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 (a) Semi−labile DOC produced by exudation [mmolC m−3 d−1] at station 3
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 (b) Semi−labile DOC produced by sloppy feeding [mmolC m−3 d−1] at station 3
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 (c) Semi−labile DOC produced by solubilization [mmolC m−3 d−1] at station 3
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 (d) Carbon pools vertically integrated or cumulated flux at station 3 (depth = 46 m)
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Figure 12. Seasonal profiles of semi-labile DOC fluxes released by (a) phytoplankton exudation 
(mmol N m-3), (b) sloppy feeding and (c) POC solubilization (mmol C m-3 d–1) simulated by the model at 
station 3 (southern mid-shelf MAB). (d) Vertically integrated pools of organic carbon and accumulated air-
sea CO2 and POC burial fluxes (mmol C m-2) for the same station. The mixed layer depth (solid black) and 
the depth of the 10% (dash white) and 1% (solid white) isolume are also presented. 
 
 
comparable to the export of seasonally produced DOC from the outer-shelf and slope to the open 
ocean. In contrast to the southern MAB, the DOC produced at Georges Bank and south of Cape Cod 
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is mostly exported southward to the central MAB shelf between Long Island and Delaware Bay and 
does not contribute to a net export to the deep ocean. 
 
Conclusions 
The present study couples a circulation model to a biogeochemical model of carbon and nitrogen 
which includes the major DOM production processes to estimate (1) the role of DOM in the coastal 
ecosystem C and N cycling and (2) the relative importance of the export of freshly produced DOC to 
the open ocean compared to POC burial on the shelf. The carbohydrate production by 
phytoplankton, which occurs in nutrient-depleted and light-replete conditions, partially decouples the 
carbon and nitrogen primary production. The results show that DOM increases primary productivity 
by 60 to 180 g C m-2 yr-1 in the MAB, of which 65 to 100% is related to the ammonium release by 
DON mineralization in the upper layer and 0 to 35% to the ‘extra’ production of carbohydrates. 
Because DOM release by exudation and progressive mineralization occur near the surface, it is the 
most important process involved in this increase of primary productivity. However, in terms of flux, 
the annual release of semi-labile DOC by the deeper POC solubilization can be three times higher 
than the near-surface release by exudation. The seasonally produced DOC export from the shelf to 
the open ocean occurs mostly in the southern outer-shelf and slope of the MAB at a comparable rate 
(~1 to 2 mol m-2 yr-1) to POC burial in the inner- and mid-shelf. Subsequent steps in model 
development will consider the inclusion of the refractory DOC (as a passive tracer), multiple 
phytoplankton and zooplankton functional groups, a diagenetic sub-model to simulate 
remineralization and burial in the sediment, a fast sinking detritus (~100 m d-1) and a higher 
horizontal resolution in shallow areas. The model parameterization and evaluation will also be 
improved by using new products derived from satellite remote sensing of surface DOC and POC 
concentration. These refinements will allow for a more complete estimate of the carbon budget at the 
scale of the Eastern U.S. continental shelf and provide for a better understanding of the role of DOC 
in the dynamics of carbon cycling at the land-ocean interface. 
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Appendix 
 
Parameter set 
See Tables A1, A2 and A3 
 
Equations of the state variables  
 
Semi-labile DON and DOC 
The time rate of change of the semi-labile DON and DOC are: 
 
∂DON/∂t = Phytoplankton exudation + Sloppy feeding +  

+ Solubilization small and large N detritus (semi-labile fraction)  
- Remineralization semi-labile DON 
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where µ is the phytoplankton growth rate. 
 
∂DOC/∂t = Phytoplankton exudation (nutrient-based and carbon excess-based)  

+ Sloppy feeding + Solubilization small and large C detritus (semi-labile fraction)  
- Remineralization semi-labile DOC 
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where LL and LN are the non-dimensional terms that determine light- and nutrient-limitation, and 
µmax the maximum phytoplankton growth rate (µ = µmax LL LN). 
 
Phytoplankton 
Two sink terms are added in the phytoplankton time rate of change: the exudation terms of semi-
labile and labile DON towards DON and ammonium respectively.  
 
∂Phy/∂t = Phytoplankton growth - Exudation of semi-labile DON  
- Exudation of labile DON (to NH4) - Grazing - Phytoplankton mortality  
- Aggregation with small N detritus - Sinking of living cells 
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where mp is the phytoplankton mortality rate, τ the aggregation parameter of the small detritus and 
Phy (towards the large detritus pool) and wP is the sinking velocity of living phytoplankton cells. 
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Phy is expressed in nitrogen unit using the constant C to N ratio (CNp) for accessing carbon units and 
therefore no equation is required for Phy expressed in carbon. A fraction (σC) of the carbon excess 
uptake represents the semi-labile DOC exudation by phytoplankton and is directed towards the semi-
labile DOC. 
 
Chlorophyll 
The chlorophyll equation is modified accordingly to the changes of the phytoplankton equation: 
 
∂Chl/∂t = Chlorophyll production - Loss by exudation of semi-labile DON  
              - Loss by exudation of labile DON (to NH4) - Loss by grazing  

  - Loss by phytoplankton mortality - Loss by aggregation with small N detritus 
              - Loss by sinking of living cells 
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where ρchl is the fraction of phytoplankton growth devoted to the chlorophyll synthesis (Geider et al., 
1997): 
ρchl = θmax µ Phy / α I Chl 
where θmax is the maximum ratio of chlorophyll to phytoplankton biomass, α is the initial slope of 
the phytoplankton growth curve relative to light and I the photosynthetically available radiation. 
 
