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Introduction
The Woods Hole Oceanographic Institu

tion is a private, non-profit research institu
tion dedicated to broad research and
educational programs in all aspects of
marine science and technology. We have
five departments: Biology, Chemistry,
Geology and Geophysics, Physical Ocean
ography, Ocean Engineering and a Marine
Policy and Ocean Management Program.
Our ships and scientists work in all parts of
the world's oceans, often in cooperation
with colleagues from other institutions and
countries.

In recent years we have increased our
efforts in the coastal region and the scien
tific and policy aspects of that area. Sea
Grant has played a very important role in
this endeavor. Our increased focus in the

coastal zone has benefitted from inter

actions with citizens and local, state and
federal agencies, seminars and individual
research programs. The support from the
Office of Sea Grant has helped to initiate
many of these interactions and resulting
programs, both through its support of our
research projects as well as allowing us to
initiate new studies and, rapid response to
needs. The increased growth and broaden
ing of our Sea Grant program has had
extremely positive effects on other research
and policy efforts through the Institution.

During the past year we have had pro
grams in Aquacuiture, Living Resources,
Socio-Political Studies, Ocean Engineering
and Marine Environmental Research. For

the coming year our efforts will be primarily

in Coastal Zone - Biological, Geological and
Physical Aspects; Chemical Processes and
Pollution; Aquacuiture; and Marine Policy.

David A. Ross

Sea Grant Coordinator

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543
December 1978
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Environmental Research

The Marsh Biostimulation Project
John Teal and Ivan Valiela (M.B.L.)

Last year's efforts on the biostimulation
project were involved with background
studies for the stimulation experiment itself
which will be conducted in succeeding
years. We made an initial survey of the
productivity and nutrient exchange charac
teristics of four marshes along Buzzards
Bay. These were Great Sippewisset Marsh
and Herring Brook Marsh in Falmouth,
Pocasset Marsh and Back River Marsh in
Bourne. We measured production of Spar-
tina alterniflora by means of non-destructive
samples taken every two weeks. The ten
tallest plants on tenth square meter quad
rants placed randomly on the marsh were
measured and total above ground produc
tivity calculated by means of a regression
technique developed in previous years
during our work in Great Sippewisset
Marsh. Similar marsh types in all four
marshes exhibited the same productivity
which in turn was similar to that we meas
ured over the last seven years from control
plots at Great Sippewisset Marsh. (Fig. 1)
Herring Brook marsh receives considerably
more fresh water runoff, principally via a
fresh water stream that enters close to our
plots, than did the other marshes. Thus, on
the average, it is more brackish. It does,
however, revert to full bay salinity on every
spring tide. The equivalence of grass pro
ductivity at Herring Brook with the other
marshes supports our hypothesis that there
will not be a detrimental effect due to the
fresh water in sewage effluent that might
offset the effects of nutrients. The question,

of course, still needs direct experimental
investigation. We have compared the
growth rate of clams in the same four
marshes. We placed marked clams, Mer
cenaria mercenaria, in sand boxes in
creeks supported above the bottom and
protected from predation by wire screens.
Although mortality varied between marshes
to a small extent, there was no significant
difference in growth rates of the clams be
tween marshes (see figure 2).

The foregoing measurements indicate
that the marshes we have investigated for
our experiment are comparable and may
be used for either experimental or control
purposes. Although our present plan is to
concentrate our experiments on Great
Sippewisset Marsh, we will continue to visit
the other marshes occasionally for com
parative purposes.

We have investigated the ecological
behavior and occurrence of fish within the
various marshes. The occurrence of over
twenty-five species of fish has been noted,
including such important commercial or
recreational species as bluefish, eels,
striped bass and menhaden. However,
most of the work has been concentrated on
the small species of minnow-like fishes
that regularly come up into the smallest
marsh creeks at high tide. These fishes,
Menidia menidia, Fundulus heteroclitus
and Fundulus majalis, are in that order by
far the most abundant regular fish inhabi
tants of the marsh. (Fig. 3) Menidia, the
silversides, spends nearly all of its time in

the marsh creeks up off the bottom feeding
on plankton and detritus suspended in the
water itself. The two species of Fundulus
stay close to the bottom moving up the tidal
creeks as the tide rises, then into the grass
itself to feed at the highest levels of the tide.
This behavior pattern divides the resources
between the species. Further division
based on food habitats will be elucidated
when stomachs collected during the sum
mer have been examined.

We have also begun analyzing the dis
tribution and abundance of insects, Crus
tacea, arachnids, annelids and molluscs
living in the soils. These samples were
principally taken from the small scale
experiments that have been conducted
over the past eight years, sorted and iden
tified but not previously analyzed. They will
be extremely valuable in interpreting the
results of the larger experimental stimula
tion of productivity.We have also continued
to look at the distribution of heavy metal
pollutants in the small scale experiments
where stimulation was achieved by apply
ing sterilized sewage sludge. We have
examined the distribution in the marsh
sediment of lead, copper, manganese,
chromium, cadmium, zinc, iron, mercury
and nickel. The effects of these metals on
germination and growth of Spartinaalterni
flora are also being investigated experi
mentally to compare with the field results
which exhibit no measurable effects on
heavy metal contaminants on overall marsh
productivity.
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No, 2 Fuel Oil Spill in Bourne,
Massachusetts: Immediate

Assessment of the Effects on

Marine Invertebrates and a

3-Year Study of Growth and
Recovery of a Salt Marsh.
George R. Hampson and Edwin T. Moul

On October 9, 1974, the oil barge BOU
CHARD spilled an undetermined amount of
no. 2 fuel oil off the west entrance of the

Cape Cod Canal in Buzzards Bay, Massa
chusetts. Within the following 2 week
period, oil from the barge was found con
tained along the west side of Bassett's
Island and inner Red Brook Harbor. Quali

tative samples of dead and moribund
marine invertebrates were collected in

tidal pools and identified. Noticeable effects
of the oil on the salt marsh plant community
were also observed for a three-year period.
Sea Grant New Initiative Funding provided
us with the means to have our data properly
illustrated and eventually published in the
Journal of the Fisheries Research Board
of Canada.

We conducted a detailed quantitative
examination to determine the effects of the

oil on various components of the affected
salt marsh community in the effected area
compared to a selected control site. From
data collected 3 years after the mishap,
some part of the marsh grass in the lower
intertidal zone in the affected area has

shown an inability to reestablish itself by
either reseeding or rhizome growth (see
Figures 1 and 2). The associated sediments
showed a correspondingly high concentra
tion of petroleum hydrocarbons impregna
ted in the peat substrate. Erosion rates
measured in the affected area, as a result
of the 3-year period of marsh degeneration,
were 24 times greater than the control site.

BhotqcjFaph.of.the identifical site taken in.Sep-
u—*i^' 1.977, three years later. Note thjie total



Environmental Survey Design
and Statistical Consulting to
Sea Grant Programs
Woollcott Smith

This year's work emphasized a time
series approach to environmental survey
design, and a statistical consulting service
was begun. The statistical consulting ser
vice was set up to aid individual Sea Grant
investigators within the Woods Hole pro
gram, and also to advise state and local
organizations on environmental sampling
and data analysis problems.

Scientists working in the coastal and
estuarine waters are faced with difficult

sampling and data analysis problems.
Important processes in this environment
cannot be observed directly and in detail,
as one might observe a field or forest.
Observations are limited to samples taken
with equipment such as plankton nets and
bottom corers at fixed points in space and
time. Collecting and analyzing these
samples is both expensive and time con
suming. The goal of both the survey design
project and the statistical consulting pro
gram is to increase the information gained
from these coastal and estuarine field
studies.

