nos>0)

doc
BAdult = biomass of adults (mgC/m3)

dim
Bcope = (A = FIRST(AGE) .. LAST(AGE))

aux
Bcope = nos*Zwt*(Zwt<adultB)*(Zwt>=copeB)*(nos>0)

doc
Bcope = biomass of copepodites (mgC/m3)

dim
Begg = (A = FIRST(AGE) .. LAST(AGE))

aux
Begg = (INDEX(A)<=feed_1st)*Zwt*nos*(nos>0)

doc
Begg = biomass of eggs (mgC/m3)

aux
BEN = sumBegg+sumBnaup

doc
BEN = egg & non-feeding naupli biomass (mgC/m3)

dim
Bnaup = (A = FIRST(AGE) .. LAST(AGE))

aux
Bnaup = (INDEX(A)>feed_1st)*(Zwt<copeB)*Zwt*nos*(nos>0)

doc
Bnaup = biomass of nauplii (mgC/m3)

aux
CA = sumBadult+sumBcope

doc
CA = adult+copepodite biomass (mgC/m3)

dim
copepodites = (A = FIRST(AGE) .. LAST(AGE))

aux
copepodites = nos*(Zwt<adultB)*(Zwt>=copeB)*(nos>0)

doc
copepodites = number of copepodites (nos/m3)

aux
Dia_death = (Pd_con=2)*(mu1*(1+k5^PdH)*(NCu1^PdH)/(NCu1^PdH+k5^PdH))

doc
Dia_death = loss of diatoms due to death (natural mortality AND N-respiration) (mgC/m3/d)

aux
diatmZGP = mZdiatG/Diat

doc
diatmZGP = copepod induced loss of diatoms (d-1)

aux
DiatN = Diat*DiaNC*(Diat>0)

doc
DiatN = diatom N (mgN/m3)

aux
diatuZGP = uZing_diat/Diat

doc
diatuZGP = uzooplankton induced loss of diatoms (d-1)

aux
egg_per_adult = egg(1)*TIMESTEP/sumAdult

doc
egg_per_adult = egg production per adult (nos/d)

dim
eggs = (A = FIRST(AGE) .. LAST(AGE))

aux
eggs = (INDEX(A)<=feed_1st)*nos*(nos>0)

doc
eggs = eggs ineach age stage; eggs take 2 days to hatch (nos/m3)

dim
EN_death = (A = FIRST(AGE) .. LAST(AGE))

aux
EN_death = (stageID(A)=1)*maxENdeath*(1+ENdk^ENdH)*(avgProp^ENdH)/(avgProp^ENdH+ENdk^ENdH)

doc
EN_death = egg+nauplii death rate (nos/m3/d)

dim
ENgraz = (AGE)

aux
ENgraz = nos*Zwt*mZGmZC

doc
ENgraz = for each age class, the consumption of eggs and naupli (mgC/m3/d)

aux
exat = EXP(-attenuation)

doc
exat = -ve exponent of attenuation

aux
FlagG = ARRSUM(mZIng_flag)

doc
FlagG = total consumption of flagellates by copepods (mgC/m3/d)

aux
FlagmZGP = FlagG/Flag

doc
FlagmZGP = copepod induced loss of flagellates  (d-1)

aux
FlagN = Flag*Flag_NC*(Flag>0)

doc
FlagN = flagellateN-biomass (mgN/m3)

aux
FlaguZGP = uZIng_flag/Flag

doc
FlaguZGP = uzooplankton induced loss of flagellates  (d-1)

dim
frat = (pop)

aux
frat = NV/(NV+AV)

doc
frat = f-ratio

dim
GdiatProp = (AGE)

aux
GdiatProp = mZC*mGDiat/mZIm

doc
GdiatProp = average proportion of adult copepod diet made up of diatoms

dim
GGEC = (AGE)

aux
GGEC = (mZIgC-mZCR-mBRi-POCt)/mZIgC

doc
GGEC = copepod GGE-C

dim
GGEN = (AGE)

aux
GGEN = (((mZIgC*mZGTot_NC)-mPONt-mDINr)/(mZIgC*mZGTot_NC))

doc
GGEN = GGE of copepod N

dim
initNos = (AGE)

aux
initNos = (PopSwitch=0)*[2500,0,0,0,600,0,0,0,300,0,0,0,0,0,0,118,0,0,0,0,0,0,0,0,0,0,0,0,0,0]+(PopSwitch=1)*[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,200,0,0,0,0,0,0,0,0,0,0,0,0]+(PopSwitch=2)*[0,0,0,0,10000,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

doc
 initNos =  initial copepod population structure (nos within each age class)

dim
initZwt = (A = FIRST(AGE) .. LAST(AGE))

aux
initZwt = (initNos(A)>0)*((INDEX(A)<=feed_1st)*eggB+(INDEX(A)>feed_1st)*(INDEX(A)<=NC_age)*naupB+(INDEX(A)>NC_age)*(INDEX(A)<=CA_age)*copeB+(INDEX(A)>CA_age)*adultB)

