APPENDIX I The Pelagic Biochemical model

This pelagic ecological model uses a trophic structure approach, where the energy flows from the autotrophic to the heterotrophic producers. In real situations this is not true and, instead of occupying clear trophic positions, most creatures feed on almost everything suitable in size and accessible to their mode of feeding (Isaacs, 1973
).

Our scope is to quantify and, to compute it we are interested in an ecosystem level so it will suffice that we understand and modulate processes relevant to it. Though, sometimes a particular population has a prominent role in the community behaviour (Mann, 1988
). In these cases an ecosystem approach may lead to poor results.

One ecosystem has its own dynamics and behaves like an entity with characteristics of its own, i. e.; we can not infer the response of an ecosystem from the knowledge of the response of each population
. If a population shows a periodic fluctuation it doesn’t means that a forcing function with the same periodicity is to be found.

The present ecological model is based in a simplified two levels trophic structure. In fact the planktonic food web is unstructured (Isaacs, 1973). Almost all functionally photosynthetic “algae” consume other protists with the (perhaps unique) exception of diatoms (Longhurst, 1991
). Most 'heterotrophic' protists groups include forms that have symbiotic associations with algal cells or photosynthetic plastids (Longhurst, 1991
).

This discussion leads to the conclusion that trophic levels like 'herbivorous' or 'carnivorous' are abstractions of an ecosystem level approach, not concrete units that one can assign to groups of taxa (Odum, 1971
). We should focus whether this ecosystem point of view can lead to good model results, not expecting the model to give population level responses.

The present biochemical model simulates nitrogen (three inorganic forms, ammonia, nitrate, nitrite and three organic forms refractory and non- refractory dissolved organic nitrogen and particulate organic nitrogen), primary and secondary production. There is a system of 8 coupled partial differential equations, one for each variable, governing the vertical and temporal distribution of a nonconservative property
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where B is a nonconservative property, z the vertical position, w is the vertical velocity, K the diffusion coefficient (output of the hydrodynamic model) and SB the sink-and-source term. The following sections present the SB term for each of the properties.

Secondary Producers

Secondary producers’ dynamics is represented by



,

where Z stands for the concentration of secondary producers, gz the net growth rate, rz the rate of loss of biomass by respiration and excretion, mz the non-predatory mortality rate and Gz the predatory mortality. 

The net growth tax, gz is obtained from 



,

where gmax(T) is the maximum growth rate at a reference temperature with no food constrains (Ivlev, 1945 adapted by Parsons et al., 1967). The symbol ( is the Ivlev grazing constant. Fo is the minimal primary producers' concentration for the existence of grazing. F is the concentration of primary producers.

The effect of temperature in the growth, ((T), as proposed by Thornton and Lessen (1978), is given by



,

where



, 

,



, 

.

Topt(1) is the minimal value of the optimal interval to the growth, being Topt(2) the maximal. Tmin is the minimum tolerable temperature, at this temperature the growth rate is null, Tmax is the maximum tolerable temperature. The remaining constants serve to control the shape of the response curve. 

Respiration and non-predatory mortality of the zooplankton are considered functions of temperature, being treated as one variable



,

where dz(Tref) is the rate of consumption of carbon by respiration and non-predatory mortality of secondary producers at the reference temperature Tref and (r(T) represents the influence of temperature.
The predatory mortality, Gz, depends on the heterotrophic producers' concentration



,

where ez represents the predatory mortality (Scavia et al., 1976, Scavia, 1980).

Primary Producers

Primary production sinks and sources terms are



,

where F is the autotrophic producers concentration, ( the gross growth rate, r the respiration rate, ex the excretion rate, m the non-grazing mortality and G the rate of mortality due grazing.

(, the gross rate of phytoplankton growth is given by 
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where (max(Tref) stands for the maximum growth rate at a reference temperature Tref, usually 20 ºC, the light intensity must be optimal and there should not be lack of nutrients. The function ((T) is presented in the previous section. 

A Michaelis-Menten formulation was assumed for the nitrogen-limiting factor
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where kN is a constant that represents the substrate concentration at which ((N)=1/2. 

 is the useful concentration of inorganic dissolved nitrogen (ammonia and nitrate).

The light intensity limiting factor is modulated according to Steele (1962).



,

where Is stands for the best light intensity for photosynthesis and z for the vertical position. 

I(z) is given by
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I0
 is the effective solar radiation at the water surface, 

Kd
 is the light extinction factor, which is a function of particulate matter in suspension, including the phytoplankton’s concentration. 

The light attenuation factor, kd, is obtained according to Parsons et al. (1995)
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where Ch is the chlorophyll concentration, 

Integrating ((L) vertically, we obtain
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The respiration may be divided in dark respiration and photorespiration

r=re+rp,

being re the dark respiration and rp the photorespiration. 

Park et al. (1980) proposed, for the dark respiration



,

where ker is the Phytoplankton endogenous respiration constant. The photorespiration is proportional to the gross photosynthetic rate



,

being kp the proportionality factor.

ex, the excretion rate, is calculated taking in account that its importance is bigger when the solar radiation is either very low or very high (Collins, 1980)



,

where ke is a non-dimensional constant. 

“m”, the non-grazing mortality is, following a modified Michaelis-Menten formulation proposed by Rodgers and Salisbury (1981), proportional to the biomass of phytoplankton and inversely proportional to the gross growing rate (,



,

where km is a mortality semi-saturation constant and mmax(Tref) is the maximum mortality rate at a reference temperature. 

G, the rate of mortality due grazing, is given by



,

where, as mentioned above, gz and Z are, respectively, the net growth rate and concentration of the heterotrophic producers. E is the heterotrophic assimilation efficiency.

Nitrogen Dynamics

The concentration of the various forms of nitrogen present in the water column is achieved solving a system of 6 equations, one for each considered form of nitrogen. The system is shown beneath and the equations represent the evolution of ammonia (
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f1N is the inorganic fraction of the plankton excretions. fD is the inorganic plankton’s excretions dissolved fraction. eNF is the excretion rate of soluble nitrogen compounds by primary producers and eNZ the same for the secondary producers (see below). K1N the rate of hydrolysis of DON, k2N the nitrification rate, k3N the denitrification rate and kdet is the rate of the particulate nitrogen organic compounds decomposition.

Nitrogen is consumed preferentially in ammoniac form, being only in the lack of it that nitrate is used up. The photosynthetic assimilation rates for each of them are




and
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where 

 is the ammonia preference factor and (N:C is the nitrogen fraction in the phytoplankton composition, given by



,

kN is the already mentioned Nitrogen semi-saturation constant.
The DON hydrolysis rate is given by
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where MDON(Tref) is the reference decomposition rate and 
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 is the temperature coefficient.

The nitrification rate, k2N, is given by
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where 
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 is the reference nitrification rate, 
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 is the temperature coefficient, kn is the nitrification semi-saturation constant and O2 is the Oxygen concentration.

The denitrification rate, k3N, is given by



,

where 

 is the reference rate, 

 is the temperature coefficient and kd is the denitrification semi-saturation constant.

The particulate nitrogen organic compound decomposition rate is given by
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where MPON(Tref) and 
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 are respectively the reference rate and temperature coefficient.

eNF is the excretion of soluble Nitrogen compounds by primary producers, given by




and eNZ the excretion of soluble Nitrogen compounds by secondary producers



.

� In a more mathematical way we can state that due the non-linearity of populations intra- and inter-relations, the results of separate population studies are not sumable.
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