The statistical consulting activities
included, at various levels, most of the
projects within the Woods Hole Sea Grant
program. Fish populations in oiled and
uncontamined marshes were analyzed
statistically to determine differences in
enzyme activity and histopathology. Liver
size and body weight were used as control
for some of the natural variability in enzyme
activity within populations. Other activities
included assistance in the analysis of tag-

recapture data for a study of eel populations
on Cape Cod, and aid in the design and
analysis of the economic and social survey
of New England fisheries conducted in the
Marine Policy Program. We also worked
with several groups outside of the Woods
Hole Oceanographic Institution, including
the Town of Falmouth on flood level estima

tion and the Massachusetts Division of
Fisheries on the interpretation of environ
mental survey data.

The goal of the environmental survey
design study is to provide both quantitative
and qualitative tools for evaluating the
effectiveness of existing and proposed
survey programs in the marine environ
ment. Major results of this work were pub
lished in Estuarine and Coastal Marine
Science this year. In addition, using weight
ed regression techniques, we have de
veloped a set of qualitative rules for judging
the effectiveness of baseline surveys.
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Biological and Physical Control of
Erosion at Hie Sediment-Water

Interface in Estuaries
Larry F. Boyer

The objective of this project is to create a
predictive model for the seasonal erosion
or preservation potential of features at the
estuarine sediment/water interface.

Studies of the erosion and transport of
sediments, both natural and artificial, have
been conducted for years. They have his
torically indicated that the dominant sedi
ment parameter associated with erosion is
the sediment grain diameter, and the co
hesive or noncohesive nature of the par
ticles. Recent observations indicate that
biological components — mucus, pellets,
etc. — and the activities of the organisms
themselves — can control the erosion
resistance of the immediate sediment/
water interface. Therefore, experiments
were conducted with natural, undisturbed
cores of the estuarine interface in a recircu-

T°CURVE

lating saltwater flume to determine the
seasonal effects of organisms and their
products on sediment erosion (initiation of
sediment motion). These studies were
conducted on samples from Barnstable
Harbor, Massachusetts; run at Yale Univer
sity in a flume provided by Dr. D.C. Rhoads.
The flume was maintained at 20°C and 35%

salinity. Particles were observed with a
wide binocular scope trained on the inter
face.

CALVES PASTURE

POINT GENERAL

The preliminary results indicate there is
a seasonal trend in the erosion of the
sediment/water interface and an asym
metry in erosion potential (giving high
potential at ebb tide) due to meiofaunal
reworking of the sediments. A conceptual
model of the results is shown in the figure
below.
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Grain Size in Laminae
of Beach Sand
K.O. Emery

Beach sands have long been known to
contain many laminae that differ in grain
size and mineral content. General observa

tions and laboratory analyses show that the
fine-grained laminae contain most of the
dark heavy minerals (magnetite, ilmenite,
garnet, etc.), and the coarse-grained
laminae contain most of the light minerals
(quartz, feldspar, and calcite). The differ
ences in mineral composition and grain size
appear to be due to differences in compe
tence of the fast landward rush of wave
swash followed by the slower oceanward
return of the water. An additional important
control of erosion-deposition (and thus of
laminae) is the position where the water
table intersects the beach surface. Land

ward of the water table outcrop the back
wash is lessened by the amount of water
that escapes into the sand, whereas ocean-
ward of it the backwash is augmented by
escaped groundwater. In effect, this means
that erosion by swash is concentrated sea
ward of the water table at the time of the
swash, and deposition is concentrated
landward of it. Laminae are to be expected
only above the water table on the foreshore.

Simple hand lens or binocular observa
tions of grain size are sufficient to describe
vertical grading and general structure of
laminae but collection of individual thin
laminae for precise laboratory analysis is
difficult. Use of a small corer having a piston
controlled by a screw-in drive shaft permits
the collection of a series of thin (1.67 mm)
slices of sand deposits. (See figure).

Several slices are required to penetrate a
single coarse or fine-grained laminae on
foreshores of beaches. Grain-size analysis
of the sand in each slice by settling tube is
followed by computation of statistical para
meters. The results show that the slices

have a much broader range of median
diameter, are better sorted, and are more
positively skewed than are those for a
composite core of the same sands. This
means that investigations of beach-sand
sources and of hydraulic conditions of
erosion and deposition based upon sand
texture may be better served by analysis
of laminae than of total sample.

The results of this study yielded several
conclusions concerning laminated beach
sands:

1. Lamination due to swash appears to
be restricted to the foreshores, absent in
the offshore, and generally absent on
berms.

2. Differences in textural parameters
between coarse laminae and fine laminae
are great enough to (a) require better
sampling of foreshores than is permitted
by previous methods, particularly when the
intent is to investigate sources of the sands
or hydraulic conditions of deposition, (b)
influence patterns of textural parameters
in grids or along lines of beach sand sam
ples, (c) cause anisotrophy in permeability
of the sand, and (d) permit depth variation
of total heavy minerals (and microfossils)
and the ratios between minerals or micro-

fossils of different specific gravity or shape.

3. Phi shewness measures for most

laminae are positive, and for composite
foreshore samples slightly less positive.
Earlier findings of typical negative skew-
ness for beach sands may have been
based upon samples from beaches con
taining dominantly fine-grained laminae
as well as upon analysis by sieving.

Sedimentologists who may believe that
the above results are different from those

obtainable by sieving or by other statistical
treatments are encouraged to test their
preferred methods on new samples. In the
process they will broaden and extend geo
graphically the inquiry into laminae within
beaches and other sedimentary deposits.

9
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Volatile Organic
Compounds in
Coastal Seawater
P.M. Gschwend, M. HulburtandO.C. Zafiriou

Under Sea Grant new initiation funding
we have continued to analyze surface
waters from the vicinityof Chemotaxis Dock
near Woods Hole on a bi-weekly or more
frequent schedule. Using newly developed
methods (Schwarzenbach et al, 1978), we
are able to quantify and identify a wide
variety of trace organic compounds, includ
ing about fifty different substances of vary
ing chemical structure. Some of these
substances appear to have natural sources
while others are anthropogenic. It is often
not easy to resolve the anthropogenic vs.
natural origin question.

Figure 1 shows 15 months of data on the
abundance of 1, 2-dimethyl-benzene
(ortho-xylene); this compound is abundant
in many oil-derived products and has no
known natural sources. For two years run
ning a pronounced spike above the "back
ground" level was found after Memorial
Day weekend, a period of intense traffic
on Cape Cod. We thus strongly suspect that
automobile and/or small boat traffic are the
major source for this pollutant material.

Evidence for a "weekend effect" was

sought by plotting the level found against
day of the week (sampling varied during the
15 months). There is a clearly discernible
trend towards high Monday values and a
rapid decline to the 10 ng/1 level during the
week. A part of the orthoxylene input in our
area is thus indisputably anthropogenic
and must derive from the tourist industry.
Whether the "background" derives from
everyday traffic levels or from some other

30-,
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source is harder to determine, but further
studies of this kind should be most reveal

ing.
We have assigned to a natural source

one of the major compounds seen at this
site, aldehyde tridecanal. During February-
March, 1978 there was a strong peak in
tridecanal concentration in the water, which
rose to over 100 ng/1. Concentration of
chlorophyll a in the water simultaneously
peaked, suggesting that the source might
be a marine phytoplankter. Cell counts
showed algae present to be 85% Thalas-
siosia nordenskioldii, a diatom which may
well be the source of this compound. The
cell count, chlorophyll level, and aldehyde
(do-decanal and tridecanal) levels are
shown in Figure 2. We do not understand
why any marine organism would make and
excrete these substances, nor are we sure
that the predominant organism must be the
source. The same species or a related one
may be producing much smaller amounts
of the closely related compound dodecanal.