doc
initZwt = loads  initial weights into age bins as a function of the 

 initial numbers

aux
Io = 2*PAR*sunset135

doc
Io = effective light available at sea surface

aux
L_muDia = PmaxDia*(LN(YtDia+SQRT(1+YtDia^2))-LN(YtDia*exat+SQRT(1+(YtDia*exat)^2)))/attenuation

doc
L_muDia = diatom growth rate as a function of available light; integrated over the mixed depth (d-1)

aux
L_muFlag = PmaxFlag*(LN(YtFlag+SQRT(1+YtFlag^2))-LN(YtFlag*exat+SQRT(1+(YtFlag*exat)^2)))/attenuation

doc
L_muFlag = flagellate growth rate as a function of available light; integrated over the mixed depth (d-1)

aux
logAdult = LOG(sumAdult+1)

doc
logAdult = log adult copepod nos

aux
logBadult = LOG(sumBadult+1)

doc
logBadult = log adult copepod biomass

aux
logBcope = LOG(sumBcope+1)

doc
logBcope = log copepodite biomass

aux
logBegg = LOG(sumBegg+1)

doc
logBegg = log egg biomass

aux
logBnaup = LOG(sumBnaup+1)

doc
logBnaup = log nauplii nos

aux
logCope = LOG(sumCopepodite+1)

doc
logCope = log copepodite nos

aux
logEgg = LOG(sumEgg+1)

doc
logEgg = log egg nos

aux
logNaup = LOG(sumNaupli+1)

doc
logNaup = log nauplii nos

dim
logNos = (AGE)

aux
logNos = LOG(nos)

doc
logNos = log numbers ineach age class

dim
mBRb = (AGE)

aux
mBRb = BRm-mBRi

doc
mBRb = basal resp from copepod body, this occurs when XSC cannot support BR; (gC/gC/d)

dim
mBRi = (AGE)

aux
mBRi = (BRm<=mXSC)*BRm+(BRm>mXSC)*mXSC

doc
mBRi = copepod respiration from excess ingested C (C/C/d)

dim
mDINr = (AGE)

aux
mDINr = (mZCR*mZNC)+(mPONtr-mPONt)

doc
mDINr = regeneration rate of nitrogen by copepod in dissolved inorganic form (ammonium), (gN/gC/d)

aux
mdNC = PONm/POCm

doc
mdNC = meso-size detrital N:C

dim
mGDiat = (AGE)

aux
mGDiat = mZGDiaC*mZIgC

doc
mGDiat = grazing on diatoms (gC/gC/d)

dim
mPONt = (AGE)

aux
mPONt = (((mPONtr/POCt)>maxNC)*POCt*maxNC)+(((mPONtr/POCt)<=maxNC)*mPONtr)

doc
mPONt = rate of removal of excess nitrogen to maintain the predator N:C 

constant  (gN/gC/d)

dim
mPONtr = (AGE)

aux
mPONtr = mZIgC*mZGTot_NC-mZCas*mZNC

doc
mPONtr = amount of N 

 initially in the organic form to be voided to maintain 

constant predator N:C; (gN/gC/d)

dim
mXSC = (AGE)

aux
mXSC = mZAE*mZIgC*(1-mZMINup)

doc
mXSC = C available for digestion but not used for protoplasmic purposes by copepod, (C/C/d)

dim
mZAE = (AGE)

aux
mZAE = mAEmin+(mAEmax-mAEmin)*(((mZGTot_NC/SNCm)/((mZGTot_NC/SNCm)+mZKec))*(1+mZKec))

doc
mZAE = efficiency parameter for copepod assimilation/digestion, RH function linked to prey quality giving a value between 0 & 1 (i.e. quotient). ; (dl)

dim
mZC = (AGE)

aux
mZC = Zwt*nos

doc
mZC = biomass in each copepod age cohort (mgC/m3)

dim
mZCas = (A = FIRST(AGE) .. LAST(AGE))

aux
mZCas = (stageID>1)*mZAE*mZIgC*mZMINup

doc
mZCas = assimilation of carbon by copepod (C/C/d)

aux
mZCpDia = CrDiatm*(Diat-Tdia)*(Diat>Tdia)

doc
mZCpDia = potential copepod grazing rate on diatoms (C/C/d)

aux
mZCpflag = Crflagm*mZQcon_flag*(Flag-Tf)*(Flag>Tf)

doc
mZCpflag = potential copepod grazing rate on flagellate (C/C/d)

dim
mZCpmZC = (AGE)

aux
mZCpmZC = BEN*CrEN*(stageID>2)

doc
mZCpmZC = potential copepod grazing rate on eggs and nauplii .... this is only available for copepodites and adults (C/C/d)

aux
mZCpPOC = POCm*CrPOMmZ

doc
mZCpPOC = potential copepod grazing rate on meso detritus (C/C/d)

aux
mZCpuZC = CruZm*(uZC-TuZ)*(uZC>TuZ)

