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ABSTRACT 

The efforts of the research supported by the Atomic Energy 
Commission under this contract are centered on a broad program of 
marine ecology in coastal ocean processes. The approach has been 
to examine growth features of the marine ecosystem, concentrating 
on how external environmental factors stress these organisms. The 
biological components of the ecosystem used in this study arp: 
plankton,' benthic algae and the heterotrophs. By way of estimate, 
these studies are about one-third completed. 

The plankton community has been sampled routinely for two years 
at the same locations in an attempt to identify the specific bio
chemical and oceanographic features that signal the onset of the 
blooms in both spring and fall. Associated with seasonal studies 
is an experimental program assigned to delineate the prime external 
factors associated with growth. Primarily due to the fact that this 
program is carried out in the temperate waters of the Gulf of Maine, 
the role of ocean temperatures on community growth processes has 
been given priority. The research to date shows that temperature 
is a prime parameter to develop a predictive growth model for any 
community. However, to assume that metabolic processes are some 
function of temperature is too generalized. The synergistic effects 
of temperature and other factors lieeds further research input. The 
personnel mentioned in the Fall summary are devoting full time to 
this program. 



1. 

PROGRESS REPORT 1973-1974 
Our group activities during the past year can be characterized 

as a combined laboratory and field operation directed toward studying 
the kinetics of growth in the coastal zone. Essentially, the thrust 
of the project is to ascertain how external factors such as tempera
ture, nutrients, salinity, and light affect the rate of growth. 
'In practice, this has entailed observing the seasonal sequence of 
plankton -abundance and physical and chemical factors associated with 
the water masses. In addition to the plankton studies, attention 
has been given to the influence benthic activities have on the 
biochemistry of the overlying water and the growth activity of the 
nearshore seaweeds. As a part of our field program, a great deal 
of time has been spent in field experimentation. These experiments 
have been designed primarily to ascertain the influence of specific 
external factors on "rate processes", such as photosynthesis, respira
tion, and decomposition. Our physical oceanographic interests continue 
to focus on the influence of hydrographic features in growth activities 
in the coastal zone ecosystem. Our concern has been how one can 
separate biological change from that due to the advective forces 
such as tidal and current patterns within the area. This has involved 
comparing rates of change of biochemical properties in. situ to 
experiments where change is measured in containers. 

During this year, four papers have been published and a number 
of papers are either in press or preparation. These papers are 
appended to the end of this progress report. What follows now is 
a brief review of the specific research ongoing under this contract 
support. 

Mr. Daryl Richter has ascertained the size spectrum of phyto-
plankton throughout the year in this region of the Gulf of Maine. 
Richter's method is to separate the plankton using different mesh 
filter sizes, and on the fractions he measures the rate of photo
synthesis, the amount of total carbon and chlorophyll, and identifies 
the species present. Most carbon fixed through photosynthesis is 
done by organisms of the 5-10 micron size range. Largest abundance 
of chlorophyll is also obtained in this size fraction. Percent 
carbon uptake and percent chlorophyll within each ,size range is 



calculated for each month with the exception of March and April, 
the months during which the spring bloom occurred, half-monthly 
averages were used. A significant finding is that during the 
spring bloom (March and April), the size range shifts to larger sizes 
(30-200 u). After the bloom, it returns to the 5-10 u range. Mr. 
Richter is presently completing his studies enumerating the organisms 
present within the fractions, as well as doing further chemistry on 
the fractions. 

A reasonably fast and reliable chemical meUiod has been developed 
by Dr. Navin Shah. Using this method, he has measured the seasonal 
appearance of glycollic acid in the Gulf of Maine over a period of 
6 months. It fluctuates between 0-80 jag/liter. Values of zero 
occur in January, when phytoplankton abundance was low. It appears 
that the concentration of glycollic acid is related to phytoplankton 
abundance. The concentrations of glycollic acid are generally higher 
nearshore than offshore in the Gulf of Maine. There is very little 
difference with regard to the vertical distribution of this substance. 
Dr. Shah's research will be aided by a joint cruise between the Naval 
Oceanographic Laboratory and members of this laboratory. He will 
join the research vessel MIZAR in Jamaica, and measure the distribu
tion of glycollic acid in tropical waters. Associated with Dr. Shah 
is Dr. Richard Wright of Gordon College. Dr. Wright has been 
interested in the measurements of substrate utilization by marine 
bacteria. His interests have centered around glycollic acid as a 
bacterial substrate. These kinetic measurements of the disappearance 
of glycollic acid, and Shah's measurement of the amounts present in 
water are directed toward understanding of the recycling of glycollic 
acid. 

Dr. Ian Morris has modified radioactive carbon fractionation 
techniques for use with natural populations. This technique allows 

14 the determination of the fractions of C carbon incorporated as 
protein as opposedsijfê polysaccharid-e. Drs. Morris and Clarice Yentsch 
have carried on extensive research into cultures stressed at various 
temperature and nutrient conditions to examine the appearance of 
carbon fractions within the cultures. In addition, the carbon 
fractionation technique has been applied to the seasonal study of 
phytoplankton. The primary aim of these researchers is to attempt 
to delineate the patterns of protein fixation as opposed to 



polysaccharide, and to assign this fixation to external factors 
such as water temperature, light intensity, light quality and 
nutrients. 