These two instances reveal how trace
chemical observations can be combined
with other information about the coastal
zone to understand some of the processes
chemically affecting the water there. Con
tinued observation is required in order to
test our hypothesis further. For example,
future sampling schedules will be inten
sified near holiday weekends, and we shall
see whether next year's Thalassiosia
nordenskioldii blooms are directly accom
panied by large aldehyde increases.

It is also noteworthy that the peak levels
reached in the waters by a compound with a
strong biological source are similar in
magnitude to levels reached on busy week
ends by the anthropogenic input ortho
xylene.
Reference:
Schwarzenbach, R.P., R.H. Bromund, P.M.
Gschwend and O.C. Zafiriou, in press. Volatile
organic compounds in coastal seawater: pre
liminary results. Organic Geochemistry.
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Source and Fate of

Urban Estuarine Sediments -
Boston Harbor
John D. Milliman, Marshall Orr, Michael Fitzgerald and

Jeffrey P. Ellis

By their nature, urban estuaries are sub
jected to a variety of human pressures.
Boston Harbor is perhaps unique in New
England in that its major source of both
"fresh" water and sediment is from sewage
treatment outfall. To examine the move
ment of anthropogenics, organics, and
contaminants through this urban estuary,
we initiated a two-year field program, the
first year of which emphasized the study of
suspended particulates, seismic surveying,
and sampling of the sedimentary record.

Suspended matter sampling and water
column measurements — temperature,
salinity, dissolved 02. and nutrients — at
eight stations delineate tidal and seasonal
variations within the system. Particulate
concentrations vary from 0.5 mg/L to 10.0
mg/L, with tidal variations often equalling
seasonal changes. Laboratory and scan
ning electron microscope analyses of the
particulates suggest the importance of
organics in the transport of heavy metals.

A 200 kHz profiling system enables
delineation of the spatial distribution of
particulates and tracing the development
and dispersal of the outfall plume. Over
100 nautical miles of seismic (3.5 kHz)
lines define the bottom morphology and
subbottom characteristics. These data

aid in identifying the erosional and deposi-
tional provinces, and help in interpreting
the late Holocene history of the harbor.
Several areas display turbidity - coincident
with bottom sediments containing high
organic and trace metal concentrations.

To examine the pollution history of the
harbor, 5 harbor sites were cored using a
hydrostatically damped corer. The sedi
ments recovered were primarily dark,
anerobic muds with traces of H2S. Sedi
mentation rates from Pb210 "dating'- were
as high as 0.5 - 1.0 cm/yr. - very high,
considering the relatively low suspended
matter concentrations. Heavy metal con
centrations show gradual increases since
about 1900, a further indication of increased
pollution within the harbor.

Figure 1 — 200 kHz profile showing the distribu
tion of particulates within the water column off
the Deer Island outfall in Boston Harbor. The

bottom (and a secondary echo) are delineated
by the letter B. Note both the heavy concentra
tion of suspended particulates in the surface of

An interesting sidelight has developed
from the suspended matter observations
in this and related projects. Carbonate
laths (both calcitic and aragonitic) occur in
suspension in nearshore and shelf waters
during winter months. These laths appear
to come from the degradation of mollusc
shells by winter storms. Coincidence of
these suspended carbonate laths with
bottom molluscan debris suggests relatively
little lateral transport. Laths either settle
out of suspension or are dissolved.

the water, seemingly emanating from the bottom
(arrow at the right). Note also the concentration
of particulates at approximately 10 meters water
depth (arrow on the left) suggesting either settl
ing from the surface or introduction of new
material from another source.

11
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A New Method for Characterization

of Marine Organic Material in the
Water Column and in Sediments
By Jean Whelan

The objective of this work is to develop a
method for characterizing small samples
(0.1 - 300 mg) of marine organic matter
utilizing the techniques of gas chroma
tography, (GC) - thermal distillation and
GC-pyrolysis. The former is designed to
recover volatile, organic molecules ab
sorbed onto the particles without significant
alteration. The latter cracks the molecules
and uses the molecular patterns of cracked
products for identification. Such techniques
are potentially faster, less expensive, less
subject to contamination, and of wider
applicability than conventional extraction
procedures.

Technique development is nearly com
plete. A flow diagram of the instrument as
currently set up is shown in Figure 1. We
can currently analyze compounds with
volatilities in the range of C-| to C20 hydro
carbons via capillary GC. The compounds
can also be trapped on a solid absorbant
(TENAX) for later further analysis by GC-
mass spectrometry, ifdesired.

Examples of the type of data available
from the analysis is shown in Figure 2. Fig
ure 2 shows a plot of hydrocarbons evolved
as the sample is heated for a fuel oil spiked
sediment versus a non-polluted marine
sediment containing a very high (11%)
organic carbon content. The relative areas
of the low temperature peaks represent the
relative amounts of absorbed hydrocarbons
in the two samples — low for the non-
polluted sediment and high for the fuel oil
spiked sediment.

Work has started on testing some of the
possible uses of the method. These include:

1) Seeing if a specific area is polluted
with anthropogenic organic compounds.
A shipboard version of the analysis would
be very useful, in environmental studies—
for example, in determining where samples
should be collected for further analyses.

2) Delineating types of particles, such
as marine organisms or fecal pellets, on
which organic pollutants are carried.

3) Characterizing small organic-rich
particles by pyrolysis. The method has
been applied to several marine sediments,

as mentioned above. In addition, it was
applied to some fossilized fecal pellets
isolated from a deep ocean sediment. No
other chemical analytical methods were
applicable since only a few mg of each
sample were available. The cracking pat
terns of the pellets were identical. In addi
tion, another mysterious particle in the
sediment was also tentatively identified
as a fecal pellet because of a similar pyro
lysis pattern. The pattern did not resemble
that of the bulk of sediment or of diatoms
isolated from the sediment.

- CHEMICAL DATA SYSTEMS.
REACTION SYSTEM 620
(THERMAL 0ISTILLATION
PYROLYSIS UNIT )

Figure 1 — Schematic diagram of gas chroma-
tography-thermal distillation pyrolysis apparatus
(4-portvalve in C, - C6 analysis mode).

FLAME IONIZATION

VARIAN 1700GAS/
CHROMATOGRAPH ^

HIGH TEMPERATURE
PEAK

(PYROLYZED
HYDROCARBONS)

LOW TEMPERATURE
PEAK

(ABSORBED
HYDROCARBONS!



The interactions between Chemical
Species and Phytoplankton Growth
in Natural Water Systems.
Joel C. Goldman and Peter G. Brewer

Our work carried out with new initiation
funds, is a continuation of our previous
study (Brewer and Goldman, Umnol.
Oceanogr. 21: 108, 1976) in which we
showed that alkalinity changes in seawater
could be mediated by phytoplankton
assimilation of cationic and anionic nitro-
geneous nutrients. We showed that a virtual
one to one stoichiometry existed between
ammonia (NH+4) uptake and alkalinity
reduction and between nitrate (NO*3)
uptake and alkalinity increase. One un
expected feature of our results was that
there was a constant acidic offset, suggest
ing that the phytoplankton were excreting
organic acids, quite possibly glycollicacid,
a known excretory product of marine phyto
plankton.