Zooplankton 
The zooplankton, like the phytoplankton, is only expressed in nitrogen unit: 
 
∂Zoo/∂t = Fraction of grazing assimilated  

  - Excretion (basal metabolism and grazing dependent) – Mortality  
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The remaining term [(1-β) g Zoo] is divided between the production of semi-labile and labile DON 
by sloppy feeding (towards semi-labile DON and DIC respectively) and the production of fecal 
pellets (towards the small N detritus pool). 
The zooplankton equation expressed in carbon is: 
 

ZoorZoomZooZoogCN
t

Zoo
CexcZP

C
Z

2

max
EBMZ CN  

g
g l  l CN- −⎥

⎦

⎤
⎢
⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+=

∂
∂ ββ  

 
where rCexc is the rate of carbon excess respiration due to the C to N ratio difference between 
phytoplankton and zooplankton. The constant zooplankton C to N ratio (CNZ = 5.0) leads to the 
formulation: 
 
CNZ = (CNP β g Zoo - rCexc CNZ Zoo)/ β g Zoo 
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Or 
 
rCexc = β g (CNP - CNZ) / CNZ 
This excess of respired organic carbon is directed to DIC. It ensures the conservation of the 
zooplankton C to N ratio and therefore the zooplankton equation expressed in carbon is implicit. 
 
DIC 
The air-sea exchange of carbon dioxide is taken from Fennel et al. (in prep.). 
 
∂DIC/∂t = - Nutrient-based uptake by phytoplankton growth  

- C excess-based semi-labile DOC exudation 
+ Nutrient-based exudation of labile DOC  
+ Labile DOC produced by sloppy feeding  
+ Excretion (basal metabolism and grazing dependent) 

+ Solubilization small and large detritus C (labile fraction)  
+ Remineralization of semi-labile DOC  

+ Air-sea CO2 flux 
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Ammonium 
 
∂NH4/∂t = - Ammonium uptake by phytoplankton growth + Exudation of labile DON 
 + Labile DON produced by sloppy feeding  

+ Excretion (basal metabolism and grazing dependent) 
 + Solubilization small and large detritus N (labile fraction) 

+ Remineralization of semi-labile DON – Nitrification 
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where lBM and lE are the zooplankton excretion rates due to basal metabolism and assimilation 
intensity respectively, and n is the nitrification rate (same parameterization than in Fennel et al. 
(2006). LL is the non-dimensional light limitation and LNH4 is the nutrient limitation term for 
ammonium. 
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Nitrate 
 
∂NO3/∂t = - Nitrate uptake by phytoplankton growth + Nitrification 
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where LNO3 is the nutrient limitation term for nitrate. 
 
Detritus N 
 
∂SDetN/∂t = Phytoplankton mortality – Aggregation with living phytoplankton cells  

      – Small detritus N solubilization – Sinking of small detritus N  
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∂LDetN/∂t = Fecal pellets production (nitrogen fraction) + Zooplankton mortality  

     + Aggregation of small detritus (N) and phytoplankton cells  
      - Large detritus N solubilization - Sinking of large detritus (N) 
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Detritus C 
 
∂SDetC/∂t = Phytoplankton mortality (C) – Aggregation with living phytoplankton cells  

     – Small detritus C remineralization – Sinking of small detritus C  
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∂POCL/∂t = Fecal pellets production (carbon) + Zooplankton mortality (C) 

   + Aggregation of small detritus (C) and phytoplankton cells (C)  
   - Large detritus C solubilization - Sinking of large detritus (C) 
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where wS and wL are the sinking velocities of small and large detritus respectively. 
 
Oxygen 
The oxygen equation taken from Fennel et al. (in prep.) is modified as the following: 
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∂Ox/∂t = Phytoplankton growth linked to N uptake  
            + Phytoplankton growth linked to C excess uptake  
             - Labile DOM oxidation - Labile DOM oxidation from sloppy feeding  
             - Zooplankton excretion 

+ Solubilization small and large POM (labile fraction) - DOM oxidation  
- Nitrification +Air-sea flux 
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where rO2:NO3 and rO2:NH4 are the O2:N ratio for nitrate and ammonium respectively, νKO2 is the gas 
exchange coefficient for oxygen, ∆z is the thickness of the top box and Oxsat is the saturation 
concentration of oxygen. 
The oxygen produced by the synthesis of carbohydrates (carbon excess uptake) has a one to one 
mole ratio with DIC following the equation: CO2 +H20 + energy -> (CH20) + O2. 
The oxygen uptake from the solubilization of POM (PON+POC) and the oxidation of DOM 
(DON+DOC) is approximated to the solubilization of detritus N and oxidation of DON with a C to 
N ratio of 6.6.  
 
Bottom boundary condition 
In order to take into account the resuspension of detritus C near the seabed due to bottom friction, a 
fraction (λres, see next section) of the bottom carbon flux is resuspended and mineralized in the lower 
water column. The complementary fraction (1-λres) is buried, the flux of buried carbon thus is: 

CbottomresCCburied FBEF )1( λ−=  
Where BEC  is the burial efficiency (see next section) and FCbottom is the detritus C flux that reaches 
the bottom before resuspension: 
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The POM which is not resuspended nor buried is mineralized and therefore the bottom boundary 
condition for carbon follows: 
∂DIC/∂t|z=H = mineralization of (resuspended bottom detritus C  

                                     + not resuspended nor buried bottom POC) 
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For nitrogen, the same resuspension rate is applied (λres) to the detritus N reaching the seabed. The 
remaining detritus N is subject to burial and denitrification following: 
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where FNbottom is the flux of detritus in nitrogen that reaches the bottom before resuspension: 
 

Hz
L

Hz
S

Hz
PbottomN z

LDetNw
z

SDetNw
z

PhywF
=== ∂

∂
+

∂
∂

+
∂

∂
=  

 
The denitrification process is taken into account as it was shown to be significant in the MAB 
(Fennel et al., 2006). The stoichiometry calculation shows that the bottom boundary condition for 
ammonium is: 
 
∂NH4/∂t|z=H = mineralization of (resuspended bottom detritus N  

        + not resuspended nor buried bottom detritus N  
        + not resuspended nor denitrified bottom detritus N) 
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The total amount of nitrogen lost through burial and denitrification (N2) is: 
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The POM resuspension 
The resuspension is taken into account as a function of the friction velocity at the seabed (U*). The 
resuspension rate (%) follows: 
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where U*

d is the critical friction velocity above which all organic matter is maintained in suspension 
(U*

d = 0.31 cm.s-1, Peterson, 1999). The resuspended fraction of POC is thus largely dependent of 
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the local near bottom current velocity which is driven by the general circulation and the tides on the 
continental shelf and also by wind events in shallow waters. 
 
