PHYTOPLANKTON ECOLOGY 
Size and scale

1. high surface to volume ratios lead to slower sinking rates, higher division rates, and faster responses to the environment; low surface to volume ratios gives the ability to store nutrients in bad times; these twin constraints result cells and colonies with remarkably similar surface-area-to-volume ratios 

2. viscosity of water becomes important a factor, sometimes leading to counter-intuitive results 

1. an ecological group, the neuston, exists attached to the surface of bodies of water 

2. Gonium swims perpendicular to the direction of motion (head-on, not sideways) 

3. thermoclines can represent real physical barriers 

3. water chemistry can change on the millimeter or smaller scale, over time intervals of seconds to hours 

4. concentrations of cells can go from 1 per liter to over 10,000 per liter in less than a week 

Physical environment 

· light and thermal stratification determine the depth at which phytoplankton can and do live, resulting a in chlorophyll maximum; stratification can lead to nutrient depletion in the epilimnion in the summer 

· water structure and sinking rates 

· sinking rate depends on gravity, the difference in the density of the cell and the density of water, and a measure of the size and shape of the cell; densities range from 1.02 to 1.05 (up to 1.3) grams per milliliter 

· adaptations to reduce sinking rate 

· small size 

· mucilaginous sheaths with density near that of water 

· development of spines and extruded fibers that change the shape (form parameter) 

· flagellated phytoplankton:  sinking rate is about 0.5 meters per day; can be in excess of 5 meters per day 

· diurnal migrations to lower levels have been observed, possibly to avoid light damage, possibly to pick up nutrients from lower levels 

· gas vacuoles in cyanobacteria 

· turbulence and its results 

· mixing -- required because algae can create zones of nutrient depletion; too much and cells disintegrate 

· Langmuir cells and concentrations of algae 

· patch movement due to winds and currents 

· regions of upwelling 

chemical environment 
· basic salts -- 34.8 grams per 1000 ml of seawater, much less in lakes 

· nitrates frequently undetectable in oceans, because turnover is so rapid; major sources are coastal runoff and upwelling 

· phosphates are frequently limiting, especially in freshwater systems; what is there is frequently in the form of dissolved organic phosphate, which is converted to dissolved inorganic phosphate through the release of alkaline phosphatases; most algae can store enough phosphate to last for several (up to 20) divisions 

 biological environment 
· competition for light and nutrients 

· the competitive exclusion principle and the paradox of the plankton 

· Tilman's model for competition for a single limiting resource and for multiple limiting resources 

· role of perturbations

· grazing 

· major herbivores include rotifers, cladocerans, copepods 

· ingestion rates, given by the biomass (cells) ingested per individual grazer per minute; depend on the rate at which water is filtered by the herbivore, the concentration of the target organism, and a selectivity coefficient indicating how easily the organism is filtered and consumed 

· rates of ingestion often exceed those of algae formation, leading to periods of clear water and almost classic predator-prey curves 

· parasitism 

· recruitment of spores from sediments 