Dr. Christopher Martin has succeeded in isolating an extremely 
toxic dinoflagellate responsible for the red tide, Gonyaulax tamarensis. 
Dr. Martin and Dr. Clarice Yentsch have performed a number of environ
mental physiological studies using this organism to ascertain the 
growth characteristics of the organism. Although the organism appears 
to prefer;warmer waters, there is no real indication that such is 
the factor that causes it to bloom. The photosynthetic rate is 
markedly increased by the presence of a chelator (NTA), and this 
appears to be specific to this dinoflagellate. Studies using axenic 
cultures have shown that the common nitrogen sources are used only 
slightly during growth, and there is some indication that perhaps 
nitrogen is supplied through direct utilization of the chelator. 
The organism favors long daylengths, and has an optimum temperature 
of 18 C. In the natural bloom of 1972, the populations show features 
of nitrogen deficiency (and also produce alkaline phosphatase), yet 
do not show phosphate deficiency as measured by__.photphatase. The 
ability to produce alkaline phosphatase was confirmed. 

In an attempt to understand more concerning the formation of 
coastal waters, Charles Yentsch has developed a model which utilizes 
the physical forces of a major ocean current such as the Gulf Stream. 
The main feature responsible for coastal enrichment is an imbalance 
in the pressure gradient across the Gulf Stream. A coastal water 
mass is produced from deep water fed across the stream. This creates 
a slow-moving coastal current of reverse direction to the Gulf Stream. 

Dr. Edward Gilfillan has during the past year obtained some 
exciting results concerning the interrelationships between filter 
feeding and respiration in the presence of external stresses such 
as temperature and salinity. Gilfillan has primarily used the mussel 
Mytilus for his~ê xp15r''£m%nts. Gilfillan's dateer'SfidSw that under the 
external stresses of temperature and salinity, organisms become 
"imbalanced" in terms of their feeding and respiration rate. This 
is particularly apparent just prior to the rapid increase of 
temperature during the spring. During this time, when there is 
an abundance of phytoplankton, the animals assimilate very little 



of the ingested food. This shows up as a negative growth parameter 
(below compensation). This negative or low compensation level is 
changed rapidly as the waters warm up, and by mid-summer, a large 
net level is achieved. Gilfillan has concluded that this is the 
result of acclimating processes, that is, biochemical changes within 
the organisms' metabolism that must adjust to summer temperatures. 

Dr. Chris Martin has measured the concentration of ammonium ion 
in the interstitial waters of the sediments of Wilkinson Basin in 
the Gulf 6f Maine. The concentrations are some 10-100 times greater 
than that in the overlying water. There appears to be little or 
no change seasonally. 

The in_ situ work on F. spiralis conducted by Dr. Topinka thus 
far suggests that the decline in plant growth in August is due to a 
gradual onset of nitrogen deficiency during periods of decreased 
nitrogen availability. Water temperature and light records indicate 
no dramatic change during this time, which might account for the rapid 
decrease in growth. 

Without going into detail here, nitrogen deficiency was further 
investigated by chemostat experiments, where ambient sea water was 
supplemented with varying concentrations of ammonium and nitrate. 
At the end of this investigation, dark uptake of ammonium and respira
tory enhancement with ammonium were examined together with total 
nitrogen content and C/N values. -Growth was lowest in ambient sea 
water, with greater supplements of nitrate or ammonium resulting in 
greatly enhanced growth. This experiment was performed in August, 
and provides additional evidence that these plants were nitrogen 
deficient at that time. 

Growth was slightly better with nitrate than with ammonium, 
although final nitrogen content was higher with ammonium. The 
physiological indicators of nitrogen deficiency indicated the same 
pattern as the in situ studies. The dark uptak^^o^- aiam̂ ûm,,. method 
did not discriminate well between the various degrees of nitrogen 
deficiency exhibited in the various nutrient treatments. The 
respiratory enhancement with ammonium was .highest at low nutrient 
concentrations', and lowest at high nutrient concentrations, providing 
a more sensitive method for determining nitrogen deficiency in F. 
spiralis. \ 
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Along the lines of developmental instrumentation, Chris 
Martin, Charles Yentsch and William Owen have been involved in 
developing a fluorescent particle counter. This counter utilizes 
the light emission from living phytoplankton cells; (cellular fluores
cence) seen through microscopic optics, and viewed by a photomultLplior. 
The counts are tabulated as individual counts and sximmed over an .interval 
of time. The counting efficiency is about 30%. Steps are being taken 
to improve counting efficiency as well as eliminating =;ome of the 
mici'uycopic optics. 

William Owen and John Laird have also been in the process of 
buoy development. When put in place, the buoy would be an unattended 
platform for gathering biochemical and biological information on 
the plankton community. Basically, the unit uses "off the shelf" 
items. These items are presently being tested for their dependability 
in continuous operation. We feel that the use of an unattended buoy 
for biological properties allows the sophistication of making a 
continuous record of data. 



PARTICIPATION IN MEETINGS 
Dr. Navin Shah journeyed to the ASLO meetings m Salt Lake 

City and presented his findmgs on glycolic acid. He later lectured 
at several oceanographic institutions on the sciirie subject. Dr. E. 
Gilfillan was invited to present his findings at a symposium sponsored 
by the U.S. Coast Guard on oil pollution m the marine environment. 
Dr. Gilfillan also lee Lured at a number of meetings sponsored by 
fisheries interests in the area on the same subject. Charles Yentsch 
chaired a meeting of researcher's (from the Atlantic Coast on red tide 
and the organism Gonyaulax tamarens is at the Cat Cove Marine Lab 
in Salem, Massachusetts. Charles Yentsch took part in two meetings 
concerning remote sensing — one was held in Greenbelt, Maryland 
concerning methodology used in "ground truth" measurements; the 
other held at Wallops Island, Virginia concerning the use of lasers 
for inducing fluorescence in natural waters. Charles Yentsch also 
attended a symposium on upwelling held in Marseilles, France sponsored 
by,IfoP and 1D0E of the National Science Foundation. There he gave a 
paper concered with the geostrophic influences on upwelling. He 
has just returned from an TDOE coastal zone circulation meeting held 
in Annapolis, Maryland. 
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