The POM burial 
Thomas et al. (2002) measured and reviewed high rates of carbon burial along the continental shelf 
of the U.S. northeastern continental shelf. The carbon and nitrogen burial rates have been 
implemented to simulate the loss of material in the sediment. 
A fraction (burial efficiency, BEC) of the particulate organic carbon that reaches the seabed is buried 
following the empirical expression of Henrichs and Reeburgh, 1987: 
 
log Fc = 0.69 log w + 2.27  
 
and  
 
BEC = w0.4/2.1 
 
where Fc is the organic carbon flux at the sediment surface (gC m-2 y-1) and w is the sediment 
accumulation rate (cm y-1). Resolving the system leads to the following formulation for BEC (%): 
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This formulation matches the upper values of Thomas et al. (2002) who measured and reviewed 
burial efficiency values (in % of organic carbon deposition): 10-20% at the slope off Cape Cod 
(SEEP-I), 25-50% in the MAB (SEEP-II) = 25-50, 3-40% at the slope off Cape Hatteras. 
 
Gelinas et al. (2001) reviewed the C to N ratio of buried organic matter and reported values of 9-10 
for the shelf and estuarine surface sediments and slightly lower in deeper waters. A value of 
CNburial = 9.3 is used to estimate the flux of buried organic nitrogen in agreement with values 
measured in the sediment of the MAB shelf (Mayer et al., 2002; Mayer, unpub. data).  
A maximum of 75% of carbon burial efficiency is applied as it corresponds to the maximum value 
measured: 
BEC = MIN{ [10(log Fc / 0.69 – 2.27)]0.4/2.1; 0.75 } 
 
For nitrogen burial, a similar expression of burial efficiency is used introducing a CNburial ratio: 
 
BEN = MIN{ [10(log ( CNburial FN )/ 0.69 – 2.27)]0.4/2.1 ; 0.75 } 
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Tables 
 
Table 1: Summary of the terms involved in the uptake and exudation of nitrogen and carbon by 
phytoplankton. PPL is the nutrient-based primary production limited by light, LN is the nutrient 
limitation, CNP is the C to N ratio for phytoplankton and γ the parameter of carbon excess-based 
DOC excretion by phytoplankton (see Table A1 for the definition of other parameters). 
Expression Description 
UN = PPL LN nitrogen-based primary production or uptake of nitrogen 
Unut.C = CNP UN nutrient-based primary production in carbon 
Elab.N = ωN UN exudation of labile DON (directed to ammonium) 
Elab.nut.C = CNP ωN UN exudation of labile DOC (directed to DIC) 
Esem.N = εN UN exudation of semi-labile DON  
Esem.nut.C= CNP Esem.N nutrient-based exudation of semi-labile DOC  
Uexc.C = CNP γ PPL (1– LN) carbon excess uptake by nutrient-stressed phytoplankton 
Elab.exc.C = (1 - σc) Uexc.C carbon excess-based exudation of labile DOC  
Esem.exc.C = σc Uexc.C carbon excess-based exudation of semi-labile DOC  
 
Table 2: Release DCAA flux from aggregates, carbon content of aggregates, fraction of nitrogen in 
released DCAA estimated by Smith et al., 1992), and DON release rates deduced from these data. 
Aggregate 
type   (April 
1990) 

DCAA release 
(µg.agg-1.d-1) 
(1) 

Carbon content 
(µg C.agg-1) 
(2) 

Nitrogen fraction in 
released DCAA 
(non-dimensional) 
(3) 

DON release rate 
(gNDCAA.gNagg

-1.d-1) 
assuming POC:PON=5 
(1)*5.0*(3)/(2) 

Larvacean 
house 

0.936 3.5 23.3/155.2=0.150 0.200 

Diatom floc 0.527 3.5 2.4/15.4= 0.156 0.117 
Larvacean 
house 

0.478 3.2 8.0/53.6= 0.149 0.118 

Larvacean 
house 

0.365 4.5 0.5/3.1= 0.161 0.066 
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Table A1: DOM specific parameters 
Symbol Value or range and Unit Parameter or formulation 
ωN 0.03 [nondimensional] of 

primary production (N) 
Labile DON exudation rate 

ωC 0.03 [nondimensional] of 
primary production (C) 

Nutrient-based labile DOC exudation rate 

εN 0.04 [nondimensional] of N 
primary production 

Exudation rate of phytoplankton semi-labile DON 

γ 0.20 [nondimensional]  Parameter of carbon excess-based DOC exudation 
σC 0.45 [nondimensional] Fraction of semi-labile DOC produced by the carbon 

excess-based exudation 
δN 0.30 [nondimensional] Fraction of semi-labile DON to total DON within the 

phytoplankton cell 
δC 0.55 [nondimensional] Fraction of semi-labile DOC to total DOC within the 

phytoplankton cell 
QDON 0.0-0.71 [nondimensional]: 

function of the ratio 
grazing:maximum grazing 
(g/gmax) 