doc
mZCpuZC = potential copepod grazing rate on uzooplankton (C/C/d)

dim
mZCR = (AGE)

aux
mZCR = mBRb+mZCas*MRm

doc
mZCR = structural respiration rate of CO2 by copepod (gC/gC/d)

aux
mZCt = ARRSUM(mZC)

doc
mZCt = total copepod biomass (mgC/m3)

aux
mZCu = (LN(Rate_16+1e-6)-LN(Rate_18+1e-10))/2

doc
mZCu = C-based copepod growth rate (d-1)

aux
mZdiatG = ARRSUM(mZIng_diat)

doc
mZdiatG = total consumption of diatoms by copepods (mgC/m3/d)

dim
mZGC = (AGE)

aux
mZGC = mZGDiaC+mZGflagC+mZGuZC+mZGmZC+mZGPOC

doc
mZGC = total grazing in terms of C for copepod (check sum = 1)

dim
mZGDiaC = (AGE)

aux
mZGDiaC = mZCpDia/mZsumCp

doc
mZGDiaC = proportion of grazing by copepod on diatom

dim
mZGDiatN = (AGE)

aux
mZGDiatN = mZGDiaC*DiaNC

doc
mZGDiatN = N proportion of copepod grazing on diatoms

dim
mZGflagC = (AGE)

aux
mZGflagC = mZCpflag/mZsumCp

doc
mZGflagC = proportion of grazing by copepod on flagellates

dim
mZGflagN = (AGE)

aux
mZGflagN = mZGflagC*Flag_NC

doc
mZGflagN = N proportion of copepod grazing on flagellates

dim
mZGmZC = (AGE)

aux
mZGmZC = mZCpmZC/mZsumCp

doc
mZGmZC = proportion of grazing by copepod on eggs early nauplii

dim
mZGmZN = (AGE)

aux
mZGmZN = mZGmZC*mZNC

doc
mZGmZN = N proportion of copepod grazing on egg and nauplii

dim
mZGN = (AGE)

aux
mZGN = mZGDiatN+mZGflagN+mZGuZN+mZGmZN+mZGPON

doc
mZGN = total copepod grazing in terms of N (proportion of C grazing)

dim
mZGPOC = (AGE)

aux
mZGPOC = mZCpPOC/mZsumCp

doc
mZGPOC = proportion of grazing by copepod on mPOC

dim
mZGPON = (AGE)

aux
mZGPON = mZGPOC*mdNC

doc
mZGPON = N proportion of copepod grazing on mPOC

dim
mZGTot_NC = (AGE)

aux
mZGTot_NC = mZGN/mZGC

doc
mZGTot_NC = total grazing ingested N:C

dim
mZGuZC = (AGE)

aux
mZGuZC = mZCpuZC/mZsumCp

doc
mZGuZC = proportion of grazing by copepod on uzooplankton

dim
mZGuZN = (AGE)

aux
mZGuZN = mZGuZC*mZNC

doc
mZGuZN = N proportion of copepod grazing on uzooplankton

dim
mZIgC = (AGE)

aux
mZIgC = MIN(mZIP,(mZCpflag+mZCpuZC+mZCpDia+mZCpmZC+mZCpPOC))*(stageID>1)+1e-6

doc
mZIgC = actual copepod C ingestion rate, split between prey item types (gC/gC/d)

dim
mZIm = (AGE)

aux
mZIm = (mZum*(1+MRm)+BRm)/((mZAE))

doc
mZIm = Max rate of copepod ingestion, as required to support the max growth rate and associated loss processes. (C/C/d)

dim
mZIP = (AGE)

aux
mZIP = mZIm*(mZCpflag+mZCpuZC+mZCpDia+mZCpmZC+mZCpPOC)/(mZCpflag+mZCpDia+mZCpuZC+mZCpmZC+mZCpPOC+KIP)*(stageID>1)+1e-6

doc
mZIP = copepod potential ingestion (C/C/d)

dim
mZMINup = (AGE)

aux
mZMINup = MIN(mZRelUN,1)

doc
mZMINup = minimal threshold control to select the release of nitrogen for differences in the values of N:C between food and predator (dl)

aux
mZN = ARRSUM(mZC)*mZNC

doc
mZN = total N biomass as copepods (mgN/m3)

aux
mZnosmu = (LN(Rate_15)-LN(Rate_17))/2

doc
mZnosmu = number-based copepod growth rate (d-1)

aux
mZQcon_flag = (1+QKcon^Qhcon)*(mZrelNC^Qhcon)/((mZrelNC^Qhcon)+QKcon^Qhcon)

doc
mZQcon_flag = Quality control link for flagellate consumption by copepod. To turn this off, make QKcon VERY small

aux
mZrelNC = (Flag_NC-NCo_Flag)/(NCm_Flag-NCo_Flag)

doc
mZrelNC = relative stoichiometric value of flagellate to copepod

dim
mZRelUN = (AGE)

aux
mZRelUN = mZGTot_NC/mZNC

doc
mZRelUN = relative prey N:C to copepod N:C, dl

dim
mZsumCp = (AGE)

