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Widder (2002a) 
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Survey System (undated) 
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Symbol Unit 

Phytoplankton 

µ1 day-1 

µ2 day-1 

kn1 mmol m-3 

kn2 mmol m-3 

kSi mmol m-3 

α1 (Wm-2)-1day-1 

α2 (Wm-2)-1day-1 

Vdiatom m day-1 

mp day-1 

kmp mmol m-3 

Zooplankton  

g day-1 

kZ mmol m-3 

β  

ε day-1 

kmε mmol m-3 

Other 

  

m m day-1  

kc m2(mmol N)-1 

kw  m-1 



 

 



 



 

 



 

    
       

 
   

    
 
   

      

   



    
    

 
   

      
 
    

 
      

  
    

             
  

   

      

      



   

   
     

  
 

   

σµ

  

     
  

  

     

  



 





     

     
               

                

  

             
 

             
  

 

 
          

  
    

              
 

              
  

 

 
    

  
   

      

   





 





 

 



           
      

  
             

 

              
  

   
 

             
 

              
 

             
             

     
  



 

            
       

  
              

 

             
  

   
 

             
              

       
  





 



 

 

 

 



 

     
 

 
 

         
 

   
 

  
   

σjn



       
 
   

σj

 





 



µ1 day
-1

 0.4 5.9 Reviewed in Sarthou et al (2005); Smayda (1997) 

µ2 day
-1

 0.09 2.7 Chang and Carpenter (1994); Juhl (2005); Jeong and 
Latz (1994); Tang (1996); Hensen et al. (2000); Hensen 
and Nielson (1997); Baek et al. (2007); 
Beak et al. (2008); Smayda (1997) 

kn1 mmol m
-3

 0.1 5.1 Sarthou et al (2005) 

kn2 mmol m
-3

 0.01 2 Ignatades et al. (2007); Qasim et al (1973); Baek et al 
(2008); Kudela et al (2008); Kudela et al (2010); 
Seeyave et al (2009); Kudela and Cochlan (2000) 

kSi mmol m
-3

 0.2 4 Sarthou et al (2005) 

α1 (Wm
-2

)
-1

day
-1

 0.001 0.1 Sarthou et al (2005); Popova and Srokosz (2009); 
Maranon and Holligan (1999); Denman  and Pena 
(1999); Fasham (1993).  

α2 (Wm
-2

)
-1

day
-1

 0.001 0.1 Popova and Srokosz (2009); Maranon and Holligan 
(1999); Denman  and Pena (1993); Fasham (1993). 

Vdiatom m day
-1

 0.1 2.5 Sarthou et al (2005) 

mp day
-1

 0.01 0.5 Fasham (1993); Losa (2004); Merico et al (2004); 
Sarthou et al (2005) 

kmp mmol m
-3

 0 1  

Zooplankton 

g day
-1

 0.4 3 Losa (2004); Fasham (1993); Petzoldt et al (2009); 
Odate and Imai (2003); Obayashi and Tonove (2002) 

kZ mmol m
-3

 0.01 3 Losa (2004); Sarmiento et al (1993); Fasham (1993) 

β  0.1 1 Evans and Parslow (1985); Fasham (1993) 

ε day
-1

 0.01 0.5 Losa (2004); Samiento et al (1993); Fasham (1993);  
Edvardsen  et al (2002) 

kmε mmol m
-3

 0 0.55  

Other 

  0.001 1  

m m day
-1

 0 0.01 Upper limit taken from Fasham (1993) 

kc m
2
(mmol N)

-1
 0.01 0.2 Fasham (1993) 

kw m
-1

 0.04 Fasham (1993); Schartau and Oschlies (2003a) 





 

Phytoplankton 

µ1 day
-1

 3.5429 
µ2 day

-1
 0.7529 

kn1 mmol m
-3

 2.4016 

kn2 mmol m
-3

 0.0732 

kSi mmol m
-3

 2.3714 

α1 (Wm
-2

)
-1

day
-1

 0.0984 
α2 (Wm

-2
)