Fraction of total DON to (DON+PON) within the 
phytoplankton cell 

QDOC 0.0-0.71 [nondimensional]: 
function of the ratio 
grazing:maximum grazing 
(g/gmax)  

Fraction of total DOC to (DOC+POC) within the 
phytoplankton cell 

aN0 0.01530 d-1  Remineralization rate of semi-labile DON at 0ºC (aNT 
= aN0 e0.07T, with T in ºC) 

aC0  0.00767 d-1 Remineralization rate of semi-labile DOC at 0ºC (aCT 
= aC0 e0.07T, with T in ºC) 

sSDetN 0.11 d-1 Bacterial solubilization rate of small N detritus 
sLDetN 0.11 d-1 Bacterial solubilization rate of large N detritus 
sSDetC 0.08 d-1 Bacterial solubilization rate of small C detritus 
sLDetC 0.08 d-1 Bacterial solubilization rate of large C detritus 
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Table A2: Modified parameterization from Fennel et al. (2006) 
Symbol New value or range, 

and Unit 
Former value Parameter  

α a 0.020 (W.m-2 )-1. d-1 0.025 (W.m-2 )-1. d-1 Initial slope of the P-I curve 
µmax

a 1.6 d-1 0.59*1.066T (T is the 
temperature in ºC, 
Eppley, 1972) 

Maximum growth rate of 
phytoplankton 

CNZ 
 b 5.0 [nondimensional] 6.625 Zooplankton C to N ratio 

β  b 0.22-085 for 
g/gmax=[1.0-0.0] 
[nondimensional] 

0.75 Zooplankton assimilation 
efficiency 

wS 
c 1.0 m d-1 0.1  m d-1 Small detritus sinking velocity 

wL 
c 10.0 m d-1 1.0  m d-1 Large detritus sinking velocity 

a Brush et al. (2002) showed that the temperature-dependent formulation of Eppley (1972) 
underestimates primary production.  Even if a temperature dependency most probably exists in 
relation to the cell metabolism, the light intensity is the prior control factor. The use of a 
temperature-dependent formulation led to a latitudinal variation and underestimation (low 
temperature below the thermocline) of primary production. For a better analysis of the results, the 
temperature dependency of the maximum growth rate was totally removed. 
b See text for details. 
c Since the dead phytoplankton cells on one hand, and the zooplankton corps and fecal pellets on 
the other hand sink with distinct velocities due to their particles size difference, the zooplankton 
products are flowed to the large particle pool which sinks faster instead of the small particle pool. 
The aggregation process thus concerns only the phytoplankton living and dead cells. The sinking 
velocities proposed for such a configuration are 1 m d-1 for the small detritus pool (dead 
phytoplankton cells) and 10 m d-1 for the large detritus pool (zooplankton particles and 
phytoplankton aggregates). 
 
Table A3: Common parameterization with Fennel et al. (2006) 
Symbol Value and Unit Parameter  
kNO3 0.5 mmol N m-3 Half-saturation constant for nitrate uptake 
kNH4 0.5 mmol N m-3 Half-saturation constant for ammonium uptake 
CNP  6.625 [nondimensional] Phytoplankton C to N ratio 
gmax  0.6 d-1 Maximum grazing rate 
Kphy 2.0 (mmol N m-3)2 Half-saturation constant for grazing 
mp 0.15 d-1 Phytoplankton mortality 
τ 0.005 (mmol N m-3)-1 d-1 Aggregation parameter 
θmax 0.053 mgChla mgC-1 Maximum chlorophyll to phytoplankton ratio 
lBM 0.1 d-1 Excretion rate due to basal metabolism 
lE 0.1 d-1 Maximum rate of assimilation-related excretion 
mz 0.025 (mmol N m-3)-1 d-1 Zooplankton mortality 
wPhy 0.1 m d-1 Phytoplankton sinking velocity 
 



 37

 
References 
 
Admiraal, W., Peletier, H. and Lane, R., 1986. Nitrogen metabolism of marine planktonic diatoms; 

excretion, assimilation and cellular pools of free amino acids in seven species with different cell 
size. J. Exp. Mar. Biol. Ecol, 98: 241-263. 

Aluwihare, L., Repeta, D. and Chen, R., 2002. Chemical composition and cycling of dissolved organic 
matter in the mid-Atlantic Bight. Deep-Sea Res, 49: 4421-4437. 

Amon, R. and Benner, R., 1996. Bacterial Utilization of Different Size Classes of Dissolved Organic Matter. 
Limnol. Oceanogr., 41(1): 41-51. 

Anderson, T. and Pondaven, P., 2003. Non-redfield carbon and nitrogen cycling in the Sargasso Sea: pelagic 
imbalances and export flux. Deep Sea Res. Part I, 50(5): 573-591. 

Anderson, T. and Williams, P., 1998. Modelling the Seasonal Cycle of Dissolved Organic Carbon at Station 
E 1 in the English Channel. Estuar. Coast. Shelf Sci., 46(1): 93-109. 

Baines, S. and Pace, M., 1991. The Production of Dissolved Organic Matter by Phytoplankton and its 
Importance to Bacteria: Patterns Across Marine and Freshwater Systems. Limnol. Oceanogr., 36(6): 
1078-1090. 

Bates, N. and Hansell, D., 1999. A high resolution study of surface layer hydrographic and biogeochemical 
properties between Chesapeake Bay and Bermuda. Mar. Chem., 67(1): 1-16. 

Bauer, J. and Druffel, E., 1998. Ocean margins as a significance source of organic matter to the open ocean. 
Nature, 392: 482-485. 

Bauer, J.E., E.R.M. Druffel, D.M. Wolgast, and S. Griffin, 2001. Cycling of dissolved and particulate 
organic radiocarbon in the northwest Atlantic continental margin. Global Biogeochem. Cycles, 15: 
615-636. 