In our new work we were able to demon
strate that the apparent acidic offset we
observed in the earlier study was reallyan
artifact of our filtration process during the
preparation of culture samples for the alka
linity titrations. Culture samples were first
filtered through glass-fiber filters that had
been pre-rinsed with distilled water. On
passing sea water through the filteran ion-
exchange reaction occurs, schematically
given by:

OH

Si I +Mg
*OH

-£ Si Mg + 2H"

one to one relationship between both nitrate
and nitrite (NO"2) uptake and alkalinity
increase and ammonia uptake and alkalini
ty decrease for the marine green alga Duna-
liella tertiolecta grown in continuous culture
(see results in Figure below). In addtion,
with the uncharged nutrient urea as the
nitrogen source, there was no change in
alkalinity regardless of quantity of urea
assimilated. Similarly, there was no effect
of phytoplankton growth rate on the stoi
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chiometry between alkalinity change and
nitrogen assimilation.

With these careful observations we are
able to set limits on acid production by
phytoplankton. One widely held belief is
that growing phytoplankton excrete gly
collic acid, and this would certainly be seen
in our studies. Our work shows that this
acid excretion does not occur, though
excretion of a salt, such as sodium glycol-
late, cannot be ruled out.

and resulting in reduction of the filtrate
alkalinity.

With corrections made for the acidic
offset, we observed that there was a distinct
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Sedimentary
Framework of

Georges Bank
E. Uchupi and J. Austin

The sedimentary framework of Georges
Bank has been reconstructed using all
available geological and geophysical
information in order to determine its econ
omic potential. Two major sedimentary
sequences can be distinguished. The lower
"rift" sequence occurs within grabens and
half-grabens entrained into a Precambrian/
Paleozoic basement terrain. The rift struc
tures are oriented northeast-southwest,
roughly parallelling the Paleozoic struc
tural trend. On land the graben-fill consists
primarily of coarse-grained fanglomerates
and fine-grained flood-plain deposits of
Late Triassic-Early Jurassic age. In the
rifts offshore, evaporites may form part of
the fill, as is suggested by the occurrence
of a possible diapir in one of the Triassic
basins immediately north of Georges Bank.
Detailed work in the Gulf of Maine indicates
that the rift structures are a product of
regional uplift and tensional fracturing
associated with the initial stages of de
coupling of the North American and African
continents in the Late Triassic. At the time
of actual continental separation in the Early
Jurassic, the rifted arch was eroded and
large quantities of sediments were deposit
ed within lows on the shelf seaward of a
basement "hinge zone" which probably
represents the decoupling plane (see
profile 21. Reflector "K" is the
unconformity created by this erosional
episode.

Above "K" is the "drift" sequence, which
consists of all sediments deposited after

Vift
'PflE-TRIASSICBASEMENT OOMPLCX

TIUC IN MOUHS

the completion of continental separation in
the Early Jurassic. This sequence is asso
ciated with gradual margin subsidence as a
result of lithospheric cooling and sediment
loading. It exhibits its greatest thickness
in the area of the outer shelf and upper
slope. Deformation of the drift sequence is
restricted to salt intrusion, compaction
over basement blocks, and the reactivation
of basement faults. The oldest sediments of
this sequence consist of red-bed conglom
erates and shales, the products of rapid
deposition associated with the massive
erosional cycle which produced "K". Over
lying these nonmarine sediments are Early
Jurassic evaporties, reefal limestones
(along the present shelf-edge), and lagoon
al limestones and dolomites. The lagoonal
carbonates grade northward to marls,
shales, and sandstones. Seaward of the

"Y\
WE-TRIASS'C » V ^
BASEMENT

Single (slope and rise) and 6-channel (shelf)
seismic reflection profileson Georges Bankand
the Scotian Margin. Profile 21 and 46 are from
the eastern end and western ends of Georges
Bank, respectively. Reflector "K" separates the

Line 21

reef complex, fore-reef deposits interfinger
with pelagic limestones and shales. Middle
Jurassic elastics are succeeded by wide
spread shelf carbonate and marine shale
units of Middle and Late Jurassic age. A
long period ofdiastrophism beginningat the
end of the Jurassic and culminating with
the separation of Europe and North Ameri
ca at 110 my BP caused large portions of
the New England margin to be uplifted. A
consequent rejuvenation of sediment
source areas led to widespread regression
and progradation of Early Cretaceous
clastic wedges. The influx of terrigenous
material inundated and killed the reef which
had flourished on the continental slope
south of Georges Bank. At the same time,
submarine canyons were cut into the reef
front by turbidity currents. The EarlyCreta
ceous regressive phase was succeeded by

ffT"

underlying "rift" sequence from the "drift" se
quence. Line 21 demonstrates the Mesozoic
reef complex that forms the foundation of the
continental slope and the "hinge zone" along
which continental separation took place.



a Late Cretaceous transgression during
which limestones and chalks were de

posited. Another major regression occurred
in the latest Eocene-earliest Oligocene,
apparently the result of eustatic lowering of
sea-level in response to the onset of Antarc
tic glaciation. As in the late Early Creta
ceous, turbidity currents excavated can
yons on the continental slope from the
Grand Banks to as far south as the Blake
Plateau. Some of these canyons have
deep-sea extensions hundreds of kilo
meters offshore. The Oligocene regression
is represented in the western North Atlantic
basin by the regionally recognizable seis
mic event known as the Horizon A complex,
and specifically by the Au unconformity as
described by Tuchoike (in press). Atop
Au, terrigenous wedges produced by both
downslope and contour current deposition-
al mechanisms compose the continental
rise and the outer ridge systems. The
uppermost part of the margin's drift se
quence is complicated by eustatic sea-
level fluctuations associated with latest
Miocene-Holocene continental glaciation.

Now that the reconstruction of the

Georges Bank stratigraphy is complete,
the second phase of the investigation is
underway. Facies maps of the units com
posing the "rift" and "drift" sequences are
being compiled. Particular emphasis will
be placed on the Late Jurassic-Early Cre
taceous clastic wedges, because it is felt
that these sediments have the greatest
source and reservoir potential.

Paleotemperatures and
Paleosubsidence of Continental

Shelf Sediments
R. Von Herzen, L. Royden

Passive continental margins have been
shown to subside with a 50 million year
exponential decay which cannot be ex
plained by isostatic compensation for
sediment loading. The similarity between
this curve and the depth-age curve for older
ocean floor strongly suggests that the
subsidence of passive continental margins
results from thermal contraction of the
lithosphere. Two simple geologic models
for continental break-up (1) attenuation
(thinning) of continental lithosphere by
stretching and (2) injection of mantle
material via thin, vertical dikes, produce
thermal subsidence compatible with ob
servational data for the eastern seaboard
of North America. At present it is not clear
which of these mechanisms dominates
margin formation; both produce essentially
the same subsidence history, but differ
radically in estimates of initial heat flow.

Ifmarginal evolution can be explained by
a combination of these mechanisms, the
paleo-heat flow must lie somewhere in the
range bounded by the two extreme models.
In particular, heat flux vs. time can be esti
mated directly from thermal subsidence,
i.e., subsidence not due to sediment load
ing. If sedimentation history is well known
and estimates of thermal conductivity can
be made throughout the section, tempera
ture vs. time can be calculated as a function
of depth. In most instances, time/tempera
ture reconstructions are not strongly
dependent on the exact mechanism of
continental break-up, providing that the

thermal regime is dominated by simple
thermal expansion/contraction of the
lithosphere.