-1
day

-1
 0.0953 

Vdiatom m day
-1

 0.3286 

mp day
-1

 0.4456 

kmp mmol m
-3

 0.6987 

Zooplankton 

g day
-1

 1.7206 
kZ mmol m

-3
 2.7627 

β  0.8571 

 day
-1

 0.3911 

kmε mmol m
-3

 0.2537 

Other 

  0.7146 
m m day

-1
 0.0000 

kc m
2
(mmol N)

-1
 0.0281 

kw m
-1

 0.04 



σjn

Jan 0.8068 0.6002 -0.7793 -0.5946 -1.2388 
Feb 0.8640 0.6113 -0.6664 -0.2452 -1.1026 
Mar 0.8549 0.5996 -0.5222 0.3854 -0.9340 

Apr 0.8045 0.5480 -0.3086 1.5731 -0.4250 

May 0.6780 0.3971 -0.2093 2.2075 0.0245 

Jun 0.4814 0.2334 -0.2151 0.9217 1.3874 
Jul 0.1613 0.1756 -0.2882 -0.2741 1.7208 

Aug 0.0297 0.1917 -0.5782 -0.8041 -0.0397 

Sep 0.1144 0.2834 -0.4040 -0.8365 1.1873 

Oct 0.3171 0.3437 -0.4533 -0.8236 0.7994 
Nov 0.5170 0.3957 -0.6192 -0.7788 -0.2967 

Dec 0.6986 0.5249 -0.7765 -0.7309 -1.0825 

 





 



 

 

Phytoplankton   

µ1 day
-1

 3.5429 1.3603 >50 
µ2 day

-1
 0.7529 0.5043 <40 

kn1 mmol m
-3

 2.4016 1.1317 >50 

kn2 mmol m
-3

 0.0732 0.2627 >50 

kSi mmol m
-3

 2.3714 2.1302 <20 
α1 (Wm

-2
)

-1
day

-1
 0.0984 0.0859 <20 

α2 (Wm
-2

)
-1

day
-1

 0.0953 0.0434 >50 

Vdiatom m day
-1

 0.3286 0.7476 >50 

mp day
-1

 0.4456 0.1656 >50 
kmp mmol m

-3
 0.6987 0.9524 <40 

Zooplankton   
g day

-1
 1.7206 1.4317 <20 

kZ mmol m
-3

 2.7627 2.6678 <10 
β  0.8571 0.8857 <10 

ε day
-1

 0.3911 0.3056 <30 

kmε mmol m
-3

 0.2537 0.1230 >50 

Other   

  0.7146 0.4291 <40 
m m day

-1
 0.0000 0.0000 0 

kc m
2
(mmol N)

-1
 0.0281 0.0703 >50 

β



α



 

Phytoplankton   

µ1 1.4476 2.5825 3.1937 1.5349 
µ2 0.4629 0.5457 0.9186 0.5871 
kn1 0.3381 4.7032 2.6397 0.3381 

kn2 0.0732 0.1679 0.5154 0.3890 

kSi 2.3714 2.4921 1.8889 1.5873 

α1 0.0969 0.1000 0.1000 0.0827 
α2 0.0607 0.1000 0.0874 0.0529 

Vdiatom 0.8238 1.1667 0.1000 1.8905 

mp 0.2511 0.4378 0.3522 0.2667 

kmp 0.6829 0.7463 1.0000 0.9049 

Zooplankton   

g 1.4317 2.5460 1.1016 2.7937 
kZ 1.7186 2.4779 1.8135 1.7186 

β 0.8857 0.6000 0.8571 0.5714 
ε 0.4922 0.3756 0.3056 0.3600 

kmε 0.1666 0.0446 0.2276 0.0097 

Other   

 0.5084 0.6353 0.6036 0.4133 
m 0.0097 0.0000 0.0000 0.0008 

kc 0.0311 0.0462 0.0733 0.0914 

α



ɛ



α α

1.7273 1.9115 1.9724 1.8486 
2.0733 2.0489 2.3421 2.2454 

1.7209 1.8451 1.8899 1.7544 

1.8827 2.0408 2.1119 1.9944 

7.4042 7.8463 8.3163 7.8428 

 

α α

ε

β



α α ε 

β



 

0.4788 0.2877 0.3027 0.4158 0.3788 1.8637 
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Symbol Unit 

gNBL 

gBL 

kg mmol m-3

 

ɛNBL 

ɛBL 

kɛ mmol m-3 
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Additional Parameters for 
Optimisation  
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ɛ,