Bauer, J.E., E.R.M. Druffel, D.M. Wolgast, and S. Griffin, 2002. Temporal and regional variability in 
sources and cycling of DOC and POC in the northwest Atlantic continental shelf and slope. Deep 
Sea Res., 49: 4387-4419. 

Beardsley, R. and Boicourt, W., 1981. On estuarine and continental shelf circulation in the Middle Atlantic 
Bight. Evolution Phys. Oceanogr.: 198–233. 

Benner, R., Pakulski, J., McCarthy, M., Hedges, J. and Hatcher, P., 1992. Bulk Chemical Characteristics of 
Dissolved Organic Matter in the Ocean. Science, 255(5051): 1561. 

Berger, W., 1989. Global maps of ocean productivity. Productivity of the Oceans: Present and Past: New 
York (Wiley): 429–455. 

Biddanda, B. and Benner, R., 1997. Carbon, Nitrogen, and Carbohydrate Fluxes During the Production of 
Particulate and Dissolved Organic Matter by Marine Phytoplankton. Limnol. Oceanogr., 42(3): 506-
518. 

Biscaye, P. and Anderson, R., 1994. Fluxes of particulate matter on the slope of the southern Middle 
Atlantic Bight: SEEP-II. Deep Sea Res., Part II, 41(2-3): 459-509. 

Biscaye, P., Anderson, R. and Deck, B., 1988. Fluxes of particles and constituents to the eastern United 
States continental slope and rise: SEEP-I. Cont. Shelf Res., 8: 855-904. 

Biscaye, P., Flagg, C. and Falkowski, P., 1994. The shelf edge exchange processes experiment, SEEP-II: an 
introduction to hypotheses, results and conclusions. Deep Sea Res., Part II, 41(2-3): 231-252. 

Bjørnsen, B., 1988. Phytoplankton exudation of organic matter: Why do healthy cells do it. Limnol. 
Oceanogr, 33: 151–154. 

Bronk, D., Glibert, P. and Ward, B., 1994. Nitrogen Uptake, Dissolved Organic Nitrogen Release, and New 
Production. Science, 265(5180): 1843. 



 38

Bronk, D. and Ward, B., 2000. Magnitude of Dissolved Organic Nitrogen Release Relative to Gross 
Nitrogen Uptake in Marine Systems. Limnol. Oceanogr., 45(8): 1879-1883. 

Brush, M., Brawley, J., Nixon, S. and Kremer, J., 2002. Modeling phytoplankton production: problems with 
the Eppley curve and an empirical alternative. Mar. Ecol. Prog. Ser., 238: 31-45. 

Carlson, C., 2002. Production and removal processes. Biogeochemistry of marine dissolved organic matter. 
Academic: 91–151. 

Chen, R.F., Fry, B., Hopkinson, C.S., Repeta, D.J., Peltzer, E.T., 1996. Dissolved organic carbon on 
Georges Bank. Cont. Shelf Res., 16: 409-420. 

DeGrandpre, M., Olbu, G., Beatty, C. and Hammar, T., 2002. Air-sea CO 2 fluxes on the US Middle 
Atlantic Bight. Deep Sea Res., Part II, 49(20): 4355-4367. 

Dinniman, M., Klinck, J. and Smith, W., 2003. Cross-shelf exchange in a model of the Ross Sea circulation 
and biogeochemistry. Deep Sea Res., Part II, 50: 3103–3120. 

Druffel, E., Williams, P., Bauer, J. and Ertel, J., 1992. Cycling of Dissolved and Particulate Organic Matter 
in the Open Ocean. J. Geophys. Res., 97(C10): 15639-15659. 

Eppley, R., 1972. Temperature and phytoplankton growth in the sea. Fish. bull., 70(4): 1063-85. 
Fairall, C., Bradley, E., Hare, J., Grachev, A. and Edson, J., 2003. Bulk Parameterization of Air–Sea Fluxes: 

Updates and Verification for the COARE Algorithm. J. Clim., 16(4): 571-591. 
Falkowski, P., Flagg, C., Rowe, G., Smith, S., Whitledge, T. and Wirick, C., 1988. The fate of a spring 

phytoplankton bloom: Export or oxidation. Cont. Shelf Res, 8(5-7): 457-484. 
Fasham, M., Boyd, P. and Savidge, G., 1999. Modeling the Relative Contributions of Autotrophs and 

Heterotrophs to Carbon Flow at a Lagrangian JGOFS Station in the Northeast Atlantic: The 
Importance of DOC. Limnol. Oceanogr., 44(1): 80-94. 

Fennel, K., Wilkin, J., Levin, J., Moisan, J., O’Reilly, J. and Haidvogel, D., 2006. Nitrogen cycling in the 
Middle Atlantic Bight: Results from a three-dimensional model and implications for the North 
Atlantic nitrogen budget. Global Biogeochem. Cycles, 20(3). 

Fennel, K., Wilkin, J., Previdi, M. and Najjar, R. Submitted July 2008. Denitrification effects on air-sea CO2 
flux in the coastal ocean: Simulations for the Northwest North Atlantic. Geophys. Res. Let. 

Fisher, T.S., Hagy, J.D. and Rochelle-Newall, E., 1998. Dissolved and particulate organic carbon in 
Chesapeake Bay. Estuaries, 21(2): 215-229. 

Flather, R., 1976. A tidal model of the northwest European continental shelf. Mem. Soc. R. Sci. Liege, 
6(10): 141–164. 

Fogg, G., 1966. The extracellular products of algae. Oceanogr. Mar. Biol. Ann. Rev., 4: 195-212. 
Fogg, G., 1983. The ecological significance of extracellular products of phytoplankton photosynthesis. Bot. 