aux
mZsumCp = mZCpDia+mZCpflag+mZCpuZC+mZCpmZC+mZCpPOC

doc
mZsumCp = sum of potential copepod grazing rates (C/C/d)

dim
nauplii = (A = FIRST(AGE) .. LAST(AGE))

aux
nauplii = (INDEX(A)>feed_1st)*nos*(Zwt<copeB)*(nos>0)

doc
nauplii = nauplii nos/m3

aux
NCu_Diat = (DiaNC>NCo_Diat)*(DiaNC<NCm_Diat)*(1+KQN_Diat)*(DiaNC-NCo_Diat)/((DiaNC-NCo_Diat)+KQN_Diat*(NCm_Diat-NCo_Diat))+(DiaNC>=NCm_Diat)

doc
NCu_Diat = diatom N-staus (dl)

aux
NCu_Flag = (Flag_NC>NCo_Flag)*(Flag_NC<NCm_Flag)*(1+KQN_Flag)*(Flag_NC-NCo_Flag)/((Flag_NC-NCo_Flag)+KQN_Flag*(NCm_Flag-NCo_Flag))+(Flag_NC>=NCm_Flag)

doc
NCu_Flag = flagellate N-status (dl)

aux
NCu1 = 1-((NSCuDia>0)*(NSCuDia<1)*NSCuDia+(NSCuDia>=1)*0.9999+(NSCuDia<=0)*0)

doc
NCu1 = intermediate term in diatom death (with maths traps)

dim
netmZCu = (AGE)

aux
netmZCu = (mZCas-mZCR)

doc
netmZCu = net growth rate of copepod (d-1)

dim
NGEC = (AGE)

aux
NGEC = (mZIgC-POCt-mZCR-mBRi)/(mZIgC-POCt)

doc
NGEC = NGE for copepod C

dim
NGEN = (AGE)

aux
NGEN = (mZIgC*mZGTot_NC-mPONt-mDINr)/(mZIgC*mZGTot_NC-mPONt)

doc
NGEN = NGE for copepod N

aux
NSCuDia = MIN(1,NCu_Diat,SCu)

doc
NSCuDia = nutrient status of diatom (dl)

dim
NV = (pop)

aux
NV = NVP/(AVP+NVP)

doc
NV = intermediate in nitrate uptake rate

dim
NVP = (pop)

aux
NVP = (NO3>0)*(Npref*NO3/(NO3+NKt)+N2pref*NO3/(NO3+N2Kt))+1e-6

doc
NVP = intermediate in ammonium uptake rate

aux
PAR = sunlt135*(1-0.7*cloudiness)*.75*.5

doc
PAR = PAR 

aux
PmaxDia = Dia_Um*NSCuDia+1e-6

doc
PmaxDia = maximum rate of diatom photosynthesis (d-1)

aux
PmaxFlag = Flag_Um*NCu_Flag+1e-6

doc
PmaxFlag = maximum rate of flagellate photosynthesis (d-1)

aux
PN = (DiatN+FlagN)/14

doc
PN = phytoplankton N-biomass (mgN/m3 /14 => mmole/m3)

dim
POCt = (AGE)

aux
POCt = mZIgC-mZCas-mBRi

doc
POCt = loss of C from copepod activity as POC (gC/gC/d)

aux
POCt_1 = uZIgC-uZCas-uBRi

doc
POCt_1 = loss of C from uzooplankton activity as POC (gC/gC/d)

aux
SCu = (SC>SCo)*((VSi>=Um_Diat*SCo)+VSi/(Um_Diat*SCo)*(VSi<Um_Diat*SCo))

doc
SCu = Si-status of diatom (dl)

dim
stageID = (A = FIRST(AGE) .. LAST(AGE))

aux
stageID = (nos>=1)*((INDEX(A)<feed_1st)*1+(INDEX(A)>=feed_1st)*(Zwt<copeB)*2+(Zwt<adultB)*(Zwt>=copeB)*3+(Zwt>=adultB)*4)

doc
stageID = copepod stage identity; use this to control growth rates, nutritional requirements, death rates and toxin sensitivity; 1=egg and non-feeding N; 2=naupli; 3=copepodite; 4=adult

aux
sumAdult = ARRSUM(adults)+1e-6

doc
sumAdult = sum of adult copepods (nos/m3)

aux
sumBadult = ARRSUM(BAdult)

doc
sumBadult = sum of adult copepod biomass (mgC/m3)

aux
sumBcope = ARRSUM(Bcope)

doc
sumBcope = sum of copepodite biomass (mgC/m3)

aux
sumBegg = ARRSUM(Begg)

doc
sumBegg = sum of egg biomass (mgC/m3)

aux
sumBnaup = ARRSUM(Bnaup)

doc
sumBnaup = sum of nauplii biomass (mgC/m3)

aux
sumCopepodite = ARRSUM(copepodites)+1e-6

doc
sumCopepodite = sum of copepodite (nos/m3)