ɛ caused by s

     

µ1 

µ2 

kn1 

kn2 

kSi 

α1 

α2 

Vdiatom 

mp 

kmp 

λ 

gNBL (g) 

kZ 
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εNBL ( ) 

kmε 

kg 
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Module ODE 

 

 Use Growth  

 Use accuracy 

 Use Parameters  

 Use nrtype 

 Use Mixedlayer 

 Use Terms 

 Use Functions 

 

 

 Implicit None 

  

 Contains  

 

 

   Subroutine Derivs (x,y,dydx)!x is time 

 

      Real(SP), Dimension (:), Intent(in):: y 

      Real(SP), Dimension (:), Intent(out):: dydx 

      Real(SP),intent(in) :: x  

      Real(SP) :: growth1, growth2, M, M2, yrlen, t,p2,p1 

      Real(SP) :: h, hplus 

      Real :: a1, c1, d1,rnsi 

         

      yrlen=365 

 

      t=ceiling(x) 

  

      !Define value for deep nutrient concentrations 

      N0=Nit0(t,1) 

      Si0=S0(t,1) 

 

      p1=y(2) 

      p2=y(3) 

 

      call functional_response(p1,p2,g,eps) 

      call MLDepth(t,M,M2) 

      call EP85_eqn (x,y,t,yrlen,M,growth1,growth2) 

 

      h=(M2-M)/1      

      hplus=max(h,0.0) 



       

 

! yin(1)=Nitrate, yin(2)=Diatoms, yin(3)=Dinoflagellates, 

yin(4)=Zooplankton, yin(5)=Silicate 

 

 a1 = min((y(1)/(y(1)+kn1)),(y(5)/(y(5)+ksi))) 

!zooplankton mortality       

 zoomort = (eps*(y(4)**2))/(kmz+y(4))     

!proportion grazing lost as messy feeding      

      c1 = (1-beta)*g                               

      d1 = (y(2)+y(3))/(kz+y(2)+y(3))  

!total messy feeding term 

      messyfeed = c1*d1*y(4)      

!diatom growth term                   

      diatgrowth = growth1*a1*y(2)       

!Dinoflagellate growth term            

      dinogrowth = growth2*(y(1)/(y(1)+kn2))*y(3)   

!diatom mortality 

      diatmort = (mp*(y(2)**2))/(km+y(2))        

!dino mortality        

      dinomort = (mp*(y(3)**2))/(km+y(3))        

!zooplankton growth term    

      zoogrowth = g*beta*d1*y(4)             

!grazing loss on diatoms        

      diatgraz = g*(y(2)/(kz+y(2)+y(3)))*y(4)    

!grazing loss on dinos    

      dinograz = g*(y(3)/(kz+y(2)+y(3)))*y(4)       

!redfield ratio N:Si 

      rnsi = (16/15)                                

!N remineralisation term 

      Nremin=tau*(zoomort+(diatmort+dinomort)+messyfeed)  

!Si remineralisation term 

      Siremin=tau*(diatmort+diatgraz) 

 

      !Calculation of mixing coeffiecints  

 

      mixcop1=(y(2)*(mix+hplus+Vdia))/M 

      mixcop2=(y(3)*(mix+hplus))/M 

      mixcoz=(y(4)*h)/M 

      mixcon=(N0-y(1))*((mix+hplus)/M) 

      mixcosi=(Si0-y(5))*((mix+hplus)/M) 

 

 

      !Biological Equations 

 

      dydx(1)= Nremin-diatgrowth-dinogrowth 

      dydx(2)= diatgrowth-diatmort-diatgraz 

      dydx(3)= dinogrowth-dinomort-dinograz 

      dydx(4)= zoogrowth-zoomort 

      dydx(5)= Siremin-diatgrowth  

 

 

      !Addition of effects due to mixing and mixed layer 

      dydx(1)=dydx(1)+mixcon 

      dydx(2)=dydx(2)-mixcop1 



      dydx(3)=dydx(3)-mixcop2 

      dydx(4)=dydx(4)-mixcoz 

      dydx(5)=(dydx(5)/rnsi) + mixcosi   

     

   return 

 

   End Subroutine Derivs 

 

End Module ODE
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