Mar., 26(1): 3-14. 
Geider, R., MacIntyre, H. and Kana, T., 1997. Dynamic model of phytoplankton growth and acclimation: 

Responses of the balanced growth rate and the chlorophyll a: carbon ratio to light, nutrient-limitation 
and temperature. Mar. Ecol. Prog. Ser., 148(1): 187-200. 

Gelinas, Y., Baldock, J. and Hedges, J., 2001. Organic Carbon Composition of Marine Sediments: Effect of 
Oxygen Exposure on Oil Generation Potential. Science, 294: 145-148. 

Haidvogel, D., Arango, H., Hedstrom, K., Beckmann, A., Malanotte-Rizzoli, P. and Shchepetkin, A., 2000. 
Model evaluation experiments in the North Atlantic Basin: simulations in nonlinear terrain-
following coordinates. Dyn. Atm. Oceans, 32(3): 239-281. 

Haidvogel, D.B., H. Arango, W.P. Budgell, B.D. Cornuelle, E. Curchitser, E. Di Lorenzo, K. Fennel, W.R. 
Geyer, A.J. Hermann, L. Lanerolle, J. Levin, J.C. McWilliams, A.J. Miller, A.M. Moore, T.M. 
Powell, A.F. Shchepetkin, C.R. Sherwood, R.P. Signell,  J.C. Warner, and J. Wilkin., 2007. Regional 



 39

Ocean Forecasting in Terrain-following Coordinates: Model Formulation and Skill Assessment. J. 
comput. phys., In press. 

Hansell, D., 2002. DOC in the global ocean cycle. In: D. Hansell and C. Carlson (Eds.), Biogeochemistry of 
Marine Dissolved Organic Matter. Academic Press, New-York, pp. 685-716. 

Harding, L., Magnuson, A. and Mallonee, M., 2005. SeaWiFS retrievals of chlorophyll in Chesapeake Bay 
and the mid-Atlantic bight. Estuar. Coast. Shelf Sci. 

Harvey, H. and Mannino, A., 2001. The chemical composition and cycling of particulate and 
macromolecular dissolved organic matter in temperate estuaries as revealed by molecular organic 
tracers. Org. Geochem., 32(4): 527-542. 

Harvey, H., Tuttle, J. and Bell, J., 1995. Kinetics of phytoplankton decay during simulated sedimentation: 
Changes in biochemical composition and microbial activity under oxic and anoxic conditions. 
Geochim. Cosmochim. Acta, 59(16): 3367-3377. 

Hasegawa, T., Koike, I. and Mukai, H., 2001. Fate of food nitrogen in marine copepods. Mar. Ecol. Prog. 
Ser., 210: 167-174. 

Hellebust, J., 1965. Excretion of Some Organic Compounds by Marine Phytoplankton. Limnol. Oceanogr., 
10(2): 192-206. 

Henrichs, S. and Reeburgh, W., 1987. Anaerobic mineralization of marine sediment organic matter: Rates 
and the role of anaerobic processes in the oceanic carbon economy. Geomicrobiol. J, 5(19): l-237. 

Hofmann, E., J.-N. Druon, K. Fennel, M. Friedrichs, D. Haidvogel, C. Lee, A. Mannino, C. McClain, R. 
Najjar, J. O’Reilly, D. Pollard, M. Previdi, S. Seitzinger, J. Siewert, S. Signorini and J. Wilkin.  
2008.  Eastern U.S. Continental Shelf Carbon Budget:  Integrating Models, Data Assimilation, and 
Analysis.  Oceanography, 21:  86-104. 

Hopkinson, C., Fry, B. and Nolin, A., 1997. Stoichiometry of dissolved organic matter dynamics on the 
continental shelf of the northeastern USA. Cont. Shelf Res., 17(5): 473-489. 

Hopkinson, C.S., Vallino, J.J. and Nolin, A., 2002. Decomposition of dissolved organic matter from the 
continental margin. Deep-Sea Research Part Ii-Topical Studies in Oceanography, 49(20): 4461-
4478. 

Ianson, D. and Allen, S., 2002. A two-dimensional nitrogen and carbon flux model in a coastal upwelling 
region. Global Biogeochem. Cycles, 16(1): 1011. 

Jensen, L., 1983. Phytoplankton release of extracellular organic carbon, molecular weight composition, and 
bacterial assimilation. Mar. Ecol. Prog. Ser., 11(1): 39-48. 

Joliff, J., Kindle, J.C., Shulman, I., Penta, B. Friedrichs, M.A.M., Helber, R. Arnone, R.A., 2007. Summary 
diagrams for coupled hydrodynamic-ecosystem model skill assessment. J. Mar. Sys., submitted to a 
special issue on biological-physical model skill assessment. 

Kantha, L. and Clayson, C., 1994. An improved mixed layer model for geophysical applications. J. 
Geophys. Res., 99(C12): 25235-25266. 

Lancelot, C., 1983. Factors affecting phytoplankton extracellular release in the Southern Bight of the North 
Sea. Mar. Ecol. Prog. Ser., 12(2): 115-121. 

Lancelot, C., 1984. Extracellular release of small and large molecules by phytoplankton in the southern 
Bight of the North Sea. Estuar. Coast. Shelf Sci., 18(1): 65-77. 

Lancelot, C. and Billen, G., 1985. Carbon-nitrogen relationships in nutrient metabolism of coastal marine 
ecosystems. Adv. aquat. microbiol., 3: 263-321. 

Lancelot, C., Spitz, Y., Gypens, N., Ruddick, K., Becquevort, S., Rousseau, V., Lacroix, G. and Billen, G., 
2005. Modelling diatom and Phaeocystis blooms and nutrient cycles in the Southern Bight of the 
North Sea: the MIRO model. Mar. Ecol. Prog. Ser., 289: 63-78. 



 40

Ledwell, J., Watson, A. and Law, C., 1993. Evidence for slow mixing across the pycnocline from an open-
ocean tracer-release experiment. Nature, 364(6439): 701-703. 

