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1.    Project Status 

LONG-TERM GOALS: The overall goal of our research is to develop mathe- 

matical models that can be used to obtain a better understanding of the interactions 

between physical and biological processes in marine ecosystems. 

SCIENTIFIC OBJECTIVE: The general objective of this research is to develop 

physical-biological models that can be used to understand and quantify the processes' 

that contribute to the spatial and temporal development of nutrient and plankton 

distributions in the California Coastal Transition Zone (CTZ). An additional objective 

was to quantify general transport patterns and residence times for plankton populations 

around tall seamounts. 

APPROACH: Two time- and space-dependent, physical-biological models have 

been developed for the CTZ. The first of these considers only time and vertical processes 

at specific locations in the CTZ. The model food web components include: silicate, ni- 

trate, ammonium, two phytoplankton size fractions, copepods, doliolids, euphausiids 

and a detrital pool. The wavelength dependent attenuation of the subsurface irradiance 

field, due to sea water, phytoplankton pigment concentrations and dissolved organic 

matter, is incorporated as a depth-dependent energy flux which balances the phyto- 

plankton energy uptake and the kinetic energy flux into the water. The second model 

considers the three-dimensional, time-dependent structure of plankton populations in 

the CTZ. A three-dimensional primitive equation model, developed to simulate the 

circulation features (filaments) observed in the CTZ, is used to advect the food web 

constituents of the bio-optical model. The circulation portion of the CTZ models was 

also used for Lagrangian particle tracking studies in order to determine general transport 

patterns and residence times in the CTZ. 

Transport patterns and residence times around tall seamounts were investigated 

using circulation distributions obtained from a version of SPEM (Semi-Spectral Primi- 

tive Equation Model) that had been configured for flow over a tall Gaussian seamount. 



Numerous particles were released in the simulated flow fields at several depths up- 

stream and over the seamount. The particle trajectories were then analyzed to obtain 

transport directions and transit times. Some of the particles were given a behavior in 

order to simulate the effect of different migration strategies on particle retention around 

seamounts. 

TASKS COMPLETED: The one and three-dimensional combined biological, 

bio-optical and circulation models have been developed and implemented for the CTZ. 

The Lagrangian particle tracing experiments for the seamount simulations have been 

completed and the results analyzed. Also, this project supported one Ph.D. student 

and one M.S. student, both of whom successfully completed all requirements for their 

degrees in Oceanography at Old Dominion University. 

SCIENTIFIC RESULTS: The primary accomplishment from the CTZ modeling 

work is the development and implementation of a combined biological, bio-optical and 

circulation model. This model is the first of this type to be applied to coastal ocean 

processes. The Lagrangian calculations showed that Taylor Caps are important in 

retaining plankton populations over seamounts. 

SIGNIFICANCE: The combined biological, bio-optical and circulation models 

for the CTZ will likely serve as a prototype for future development of interdisciplinary 

models for coastal marine systems. The seamount Lagrangian particle simulations 

provided a better understanding of the relative contribution of circulation and biological 

processes to particle retention around these topographic features. 

2.    Students Supported 

This project provided support for one Ph.D. graduate student, Mr. John Moisan, 

and one M.S. student, Ms. Dorlisa Hommel. Moisan successfully completed the 

requirements for his Ph.D. degree in May 1993. He is now a research scientist at Scripps 

Institute of Oceanography. Ms. Hommel completed the requirements for her degree in 

December 1992. She is now employed at the Naval Research Laboratory in Stennis, MS. 
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