The thermal history of continental
shelves, sedimentary basins and the deep
sea has particular relevance to the forma
tion of petroleum hydrocarbons. Although
many factors contribute to organic meta-
morphism, the process is primarily depen
dent on the integrated time/temperature
history of the buried organic material. By
theoretically reconstructing temperature
vs. depth from the two geologic models
mentioned previously, we were able to
calculate the state of thermal alteration in
two regions; the eastern end of the Falkland
Plateau and a section across the Eastern
Atlantic margin near Cape Hatteras. In
general, there appears to be significant
thermal potential for generation of oil and
gas on the continental rise, seaward of the
rise and in some deep sea sedimentary
basins.
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Living Resources

Histopathology of Marine Fish
Exposed to Organic Contaminants
John S. Stegeman and Richard E. Wolke (URI)

Establishing cause and effect relation
ships between environmental contamina
tion and subtle sublethal responses in
marine organisms is very difficult. Identify
ing specific pathological lesions or bio
chemical alterations associated with

environmental contamination is of funda

mental importance to the eventual under
standing of the significance of such con
tamination and the discovery of cause and
effect relationships.

Our study of fish histopathology was
undertaken in conjunction with a study of
mixed-function oxygenases in fish from
clean and contaminated environments.

The. aim of the research was to identify
associations between the presence of
organic pollutants, specific pathological
lesions, disease prevalence, and altera
tions in mixed-function oxygenases,
enzymes which initiate metabolism or
biotransformation of many foreign organic
compounds. A further objective was to
estimate the validity of using any identified
alterations or lesions as indicators of
environmental contamination, and to

provide an assessment of the health of
fish in contaminated environments.

A common marsh minnow (Fundulus
heteroclitus) was sampled from eight sites
in Massachusetts and Rhode Island. Five

of these sites were known to be contami
nated by organic compounds and three
were believed uncontaminated. Twenty
tissues were examined in each of the

several hundred fish sampled from these

sites. Several differences were found
between the various groups of fish. There
was consistently a much higher incidence
of infectious and parasitic disease in fish
from the contaminated sites. Particularly
striking were differences in hepatic coccidi-
osis which was virtually absent in fish from
the cleanest site and very high in fish from
contaminated sites. There were also differ

ences in incidence of lesions which may
have been caused directly by the chemi
cals. Only the fish from contaminated sites
showed a degeneration of cells along the
lining of the foregut.

Differences in the rate of metabolism of

foreign compounds, like the aromatic
hydrocarbon benzo[a]pyrene, were also
noted between fish from clean and con

taminated marshes. Those from the latter

sites had elevated levels of benzo[a]pyrene
hydroxylase and aminopyrine demethy-
lase, and also of cytochrome P-450. the

Common mummichog (Fundulus heteroclitus).
Maryland. From Jordan and Evermann. Drawing
by A. H. Baldwin.

protein responsible for catalyzing these
activities.

We are further studying the associations
between environmental contamination

and the observed biochemical and mor

phological changes. While certain histo-
pathological lesions may be used to access
the health status of fish, the origin of such
lesions may often be obscure, particularly
when identified in natural populations. Fluc
tuations in the incidence or severity of such
lesions can occur with season, sex, and

age, as well as with environmental con
tamination. Before suspected lesions or the
levels of certain enzyme activities can be
used as indicators or diagnostic tools, the
influence of such factors must be deter

mined.



Interactions of Fluviatile
Salmonid Species
R. J. Gibson

Studies in a stream tank have now been
completed on the behavioral interactions of
juvenile Atlantic salmon (Salmo salar),
coho salmon (Oncorhynchus kisutch),
brook trout (Salvelinus fontinalis) and
steelhead trout (Salmo gairdneri). Final
analyses have not yet been made, but
preliminary analyses and general observa
tions suggest the following results.

With all species, the channel with the
medium flow (10-20 cm/s) was the pre
ferred area, and the dominant fish chose
the upstream station. Generally, larger fish
displaced smaller fish regardless of spe
cies. However, Atlantic salmon were more
aggressive than coho and were able to
displace coho of the same size, or slightly
larger. When these two species were tested
together, Atlantic salmon displaced coho
from the medium and fast channels into
the pool. Atlantic salmon were more
aggressive than brook trout, but steelhead
trout were more aggressive than Atlantic
salmon. The ecological equivalent of
Atlanticsalmon on the West coast appears
to be juvenile steelhead, and of brook trout
the coho, so that severest competition
might be expected between these pairs.
Atlantic salmon parr were the least buoyant
and were the only species that normally
kept contact with the substrate in fast water.
This species would be expected to be most
efficientat using resources infast water and
would probably displace the other species
from this habitat by exploitation. Experi
ments were carried out at 7°C, 15°C, and

20°C. Aggressive activity was positively
related to the temperature.

Oblique view of experimental stream tank, with
4 ft. wide channel on left, 2 ft. wide channel on
right and 5 ft. wide pool at top.
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Eels in
Cape CodWaters
Richard L. Haedrich and
Pamela T. Polloni

The fishery for eels {Anguilla spp.) is an
extremely important one, worth over $200
million annually on a worldwide basis. In
the United States, the fishery has been
marginal, practiced by only a relativelyfew
people with the catch going almost entirely
to exporters, but, because the U.S. eel
populations represent the last unexploited
stocks, there is here an economic resource
of unknown but certainly considerable
dimension. The purpose of our Sea Grant
research has been to gather, in one typical
coastal environment, data on the abun
dance, growth rate, and population struc
ture of eels. These data are vital in planning
for a rational use of the resource.

An important goal is to be able to predict
the number of eels that occur in an area. We
have chosen to investigate whether some
simply measured physical parameter might
correlate well with eel abundance, and thus
serve as an order-of-magnitude predictor.
During our first year working in two salt
marshes, we have concentrated much
effort in determining absolute abundances
by the time-consuming and laborious tech
niques of mark-and-recapture and by fish
ing out restricted areas. Wefind, and these
findings repeat themselves in the work
continuing now in the second year, that the
amount of linear shoreline has an excellent
correlation (r = .99) with the number of
eels present (see figure). Since we know
that eels are both active in the night and to
an extent territorial, such a finding repre
sents a reasonable expectation. Thus, for
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coastal environments in New England, we
can tentatively offer the relationship shown
in the figure as a simple way to estimate
local eel abundance.

It is also important to know the size and,
particularly, the growth rate of the eels. To
determine these parameters is another of
our goals. The data comes from our catch
statistics, the growth of marked individuals
over time, and from size versus age as
determined from otoliths. The trapable eels
in our areas, which are not entirely free
from exploitation, average 52 cm in length
and 270 gm in weight. Growth rates are
very slow. Our average eel is about 10
years old and is gaining about 2 cm (5%) in
length per year.

The fact of this slow growth, coupled with
the particular vulnerability of eel popula
tions to exploitation by simple methods,
means that the resource can be readily
diminished, and, even more importantly,
once diminished will not restore itself
quickly. The situation is quite similar to that

in lobsters. Clearly, frameworks for man
agement should be thought about before
over-exploitation occurs, and in this regard
we are glad to see that Massachusetts has
recently passed certain legislation pertain
ing to the taking of eels. We played a
modest part in the development of these
new laws, which are designed to regulate
the fishery for adults, prohibit the taking of
elvers for export, and encourage eel aqua-
culture.

During the firstyear, we relied heavilyon
small plastic dart tags for marking eels.
These were not without their problems.
Many eels developed large festering sores
around the tags, withthe result that the tags
fell out within a month or so. This was
especially so for eels tagged during the
warm summer months, and we cannot
recommend such tags for warm-water
work. Eels marked in the late fall, when the
water is cool and the eels are about to go
into winter hibernation, show much better
tag retention.