Magnuson, A., Harding, L., Mallonee, M. and Adolf, J., 2004. Bio-optical model for Chesapeake Bay and 
the Middle Atlantic Bight. Estuar. Coast. Shelf Sci. 

Mannino, A., 2000. Chemical Composition of Particulate and Macromolecular Dissolved Organic Matter in 
the Delaware Estuary and Experimental Diatom Blooms: Sources and Reactivity Patterns, research 
directed by Marine, Estuarine, Environmental Sciences Graduate Program.University of Maryland, 
College Park. 

Mannino, A. and Harvey, H.R., 2000a. Biochemical composition of particles and dissolved organic matter 
along an estuarine gradient: Sources and implications for DOM reactivity. Limnol. Oceanogr., 45(4): 
775-788. 

Mannino, A. and Harvey, H.R., 2000b. Terrigenous dissolved organic matter along an estuarine gradient 
and its flux to the coastal ocean. Org. Geochem., 31(12): 1611-1625. 

Mannino, A., Russ, M.E. and Hooker, S.B., 2008. Algorithm development and validation for satellite-
derived distributions of DOC and CDOM in the U.S. Middle Atlantic Bight, J. Geophys. Res., 113, 
C07051, doi:10.1029/2007JC004493. 

Marañón, E., Cermeno, P., Fernandez, E., Rodriguez, J. and Zabala, L., 2004. Significance and mechanisms 
of photosynthetic production of dissolved organic carbon in a coastal eutrophic ecosystem. Limnol. 
Oceanogr., 49(5): 1652-1666. 

Marchesiello, P., McWilliams, J. and Shchepetkin, A., 2003. Equilibrium Structure and Dynamics of the 
California Current System. J. Phys. Oceanogr., 33(4): 753-783. 

Mayer, L., Benninger, L., Bock, M., DeMaster, D., Roberts, Q. and Martens, C., 2002. Mineral associations 
and nutritional quality of organic matter in shelf and upper slope sediments off Cape Hatteras, USA: 
a case of unusually high loadings. Deep Sea Res., Part II, 49(20): 4587-4597. 

Mellor, G. and Yamada, T., 1982. Development of a turbulence closure model for geophysical fluid 
problems. Rev. Geophy. Space Phys., 20: 851-875. 

Mitra, S., Bianchi, T., Guo, L. and Santschi, P., 2000. Terrestrially derived dissolved organic matter in the 
Chesapeake Bay and the Middle Atlantic Bight. Geochim. Cosmochim. Acta, 64(20): 3547-3557. 

Møller, E., 2005. Sloppy feeding in marine copepods: prey-size-dependent production of dissolved organic 
carbon. J. Plankton Res., 27(1): 27. 

Møller, E., Thor, P. and Nielsen, T., 2003. Production of DOC by Calanus finmarchicus, C. glacialis and C. 
hyperboreus through sloppy feeding and leakage from fecal pellets. Mar. Ecol. Prog. Ser., 262: 185-
191. 

Mouw, C. and Yoder, J., 2005. Primary production calculations in the Mid-Atlantic Bight, including effects 
of phytoplankton community size structure. Limnol. Oceanogr., 50(4): 1232-1243. 

Nagata, T., 2000. Production mechanisms of dissolved organic matter. In: D. Kirchman (Ed.), Microbial 
ecology of the oceans. Wiley, New-York, pp. 121–152. 

Norrman, B., Zweifel, U., Hopkinson Jr, C. and Fry, B., 1995. Production and Utilization of Dissolved 
Organic Carbon During an Experimental Diatom Bloom. Limnol. Oceanogr., 40(5): 898-907. 

O’Reilly, J. and Busch, D., 1984. Phytoplankton primary production on the northwestern Atlantic shelf. 
Rapp. P.-v. Reun. Cons. Int. Explor. Mer, 183: 255-268. 

O’Reilly, J., Evans-Zetlin, C. and Busch, D., 1987. Primary production. Chapter 21. In: R. Backus (Ed.), 
Georges Bank. MIT Press, Cambridge, MA, pp. 220–233. 

Obernosterer, I. and Herndl, G., 1995. Phytoplankton extracellular release and bacterial growth: 
Dependence on the inorganic N: P ratio. Mar. Ecol. Prog. Ser., 116(1): 247-257. 



 41

Peliz, A., Dubert, J., Haidvogel, D. and Le Cann, B., 2003. Generation and unstable evolution of a density-
driven eastern poleward current: The Iberian Poleward Current. J. Geophys. Res, 108: 3268. 

Peterson, E., 1999. Benthic shear stress and sediment condition. Aquac. Eng., 21(2): 85-111. 
Ploug, H. and Grossart, H., 2000. Bacterial Growth and Grazing on Diatom Aggregates: Respiratory Carbon 

Turnover as a Function of Aggregate Size and Sinking Velocity. Limnol. Oceanogr., 45(7): 1467-
1475. 

Pomeroy, L., Wiebe, W., Deibel, D., Thompson, R., Rowe, G. and Palkulski, J., 1991. Bacterial responses to 
temperature and substrate concentration during the Newfoundland spring bloom. Mar. Ecol. Prog. 
Ser, 75: 143-159. 

Popova, E. and Anderson, T., 2002. Impact of including dissolved organic matter in a global ocean box 
model on simulated distributions and fluxes of carbon and nitrogen. Geophys. Res. Lett., 29(9): 17-
1. 

Raick, C., Delhez, E., Soetaert, K. and Gregoire, M., 2005. Study of the seasonal cycle of the 
biogeochemical processes in the Ligurian Sea using a 1D interdisciplinary model. J. Mar. Sys. 