aux
sumEgg = ARRSUM(eggs)+1e-6

doc
sumEgg = sum of eggs (nos/m3)

aux
sumEN = sumEgg+sumNaupli

doc
sumEN = total eggs + naupli (nos/m3)

aux
sumNaupli = ARRSUM(nauplii)+1e-6

doc
sumNaupli = sum of nauplii (nos/m3)

aux
sumNs = NH4*(NH4>0)+NO3*(NO3>0)+1e-6

doc
sumNs = total DIN concentration (mgN/m3)

aux
sumtZC = ARRSUM(totZC)+sumZegg

doc
sumtZC = total copepod biomass, eggs plus all other stages, (mgC/m3)

aux
sumZ = ARRSUM(nos)

doc
sumZ = sum of copepod (all stages) (nos/m3)

aux
sumZegg = ARRSUM(Zegg)

doc
sumZegg = total of todays C laid aside for egg production (mgC/m3)

aux
system_C = DIC+Diat+Flag+ARRSUM(mZC)+POCm+corpseC+sumZegg+uZC+POCu

doc
system_C = system C (mgC/m3)

aux
system_N = FlagN+DiatN+NH4+PONm+sumZegg*mZNC+uZN+mZN+PONu+NO3

doc
system_N = system N; assumes corpseN goes to NH4 (mgN/m3)

aux
tENgraz = ARRSUM(ENgraz)

doc
tENgraz = total EN grazing rate; cull rate on EN (mgC/m3/d)

dim
tot_mZCresp = (AGE)

aux
tot_mZCresp = mZCR+mBRi

doc
tot_mZCresp = total copepod respiration (C/C/d)

aux
tot_uZCresp = uZCR+uBRi

doc
tot_uZCresp = total uzooplankton respiration (C/C/d)

dim
totZC = (AGE)

aux
totZC = (nos*Zwt)

doc
totZC = total copepod biomass (mgC/m3)

aux
uBRb = BRu-uBRi

doc
uBRb = basal resp from uzooplankton body, this occurs when XSC cannot support BR; (gC/gC/d)

aux
uBRi = (BRu<=uXSC)*BRu+(BRu>uXSC)*uXSC

doc
uBRi = uzooplankton respiration from excess ingested C (C/C/d)

aux
uDINr = (uZCR*mZNC)+(uPONtr-uPONt)

doc
uDINr = uzooplankton DIN regeneration (N/C/d)

aux
udNC = PONu/POCu

doc
udNC = micro-size detrital N:C

aux
Um_Diat = Dia_Um

doc
Um_Diat = diatom growth rate (d-1)

aux
Um_Flag = Flag_Um

doc
Um_Flag = flagellate growth rate (d-1)

aux
uPONt = (((uPONtr/POCt_1)>maxNC)*POCt_1*maxNC)+(((uPONtr/POCt_1)<=maxNC)*uPONtr)

doc
uPONt = rate of removal of excess nitrogen to maintain uzooplankton N:C 

constant, (gN/gC/d)

aux
uPONtr = uZIgC*uZGTot_NC-uZCas*uZNC

doc
uPONtr = amount of N initially in the organic form to be voided by uzooplankton to maintain 

constant predator N:C (gN/gC/d)

aux
uXSC = uZAE*uZIgC*(1-uZMINup)

doc
uXSC = C available for uzooplankton digestion but not used for protoplasmic purposes, (gC/gC/d)

aux
uZAE = AEumin+(AEumax-AEumin)*(((uZGTot_NC/uZSNCm)/((uZGTot_NC/uZSNCm)+uZKec))*(1+uZKec))

doc
uZAE = efficiency parameter for assimilation/digestion in to uzooplankton, RH function linked to prey quality giving a value between 0 & 1 (i.e. quotient). AEmax can never reach 1 (dl)

aux
uZCas = uZAE*uZIgC*uZMINup

doc
uZCas = assimilation of carbon by uzooplankton (gc/gc/d)

aux
uZCpDia = CrdiauZ*Diat

doc
uZCpDia = potential uzooplankton grazing rate on diatoms (C/C/d)

aux
uZCpflag = CrflaguZ*uZQcon_flag*Flag

doc
uZCpflag = potential uzooplankton grazing rate on flagellates (C/C/d)

aux
uZCpPOC = POCu*CrPOMuZ

doc
uZCpPOC = potential uzooplankton grazing rate on u-detritus (C/C/d)

aux
uZCpuZ = CruZuZ*uZC

doc
uZCpuZ = potential uzooplankton grazing rate on uzooplankton (C/C/d)

aux
uZCR = uBRb+uZCas*MRu

doc
uZCR = structural respiration rate of CO2 by uzooplankton (gC/gC/d)

aux
uZCu = (CInc-uZCresp)/uZC

doc
uZCu = net growth rate of uzooplankton (d-1)

aux
uZGC = uZGdiaC+uZGflagC+uZGuZC+uZGPOC

doc
uZGC = total grazing in terms of C for uzooplankton (check sum = 1)