Socio-Economic and Legal Studies

Marine Policy and Ocean
Management Program
Robert W. Morse

This Program has two purposes:
• To stimulate links between the scientific

efforts of the Institution and the social,
economic and political problems of the
oceans, and

• To offer postdoctoral research opportuni
ties for professionals in policy-related
fields in which they are involved with
marine problems emphasizing the rela
tion of science, technology and policy.
The Program in 1977-78 included two

Research Associates and eleven post
doctoral Fellows. These individuals pur
sued independent projects and, in addition,
participated in cooperative projects with
members of the Scientific Staff. In 1977-78
these projects included:
• environmental impacts of large-scale

algal biomass systems,
• biomass energy from the oceans as an

alternative energy source,
• a study of changing public attitudes

toward cetaceans,
• systems model application to experimen

tal design in aquacuiture,
• input-output analysis of a salt marsh,
• a review of laws relating to the introduc

tion of exotic species,
• a review of marine policies in Latin

America,
• regulations regarding the use of drilling

muds in OCS development and their
scientific bases,

• a sociocultural analysis of a New Eng
land fishery cooperative,

• definitions of boundaries in state C.Z.M.
plans,

• identification of environmental para
meters for Buzzards Bay,

• New England fishing, processing and
distribution

• applicability of predator-prey models to
fisheries management,

• case studies of the economic effects of

limiting entry to fisheries,
• ocean science planning in the USSR:

case study of the Polymode program.
Some of these studies were in support of

other projects within the Woods Hole Sea
Grant Program, such as the project on the
enhancement of salt marsh productivity.

Plans have been made for the second

phase of an international aquacuiture pro
ject aimed at understanding the social,
economic and cultural factors controlling
the success or failure of projects indevelop
ing countries. The second phase consists of
a week-long, working-group meeting at
Woods Hole in September 1978. This meet
ing, under the chairmanship of Dr. Court-
land Smith of Oregon State and staffed by
members of the Marine Policy Program,
was attended by a group of experts from the
U.S., South America and Africa. The pur
pose of this meeting and subsequent efforts
by the participants was to create a critical
analysis of the present state of knowledge
of this subject. This project is conducted
under the sponsorship of The International
Federation of Institutes for Advanced
Study, of which the Institution is a member.

The Program this year has sponsored
two continuing, "working seminars" of an

interdisciplinary nature which bring together
scientists and members of the Marine Poli
cy Program. The two subjects were the
benthic boundary layer and coastal pro
cesses. The purposes of these seminars
is to review the existing state of scientific
knowledge and attempt to stimulate new
research activities within the Institution of
an interdisciplinary nature.

The benthic boundary layer seminar,
which started last year, continued under
the direction of Dr. Derek Spencer and was
most successful in stimulating new pro
posals for research. There is an obvious
policy interest in such research since the
assessment of many future activities such
as dumping and mining will depend upon
scientific understanding of the processes
at the ocean floor.

A weekly seminar conducted by scientific
staff was provided during the fall semester
for members of the program. During the
spring semester a public seminar was
sponsored by the Program on marine policy
subjects. A course on Science Policy was
taught in the spring semester by Dr. Morse
in the joint Woods Hole M.I.T. graduate
program. This was attended by Marine
Policy Fellows, graduate students and
staff members from the Woods Hole insti
tutions.
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Aquacuiture
The Effects of Diet on the Growth

Energetics of Postlarval Lobsters
(Homarus americanus)

Judith M. Capuzzo

Mass culture of commercially important
carnivorous species, such as the American
lobster, will be facilitated by the use of arti
ficial diets. The basic features of such diets
would be:

1) that the animal's nutritional require
ments are met, resulting in high growth
rates and no significant difference in bio
chemical composition from that of wild
populations;

2) that the diets are readily consumed
and assimilated by the animal; and

3) that the diets are formulated from
commercially available feedstuffs, thus
reducing the costs of producing the diets
and minimizing the cost of feeding in aqua-
culture systems.

For an adequate formulation of com
pounded diets, however, an understanding
of assimilation and utilization of various
dietary components by an animal is needed.

During this year research has focused on
the effects of nutritionally-defined com
pounded diets on growth energetics and
metabolic utilization by postlarval lobsters.
The growth energetics of lobsters fed a
brine shrimp diet were compared with the
energetics of lobsters fed three artificial
diets. The artificial diets were pelletized
shrimp meal diets, varying in both protein
(16-23%) and carbohydrate (23-32%) con
tent and in proteincarbohydrate ration (0.5-
1.0); the brine shrimp diet had a protein
content of 51 % and a proteincarbohydrate
ratio of 5.1. The best growth was measured
among lobsters fed the brine shrimp diet

and the 25% protein diet, with no significant
difference in growth rate being detected
between the two groups. Lobsters fed 16%
and 20% protein diets had slightly lower
growth rates. The protein efficiency ratios
(ag/g protein consumed), however, were
inversely related to the protein level of the
four diets.

All diets were assimilated at the same
level (•w90%) but there were significant
differences in consumption rates, respira
tion rates and ammonia excretion rates

among lobsters from the four experimental
groups. Although all lobsters were given
equal rations in grams, the artificial diets
were slightly lower in caloric content than
the brine shrimp and the pellets were frag
mented by the lobsters during the feeding
process, resulting in significantly lower
(P<0.01) consumption rates of the artificial
diets.

Respiration rates measured immediately
after feeding were highest among the brine
shrimp-fed lobsters and were ~35% higher
than the standard respiration rate meas
ured 24 h later. The increased rate of oxy
gen consumption associated with feeding
is termed the specific dynamic action (SDA)
and reflects the calorigenic effect of protein
catabolism. The values for SDA from lob

sters fed the three artificial diets were not

significantly different from one another and
were ~16% higher than the standard res
piration rate. There was no significant dif
ference in standard respiration rates of
lobsters from the four test groups.

American lobster (Homarus americanus).

Ammonia excretion rates of lobsters fed
the three artificial diets and the brine shrimp
diet were significantly different from one
another and were directly correlated with
the protein level of each diet. The 0:N ratios
(atomic ratio of oxyen oxygen consumed to
ammonia-N excreted) measured in the four
experimental groups were inversely related
to the protein level of the four diets, indicat
ing an increased dependence on carbo
hydrate catabolism for energy production
with low dietary protein levels.

The reduced growth rates of lobsters fed
the 16% and 20% protein diets are appar
ently a result of differences in the amounts
of food consumed and not increased energy
expenditures or reduced assimilation effi
ciencies. No significant difference in bio
chemical composition (protein, lipid, car
bohydrate) could be detected among the
four groups of lobsters.

The results of this study provide a strong
indication that dietary carbohydrate is
important as an alternative energy source
in postlarval lobsters. Its role in nutrition
and metabolism and its relationship to other
dietary components should be further
explored.



The Genetic Component of Growth
and Survival in Raft-Cultured and
Natural Populations of Quahogs,

changing allele frequencies in the cohorts
of larvae settling in a given area, from the
effects of selection, we began in the Fall of
1977 to examine recently-settled juveniles
at 9 localities around Cape Cod (marked
by • on map). This Fall, collections of the
1978 cohort have been made at the same

localities. Genetic characterization of all
these animals will provide a preliminary
picture of the spatial and temporal variation
in the genetic input to these populations.

It is expected that genetic characteriza
tion of natural populations of M.mercenaria
will be intercalibrated with those of two
other population geneticists who are exam
ining populations from other areas of the
east coast, thus providing a broad-scale
estimate of the genetic variability of this
important commercial species over a large
part of its geographic range.

FF BF FF FH FF FF FF CF FF FF FF FF FF FF FF PHI GENOTYPES

(Mercenaria mercenaria)

Judy Grassle (MBL)

This is an ongoing project with several
objectives: first, to correlate the frequency
of single gene and multigene markers with
growth rate and survival in hatchery-reared
stocks of M. mercenaria at different locali
ties on Cape Cod by the frequencies of
these same genetic markers.