Redalje, D., Lohrenz, S., Verity, P. and Flagg, C., 2002. Phytoplankton dynamics within a discrete water 
mass off Cape Hatteras, North Carolina: the Lagrangian experiment. Deep Sea Res., Part II, 49(20): 
4511-4531. 

Ryan, J., Yoder, J. and Cornillon, P., 1999. Enhanced Chlorophyll at the Shelfbreak of the Mid-Atlantic 
Bight and Georges Bank during the Spring Transition. Limnol. Oceanogr., 44(1): 1-11. 

Sambrotto, R., Savidge, G., Robinson, C., Boyd, P., Takahashi, T., Karl, D., Langdon, C., Chipman, D., 
Marra, J. and Codispoti, L., 1993. Elevated consumption of carbon relative to nitrogen in the surface 
ocean. Nature, 363: 248-250. 

Santschi, P., Guo, L., Baskaran, M., Trumbore, S., Southon, J., Bianchi, T., Honeyman, B. and Cifuentes, 
L., 1995. Isotopic evidence for the contemporary origin of high-molecular weight organic matter in 
oceanic environments. Geochim. Cosmochim. Acta, 59(3): 625-631. 

Schaff, T., Levin, L., Blair, N., DeMaster, D., Pope, R. and Boehme, S., 1992. Spatial heterogeneity of 
benthos on the Carolina continental slope: large (100 km)-scale variation. Mar. Ecol. Prog. Ser, 88: 
143-160. 

Schollaert, S., Rossby, T. and Yoder, J., 2003. Gulf Stream cross-frontal exchange: possible mechanisms to 
explain interannual variations in phytoplankton chlorophyll in the Slope Sea during the SeaWiFS 
years. Deep-Sea Research. 

Seitzinger, S. and Sanders, R., 1999. Atmospheric Inputs of Dissolved Organic Nitrogen Stimulate 
Estuarine Bacteria and Phytoplankton. Limnol. Oceanogr., 44(3): 721-730. 

Sharp, J., Culberson, C. and Church, T., 1982. The Chemistry of the Delaware Estuary. General 
Considerations. Limnology and Oceanography, 27(6): 1015-1028. 

Six, K. and Maier-Reimer, E., 1996. Effects of plankton dynamics on seasonal carbon fluxes in an ocean 
general circulation model. Global Biogeochem. Cycles, 10(4): 559–583. 

Smith, D., Simon, M., Alldredge, A. and Azam, F., 1992. Intense hydrolytic enzyme activity on marine 
aggregates and implications for rapid particle dissolution. Nature, 359(6391): 139-142. 

Søndergaard, M., Williams, P., Cauwet, G., Riemann, B., Robinson, C., Terzic, S., Woodward, E. and 
Worm, J., 2000. Net Accumulation and Flux of Dissolved Organic Carbon and Dissolved Organic 
Nitrogen in Marine Plankton Communities. Limnol. Oceanogr., 45(5): 1097-1111. 

Taylor, G.T., Way, J. and Scranton, M.I., 2003. Planktonic carbon cycling and transport in surface waters of 
the highly urbanized Hudson River estuary. Limnol. Oceanogr., 48(5): 1779-1795. 

Thingstad, T., Hagstrom, A. and Rassoulzadegan, F., 1997. Accumulation of Degradable DOC in Surface 
Waters: Is it Caused by a Malfunctioning Microbial Loop? Limnol. Oceanogr., 42(2): 398-404. 



 42

Thomas, C., Blair, N., Alperin, M., DeMaster, D., Jahnke, R., Martens, C. and Mayer, L., 2002. Organic 
carbon deposition on the North Carolina continental slope off Cape Hatteras (USA). Deep Sea Res., 
Part II, 49(20): 4687-4709. 

USECoS, 2007. Eastern U.S. Continental Shelf Carbon Budget: Integrating Models, Data Assimilation, and 
Analysis. Oceanography, In press. 

Varela, M., Barquero, S., Bode, A., Fernandez, E., Gonzalez, N., Teira, E. and Varela, M., 2003. 
Microplanktonic regeneration of ammonium and dissolved organic nitrogen in the upwelling area of 
the NW of Spain: relationships with dissolved organic carbon production and phytoplankton size-
structure. J. Plankton Res., 25(7): 719. 

Verity, P., Redalje, D., Lohrenz, S., Flagg, C. and Hristov, R., 2002. Coupling between primary production 
and pelagic consumption in temperate ocean margin pelagic ecosystems. Deep Sea Res., Part II, 
49(20): 4553-4569. 

Vlahos, P., Chen, R.F. and Repeta, D.J., 2002. Dissolved organic carbon in the Mid-Atlantic Bight. Deep 
Sea Res., Part II, 49(20): 4369-4385. 

Walsh, J., 1994. Particle export at Cape Hatteras. Deep Sea Res., Part II, 41(2): 603-628. 
Warner, J., Sherwood, C., Arango, H. and Signell, R., 2005. Performance of four turbulence closure models 

implemented using a generic length scale method. Ocean Modelling, 8: 81-113. 
Wilkin, J., 2006. The Summertime Heat Budget and Circulation of Southeast New England Shelf Waters. J. 

Phys. Oceanogr., 36(11): 1997-2011. 
Williams, P., 1990. The importance of losses during microbial growth: commentary on the physiology, 

measurement and ecology of the release of dissolved organic material. Mar. microb. Fd Webs, 4(2): 
175-206. 

 



 



REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing
data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or 
any other aspect of this collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate 
for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-4302. Respondents should be aware that 
notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To) 

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITOR'S ACRONYM(S) 

11. SPONSORING/MONITORING
REPORT NUMBER 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

18. NUMBER 
OF 
PAGES 

19a. NAME OF RESPONSIBLE PERSON 

a. REPORT b. ABSTRACT c. THIS PAGE 
19b. TELEPHONE NUMBER (Include area code) 

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39-18 