aux
uZGdiaC = uZCpDia/uZsumCp

doc
uZGdiaC = proportion of grazing by uzooplankton on diatom

aux
uZGdiatN = uZGdiaC*DiaNC

doc
uZGdiatN = N proportion of uzooplankton grazing on diatoms

aux
uZGflagC = uZCpflag/uZsumCp

doc
uZGflagC = proportion of grazing by uzooplankton on flagellate

aux
uZGflagN = uZGflagC*Flag_NC

doc
uZGflagN = N proportion of uzooplankton grazing on flagellate

aux
uZGN = uZGdiatN+uZGflagN+uZGuZN+uZGPON

doc
uZGN = total uzooplankton grazing in terms of N (proportion of C grazing)

aux
uZGPOC = uZCpPOC/uZsumCp

doc
uZGPOC = proportion of grazing by uzooplankton on udetritus

aux
uZGPON = uZGPOC*udNC

doc
uZGPON = N proportion of uzooplankton grazing on udetritus

aux
uZGTot_NC = uZGN/uZGC

doc
uZGTot_NC = NC of ingested food for uzooplankton (gN/gC)

aux
uZGuZC = uZCpuZ/uZsumCp

doc
uZGuZC = proportion of grazing by uzooplankton on uzooplankton

aux
uZGuZN = uZGuZC*uZNC

doc
uZGuZN = N proportion of uzooplankton grazing on uzooplankton

aux
uZIgC = MIN(uZIP,(uZCpflag+uZCpuZ+uZCpDia+uZCpPOC))

doc
uZIgC = actual C ingestion rate for uzooplankton, split between prey item types (gC/gC/d)

aux
uZIm = (uZum*(1+MRu)+BRu)/uZAE

doc
uZIm = maximum ingestion rate for uzooplankton (C/C/d)

aux
uZIP = uZIm*(uZCpflag+uZCpuZ+uZCpDia+uZCpPOC)/(uZCpflag+uZCpDia+uZCpuZ+uZCpPOC+KIP_1)

doc
uZIP = potential zooplankton ingetsion rates (gC/gC/d)

aux
uZMINup = MIN(uZRelUN,1)

doc
uZMINup = minimal threshold control to select the release of nitrogen and/or phosphorus for differences in the values of SXC and ZXC, ratio, dl

aux
uZN = uZC*mZNC

doc
uZN = uzooplankton growth rate as N/C/d

aux
uZNu = uZCu*uZNC

doc
uZNu = uzooplankton growth as N/C/d

aux
uZQcon_flag = (1+QKcon^Qhcon)*(uZrelNC^Qhcon)/((uZrelNC^Qhcon)+QKcon^Qhcon)

doc
uZQcon_flag = Quality control link for flagellate consumption by uzooplankton. To turn this off, make QKcon VERY small

aux
uZrelNC = (Flag_NC-NCo_Flag)/(NCm_Flag-NCo_Flag)

doc
uZrelNC = relative stoichiometric value of flagellate to uzooplankton

aux
uZRelUN = uZGTot_NC/uZNC

doc
uZRelUN = relative prey N:C to uzooplankton N:C, dl

aux
uZsumCp = uZCpDia+uZCpflag+uZCpuZ+uZCpPOC

doc
uZsumCp = sum of potential capture rates for uzooplankton (C/C/d)

aux
VSi = (Si>0)*Um_Diat*SCm*Si/(Si+SKu)

doc
VSi = Si uptake by diatom (Si/C/d)

aux
YtDia = Io*DiaAlpha/PmaxDia

doc
YtDia = diatom intermiediate growth term

aux
YtFlag = Io*FlagAlpha/PmaxFlag

doc
YtFlag = flagellate intermediate growth term

CONSTANTS

const
adultB = 0.05

doc
adultB = weight of copepod adult (mgC)

const
AEumax = 0.8

doc
AEumax = maximum value of AE for uzooplankton; this cannot attain 1 (dl)

const
AEumin = 0.4

doc
AEumin = minimum AE for uzooplankton when confronted with excess ingestion (dl)

dim
AKt = (pop)

const
AKt = 1*14

doc
AKt = half satuartion for NH4 transport (mgN/m3)

dim
Apref = (pop)

const
Apref = 20

doc
Apref = relative rate of NH4 transport (Cf Npref) 

const
betaSi = 0.4

doc
betaSi = control constant for Si cotrol of diatom growth (dl)

const
BRm = 0.035

doc
BRm = copepod basal respiration rate (gC/gC/d)

const
BRu = 0.035

doc
BRu = uzooplankton basal respiration rate (gC/gC/d)

const
CA_age = 15

doc
CA_age = minimum age for copepodite to adult (d)

const
CA_Death = 0.05

doc
CA_Death = intrinsic death rate for adult copepods (from RP Harris) (d-1)

const
cloudiness = 0.882

doc
cloudiness = average cloudiness - site specific parameter (fraction per daylight period) e.g. 75% for N.Atlantic, falling towards equator through 50%. inc. cloud and atmosphere effects