The single gene markers used in this
and many other population genetic studies
are polymorphic enzymes which are visual
ized by specific histochemical staining of
starch gels after electrophoretic separation
of proteins in individual samples. The figure
(below) shows a typical gel stained for the
enzyme phosphohexoseisomerase (PHI).
The individual samples with a single-
banded pattern are homozygous at the
PHI locus, the 3-banded patterns represent
heterozygotes.

Early in our study the allele frequencies
at the polymorphic loci being examined
were determined in samples from 3 stations
in the vicinity of Woods Hole (marked by x
on map). These samples included animals
from all the year classes represented in
these relatively unexploited populations,
in an attempt to examine the effects of
selection on allele frequencies. It has com
monly been found that marine bivalve
populations, often show marked excesses
of homozygous individuals, and it isthought
that this may be due to mixing of individuals
from severalpopulations with different gene
frequencies, this mixing occurring during
transport of the planktonic larval stage. In
order to sort out the relative effects of

Diagram of phosphohexose isomerase gel. For 10 allelesat the PHI locus although each stock
the PHI locus in M. mercenaria we have found or population has fewer than 10 alleles.
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Public Health Aspects of the
Culture of Bivalve Molluscs in
Waste Recycling Aquacuiture
Systems
Roger Mann, J. Vaughn (Brookhaven)

Since 1972 Sea Grant has supported
work on the development of a waste re-
cyccling aquacuiture system at the Woods
Hole Oceanographic Institution. In this
system mixtures of seawater and secon
dary treated sewage effluent are used to
culture marine phytoplankton. The phyto
plankton are subsequently diluted and fed
to edible molluscs such as clams, oysters,
mussels and scallops. During the period
1972-1977 considerable progress was
made in the culture of phytoplankton using
120,000 liter or 30,000 gallon outdoor
ponds. Nutrient transformation and species
predominance in phytoplankton cultures
was extensively documented and bivalve
growth was optimized through the selec
tion of fast growing species and control of
environmental parameters.

During the period 1977-78 research was
directed towards the important area of
uptake and depuration of harmful trace
contaminants — metals, organic pollutants
and viruses — by the Japanese oyster. This
species was chosen for intensive study
because it had consistently exhibited good
growth in previous studies. Two series of
experiments were carried out. These were
as follows:

1) Long-term uptake and depuration of
selected trace metals and organic pollu
tants.

Previous experience with the Woods
Hole facility had indicated that suspended
solid levels in the effluent used in experi
mental studies were both highly variable

and unpredictable. In order to minimize
such variation, simple, inexpensive meth
odology was investigated for removing
suspended material and associated con
taminants. A combination of sand filtration
and activated charcoal treatment was
employed. This produced consistent, crys
tal clear effluent with low contaminant con
tent (Table 1) despite the fact that effluent
was obtained from a heavily industrialized
location at Cranston. Rhode Island. Filtered
effluent was subsequently diluted in the
ratio 1 volume effluent:3 volumes seawater

and utilized as a culture media for the
marine diatom, Phaeodactylum tricor-
nutum. In turn, the diatom cultures were
diluted in the ratio 1 volume culture:15
volumes seawater to reduce cell concentra

tions to levels that were optimum for feeding
in the subsequent trophic level; in this case
the Japanese oyster, Crassostrea gigas.

An experimental regime was chosen in
which oysters were cultured in a sewage
enriched food chain for a period of 12 weeks
and subsequently transferred to a sewage
free regime for a second twelve week
period. At intervals of twoweeks throughout
the study, samples of 20 oysters were re
moved and assayed for contaminant con
tent. The results were compared to those
obtained for oysters maintained in a
sewage-free regime for 24 consecutive
weeks. No significant accumulation of
either trace metal or organic contaminants
(P.C.B.s) was evident in the oysters ex
posed to the sewage-enriched regime. All



TABLE 1

Trace contaminant levels in Cranston sewage followingsand and charcoal filtration.

(For comparison. E.P.A. drinking water and maximum discharge for effluent standards,
and ambient seawater concentrations are included).

TABLE 2

Trace contaminant levels in oysterscultured in a waste recycling aquacuiture system
compared withcontrolspecimens from a sewage freecultureregime,and present F.D.A.
maximum permissable contaminant levels.

Trace Metals P.C.B. Trace Metals P.C.B.

Cd Cr Cu Hg Ni Pb Zn Arocblor Cd Cr Cu Hg Ni Pb Zn Arochlor

026 256 239

ppb.

0 1 196.8 1 76 460

1254 ppb.

046

1254

Treated effluent
min-max range: ppb wet wt ppb wet wi.

E.P.A 1976 drinking Experimental min 0 3 0.1 126 01 03 134 1.1

water standards 10 50 1000 2 50 5000 1.0 oysters max. 0 7 0.3 595 05 13 03 236 78

Seawater discharge
limit 5 0 1 1.0

Control

oysters
mm 04

max 0 8

0 1

03

16 5

568

02

04

06

08 01

89

226

11

78

Sea water ambient 03 20 33 15 33 FDA limits

" no limit set

35 20 175 05 20 2000 2000

• re standard set " below detection

'• below detection

values obtained for trace metal content
were consistently below maximum per
missible or advisable levels as delineated
by the U.S. Food and Drug Administration.
P.C.B. levels were also well below the 2
ppm maximum permissible level. However,
it should be noted that the 2 ppm level is
presently under review by F.D.A. (Table 2).

2) Virus accumulation and depuration
by oysters.

(i) Methods Development. The
standard method for virus assay inshellfish
was developed in 1977 by Carrick and Sob-
sey. This involves a multi-step extraction
followed by ultrafiltration. This latter step
may take from 1-3 days to complete. To
date, all studies reported by Sobsey and
co-workers have involved the seeding of
oyster homogenates with known concen
trations of virus. No data has been devel
oped for this method with regard to viruses
whichhave been naturally accumulated by
shellfish from the surrounding seawater.

A recent paper by Carrick and Sobsey
(1977) and his co-workers indicated that
replacement of the time consuming ultra
filtration step with a rapid acidprecipitation
resulted in no loss of virus concentration
efficiency (once again, these experiments
were conducted with seeded oyster homo
genates). By using the new method, itwould
be possible to process oysters in a single
day.

A comparison was made of the virus
extraction efficiency of the acid precipitation
method versus the ultrafiltration method

using our own modificationof the technique
of Sobsey and co-workers. Inorder to avoid
any artifact which may have arisen as a
result of seeding shellfish homogenates
with virus, oysters were allowed to take up
viruses naturally from seeded seawater.
Results indicated the acid precipitation to
be vastly superior. Extractions could be
performed within a few hours as opposed
to a minimum requirement of two days for
the ultrafiltration method. The recovery
efficiency of the acid precipitation method
was 78% (i.e., 78% of the initial virus seed
was recovered) versus 31% for the ultra
filtration method. Additional studies are
currently being conducted in order to con
firm and provide statistical significance for
the above.

(ii) Oyster Depuration Studies. Stu
dies to determine the depuration of polio-
virus (LSc) by naturally seeded, activity
growing oysters residing in virus-free
waters were carried out on three separate
occasions. Results indicated that, depend
ing on the season, oysters required from
4-17 days to completely remove viruses. It
is recommended that a 20-day depuration
period would provide a high margin of
safety. These data can only be correlated
with rates of poliovirus removal, and cannot
be assumed to be representative ofallother
enteric viruses.

