ASPECTS OF ECOLOGY

1. basic concerns 

1. light 
1. Photosynthetic Photon Flux Density (PPFD) units: irradiance available for photosynthesis equals micromoles quanta per meter squared per second.  

      = mol photons m-2 s-1  
2. basic light curves: light compensation point, is a region of linear increase with initial slope alpha, saturation level, and photoinhibition. 

Photosynthesis versus Irradiance (P/I) curves to determine photosynthetic parameters: 
Ic (compensating irradiance, (mol photon m-2 s-1) 
R (respiration rate, µmol O2 mg Chl a-1 h-1)
α (photosynthetic efficiency, µmol O2 mg Chl a-1 h-1/ mol m-2 s-1)
Pmax (maximum rate of photosynthesis, µmol O2 mg Chl a-1 h-1)
Ik (saturating irradiance, (mol photon m-2 s-1) 
1. note: light curves for a species depend on growth conditions; shade adapted cells tend to have larger antennae and lower compensation points, and experience photoinhibition at lower irradiances 

2. numerous equations have been used to model the basic light curve 

example: P = Pmax (1-e-α I Pmax) +R  where  is the initial slope and I is the irradiance 

3. light aquatic systems 

1. decays exponentially with an extinction coefficient that depends on the wavelength of light and the types of material suspended in the water column 

1. the extinction coefficient for red and infrared light in pure water is about 2.0 per meter; for blue light it is 0.01 per meter -- only blue light reaches any great depth 

2. some algae can compensate for changes in spectral quality by changing quantities and complement of accessory pigments
2. the exponential decay plus the basic light curve lead to a vertical stratification in the water column 

1. there is a euphotic zone, where irradiance is above the light compensation point and an aphotic zone below; at midday, algae can be photoinhibited in the upper layers of the euphotic zone 

2. there is also thermal stratification into epipelagic (epilimnion) and bathypelagic (hypolimnion) separated by the thermocline (metalimnion) 

3. the two systems are related but not equal; thermal stratification is persistent, light stratification is transient 

2. nutrients 
1. major nutrients of concern -- nitrogen, phosphorus, and silicon 

1. nitrogen in the form of nitrates or ammonium 

2. phosphorus in the form of phosphates 

3. silicon in the form of silicates 

4. Redfield ratios for growth at maximum: 

C:N:P::106:16:1 (for diatoms C:Si:N:P::106:16:16:1) 

2. trace elements of concern: 
 iron (multiple enzymes), magnesium (chlorophyll), manganese (photosystems), zinc, copper, molybdenum, cobalt, calcium, potassium, sodium 

3. equations governing uptake 

1. Michaelis-Menton model of uptake:  
p = pmax{S/(S + Kt)}

where p it the rate of uptake, 
pmax is the maximum rate of uptake, 
S is the concentration of the nutrient, 

Kt is the half-saturation concentration

concentrations are in micromoles per liter, rate of uptake has units micromoles per cell per minute 

2. Monod model of cell growth based on nutrient concentration:  
m = mmax{S/(S + KS)}
where m is the growth rate 
mmax is the maximum growth rate

S is the concentration of the nutrient

KS is the half-saturation concentration for growth; 
concentrations are in micromoles per liter, growth has units per minute 

3. Droop model of growth as a function of internal nutrient stores:   
m = mmax{1 - Qo/Q)

where Q is the internal concentration of the nutrient 

Qo is some minimal concentration necessary before reproduction can occur; 
units for Q and Qo are micromoles per cell 