const
copeB = 0.01

doc
copeB = minimum weight for copepodite (mgC)

const
Cr2o = 0.001

doc
Cr2o = minimum uzooplankton grazing rate on flagellates if flagellates are non-noxious and others available (C/C/d)/(C/L)

const
CrDiatm = 0.005

doc
CrDiatm = copepod grazing rate on diatoms (C/C/d)/(C/L)

const
CrdiauZ = 0.005

doc
CrdiauZ = uzooplankton grazing rate on diatoms (C/C/d)/(C/L)

const
CrEN = 0.0005

doc
CrEN = copepod grazing rate on eggs and naupli (C/C/d)/(C/L)

const
Crflagm = 0.005

doc
Crflagm = copepod grazing rate on flagallates (C/C/d)/(C/L)

const
CrflaguZ = 0.01

doc
CrflaguZ = uzooplankton grazing rate on flagallates (C/C/d)/(C/L)

const
CrPOMmZ = 0.005

doc
CrPOMmZ = copepod grazing rate on detritus (C/C/d)/(C/L)

const
CrPOMuZ = 0.00015

doc
CrPOMuZ = uzooplankton grazing rate on detritus (C/C/d)/(C/L)

const
CruZm = 0.01

doc
CruZm = copepod grazing rate on uzooplankton (C/C/d)/(C/L)

const
CruZuZ = 0.0005

doc
CruZuZ = slope of cannibalism rate by zooplankton when there are no alternative prey available (C/C/d)/(C/L)

const
Dia_Um = 2*0.693

doc
Dia_Um = default maximum growth rate for diatom (d-1)

const
DiaAlpha = 0.257

doc
DiaAlpha = diatom alpha for photosynthesis (C/C/d/PAR)

const
eggB = 0.0002

doc
eggB = mgC per egg

const
ENdH = 4

doc
ENdH = Hill constant control of copepod death function on diatom ingestion (dl)

const
ENdk = 0.25

doc
ENdk = half saturation for diatom ingestion that impacts on copepod death

const
feed_1st = 6

doc
feed_1st = age of copepod egg hatch; could be linked to temperature; this is made of a 2day time to hatch PLUS 4 day of no feeding in N1 (d)

const
Flag_Um = 0.693

doc
Flag_Um = default flagallate maximum growth rate (d-1)

const
FlagAlpha = 0.257

doc
FlagAlpha = flagallate alpha for photosynthesis (C/C/d/PAR)

const
initial_DiaC = 0.02*1000

doc
initial_DiaC = initial diatom biomass (mgC/m3)

const
initial_DNC = 0.1

doc
initial_DNC = initial diatom N:C (gN/gC)

const
initial_FlagC = 0.02*1000

doc
initial_FlagC =  initial flagellate biomass (mgC/m3)

const
initial_fNC = 0.15

doc
initial_fNC = initial flagallate N:C (gN/gC)

const
initial_NH4 = 14*0.5

doc
initial_NH4 = initial NH4 and amount below mixed layer (mgN/m3)

const
initial_uZC = 0.01*1000

doc
initial_uZC = initial uzooplankton biomass (mgC/m3) 

const
initNO3 = 10*14

doc
initNO3 = initial NO3 and amount below mixed layer (mgN/m3)

const
initSi = 28*10

doc
initSi = initial Si and amount below mixed layer (mgSi/m3); 280=10uM

const
k5 = 0.2

doc
k5 = half sat for diatom mortaility 

const
KIP = 0.25

doc
KIP = feedback term constant for ingestion by copepod (dl)

const
KIP_1 = 0.25

doc
KIP_1 = feedback term constant for ingestion by uzooplankton (dl)

const
KQN_Diat = 10

doc
KQN_Diat = normalised N:C quota curve constant for diatom (dl)

const
KQN_Flag = 10

doc
KQN_Flag = normalised N:C quota curve constant for flagellate (dl)

const
Kxi = 0.001

doc
Kxi = nutrient uptake control constant (dl)

const
mAEmax = 0.4

doc
mAEmax = copepod maximum value of AE; this cannot attain 1, (dl)

const
mAEmin = 0.2

doc
mAEmin = copepod  minimum AE when confronted with excess ingestion (dl)

const
max_age = 29

doc
max_age = copepod age 1 period less than death. Value cannot exceed array size ! (d)

const
maxENdeath = 0.5*0

doc
maxENdeath = maximum death rate of eggs & non-feeding nauplii, controlled by DDE (d)

const
maxNC = 0.25

doc
maxNC = maximum mass ratio of N:C which could be attained in the organic form, (gN/gC)

const
mix_depth135 = 20

doc
mix_depth135 = mixing depth at Julian date 135 at NABE (m)

const
MRm = 0.225

doc
MRm = copepod  respiration cost associated with metabolic functions, (gC/gC)

const
MRu = 0.225

doc
MRu = respiration cost associated with metabolic functions, uzooplankton (gC/gC)

const
mu1 = 0.05

doc
mu1 = control of mortality of phytoplankton-N (d-1)

const
mZKec = 0.001

doc
mZKec = copepod  half saturation constant for AE; very low value turns off this function (dl)

const
mZNC = 0.175

doc
mZNC = zooplankton N:C ratio (constant) (gN/gC)

const
mZum = 0.4

doc
mZum = target copepod growth rate (gC/gC/d)

const
N_Death = 0.1

doc
N_Death = death rate of feeding nauplii (d-1)

dim
N2Kt = (pop)

const
N2Kt = 200*14

doc
N2Kt = half satuartion for NO3 uptake through low rate/high affinity system (mgN/m3)

dim
N2pref = (pop)

const
N2pref = 10

doc
N2pref = NO3 uptake by secondary porter, allows rapid NO3 uptake through high rate/low affinity system

const
naupB = 0.001

doc
naupB = typical wt of early nauplius (mgC)

const
NC_age = 8

doc
NC_age = minimum age for transition from nauplius to copepodite (d)

const
NCabs_Diat = 0.2

doc
NCabs_Diat = absolute maximum N:C for diatom (gN/gC)

const
NCabs_Flag = 0.2

doc
NCabs_Flag = absolute maximum N:C for flagellate (gN/gC)

const
NCm_Diat = 0.16

doc
NCm_Diat = maximum N:C for diatom that affects growth rate (gN/gC)

const
NCm_Flag = 0.18

doc
NCm_Flag = maximum N:C for flagellate that affects growth rate (gN/gC)

const
NCo_Diat = 0.06

doc
NCo_Diat = minimum N:C for diatom (gN/gC)

const
NCo_Flag = 0.055

doc
NCo_Flag = minimum N:C for flagellate (gN/gC)

dim
NKt = (pop)

const
NKt = 1*14

doc
NKt = half saturation for NO3 uptake through low rate/high affinity system (mgN/m3)

const
NKu_Diat = 0.5*14

doc
NKu_Diat = half satuartion for N use for diatom (mgN/m3)

const
NKu_Flag = 0.5*14

doc
NKu_Flag = half satuartion for N use for flagelllate (mgN/m3)

dim
Npref = (pop)

const
Npref = 1

doc
Npref = relative rate of NO3 uptake by primary transporter control (Cf Apref)

const
P_atten = 0.03

doc
P_atten = attentuation of light by phytoplankton-N (1/(mmolesN/m3))*m-1 {light absorbed by the phytoplankton}

const
Pd_con = 2

doc
Pd_con = diatom death control term .. 0 = NPZ original, 1 = sigmoidal death to [P], 2 = sigmoidal to NCu. Version 2 used; This enhances diatom death in response to poor nutrient status.

const
PdH = 4

doc
PdH = sigmoidal power for diatom sedimentation death term

const
PopSwitch = 0

doc
PopSwitch = switch to select initial copepod age structure; 0 for mixed copepod population start, 1 for aged copepod, 2 for young 

const
Qh = 2

doc
Qh = Control tem for nutrient uptake

const
Qhcon = 7.312108*1.5

doc
Qhcon = Hill number for selectivity control; modified from Mitra & Flynn tuned value

const
QKcon = 0.55

doc
QKcon = constant for prey quality selection control; to remove this control, enter 0.001

const
SCabs = 0.5

doc
SCabs = absolute minimum Si:C for diatom (gSi/gC)

const
SCm = 0.2

doc
SCm = maximum Si:C affecting growth rate for diatom (gSi/gC)

const
SCo = 0.05

doc
SCo = minimum Si:C for diatom (gSi/gC)

const
SKu = 28

doc
SKu = half saturation for Si uptake by diatoms (mgSi/m3)

const
SNCm = 0.3

doc
SNCm = max diatom N:C; (gN/gC)

const
sunlt135 = 930

doc
sunlt135 = Sunlight at Julian day 135 for NABE

const
sunset135 = 0.311

doc
sunset135 = sunset at day  Julian day 135 for NABE

const
Tdia = 1

doc
Tdia = threshold for grazing by copepods upon diatoms (mg/m3)

const
Tf = 1

doc
Tf = threshold for grazing by copepods upon flagellates (mg/m3)

const
totmix135 = 0.01

doc
totmix135 = mixing rate at Julian day 135 for station NABE (d-1)

const
TuZ = 1

doc
TuZ = threshold for grazing by copepods upon microzooplankton (mg/m3)

const
uZKec = 0.001

doc
uZKec = half saturation constant for AE for flagellate (dl)

const
uZNC = 0.175

doc
uZNC = zooplankton N:C ratio (constant), (gN/gC)

const
uZSNCm = 0.3

doc
uZSNCm = maximum possible flagellate N:C; (gN/gC)

const
uZum = 0.6

doc
uZum = target microZ predator growth rate, (gC/gC/d)

const
water_atten = 0.1

doc
water_atten = attenuation of light by water (m-1) {= light absorbed by water}