(iii) Survival In Seawater. The ability
of viruses to survive in seawater is ob
viously related to the likelihood of their
being taken up by shellfish. By using mem

brane diffusion chambers suspended in the
ambient seawater, the survival rates of a
non-vaccine strain of Poliovirus type 1 were
determined (NOTE: many authors have
criticized the exclusive use of vaccine
strains of polio [LSc] for survival experi
ments, as they may not behave in a manner
similar to pathogenic strains). Experiments
were conducted during the month of June.
The wild-type strain was able to survive for
a period of 8-10 days in raw seawater, and
for a period of 14 days in 0.45 urn filtered
seawater. The difference in survival rates
suggested a viricidal role for ambient sea
water biota (0.45 urn). The data also indi
cated that pathogenic human viruses would
be able to sustain infectivity during passage
throughout the aquacuiture system. These
data support the conclusions of previous
work conducted with bacteriophage.

Data strongly suggests that while a
period of 20 days may be necessary for
virus depuration, the goal of producing
"clean," edible, bivalve molluscs in waste
recycling aquacuiture systems is feasible.

Carrick, R.J. and M.D. Sobsey, 1977. The
Development of an Improved Method for the
Detection of Enteric Viruses in Oysters. Univ. of
North Carolina Sea Grant Report 77-13, July
1977.
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Marine Technology
Development of an Improved
Zooplankton Sampling
Pump Station
L.R. Haury and J.R. Brooks

The objective of this research is to study
the flow characteristics of pumping system
intakes of various configurations under
different hydrodynamic conditions. An
understanding of pump intake performance
is necessary in order to design optimal
systems for sampling organisms which can
sense the intake flow field and attempt to
escape capture, as well as to define exactly
where the pumped water originates. In
general, avoidance has been thought to be
a bigger problem for pumps than for nets,
particularly for the larger zooplankton. This
is due to the combination of the pumps'
much smaller sampling rates and intake
designs which cause an early forewarning
of their presence. The use of pumps to
sample inert particles has proceeded with
out a clear understanding of the interaction
of the intake with the source field.

Pumping stations have many advantages
as plankton samplers when properly de
signed. They are more versatile than nets.
The same system may be fished horizon
tally, vertically or obliquely, or may be used
to obtain time series samples at a fixed
position.The can sample macro-and micro-
zooplankton, phytoplankton and chemical
constituents simultaneously. Pump catches
can be monitored 'on-line'. The relatively
small sampling rate of a pump and the
ability to control the intake's position allows
improved fine-scale distribution resolution.
This is particularly useful in confined areas
such as estuaries.

The experimental portion of this study

was conducted with a moderately-sized
pump (200 liters/min) in the WHOI flume.
Twelve nozzles were built, simulating the
nose of a tow fish 12 in. in diameter with 4
in. and 7 in. throats. A hoist system secured
the nozzles with their axes oriented into the
flume flow of 5 cm/s. The flow into and
around the nozzles was observed by means
of a pulsed hydrogen bubble generator and
photographed, permitting quantification of
the velocity field. The results can be scaled
up for larger pumps and faster towing
speeds. Minimum disturbance occurred
with a sharp-edged form, but it is not fa
vored in other modes of operation.

A mathematical computer model is also
being constructed to obtain a theoretical
prediction of the problem. The flume tests
will serve to validate the model, a finite-
difference solution of a potential flow field.
Its flexibility allows more conditions to be
investigated than was possible inthe flume.

A separate research program has been
carried out to supplement the studies des
cribed above. The common marine cope-
pod Calanus finmarchicus was subjected
to a simple fluid deformation field (a fixed
obstruction in a rotating tank) and its avoid
ance behavior was observed. Characteris
tic values of the stimulus which produces
the escape reaction as well as the direction,
rate and persistence of the flighthave been
determined.

Mr. Brooks is incorporating this behavior
al data with that of the intake flow fields
in evaluating pump sampling strategies
and intake designs in his thesis for the
WHOI-MITJoint Program Ocean Engineer
degree.



Experimental Evaluation on
Loran-C Telemetry from
a Drifting Buoy
R.G. Walden and C.W. Collins

A modest Sea Grant new initiative pro
gram allowed the purchase of a Teledyne
TDL-701 Loran-C Receiver to begin devel
oping a position-fixing and telemetering
drifting buoy system.

Our beginning work was devoted to the
evaluation of the Loran-C receiver to see if:
(1) it could automatically synchronize itself
to Loran-C radio signals and thereby oper
ate unattended; (2) the receiver sensitivity
was sufficient to produce a high degree of
reliable operation; (3) data accuracy and
repeatability were in fact great enough to
hold data scatter to a minimum; (4) opera
tion was reliable using a short antenna
suitable for buoy installation; (5) the equip
ment was provided with useable digitalout
put circuitry;and (6) the power requirement
was modest enough to allow two months or
more mission endurance withoutservicing.

The evaluation began in February, 1978
when the receiver was first readied for
operation and concluded in May, having
been turned on and off about 50 times.
Operationwas bothfixed (topfloor ofbuild
ings in downtown Woods Hole and Quissett
campus) and mobile (installed in an auto
mobile), using the 8-footantenna provided
by the manufactureras part of the system.
A control unit was built and used to actuate
a signal-status display in the receiver and
to trigger the digital output message which
was observed on an oscilloscope.

The receiver was operated along the
shore ingood over-water signal conditions
and in various locations where one or more

signals were marginally received over land
paths, and from a standstill to speeds up to
40 miles per hour. Accumulation of time
difference readings (fixes) logged during
this part of the evaluation showed the ac
curacy to be well within the scale of avail
able charts. Further, the repeatability
agreed with the theoretical value of 0.1 to
0.2u sec. or a radius of 30 meters or less,
this being confirmed in the mobile mode of
returning to the same physical spot several
times and logging the displayed time differ
ence readings. Observations ofthe tracking
ability of the receiver in a moving vehicle
showed that it would not lose synchroniza
tion when subjected to various magnitudes
of speed and acceleration. The receiver
always operated properly along the shore,
but some locations inland caused it to show
a weak-signal status reading, a situation
that was expected.

At all times, except in a poor signal area,

the receiver, from an initial turn-on ofpower,
automatically acquired and tracked the
signals, a test of its ability to operate un
attended.

Power consumption is 33 watts with the
display turned off and 40 watts with the
display on. Examination of the circuitry
indicates that this can be reduced to 20
watts in a buoy system by removing the
display entirely.

Our conclusion is that the existence on
the market of fully automatic Loran-C re
ceivers having on-board microprocessors
makes them a good candidate for use with
a radio-telemetry linkon moored or drifting
buoys. Our evaluation of one such receiver
confirms this.
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Milliman
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Falmouth/Summerhayes-Ellis
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Stability of a Small Coastal Inlet/Moody

The Economic Potential of the East Coast Continental Margin:
Blake Plateau to Georges Bank - Part I Georges
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LIVING RESOURCES

Populations and Migrations of Certain Large Pelagic
Fish/Mather

Behavior of Lobsters in a Semi-Natural Environment at
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The Sources of Important Bio-Chemicals in Marine
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Interactions of Fluviatile Salmonid Species/Gibson N C F
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Project/Principal Investigator FY75 FY 76 FY77 FY 78

The Genetic Component of Growth and Survival in Raft-
Cultured and Natural Populations of Quahogs
(Mercenaria mercenaria) onCapeCod N C C

The Effects of Diet on the Growth Energetics of Postlarval
Lobsters (Homarus americanus) NF
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Coastal Zone Management/Black N F
Marine Science LibrariesCooperative Network/Winn NF

PROGRAM MANAGEMENT

Program Management and Development/Ross C C C C
N- NewProject; C - Continued Project; F - Completed Project; T -Terminated Project; *- Continued with funds from sources other than
Sea Grant.

During FY 78 the Woods HoleOceanographic Institution Sea Grant Program consisted of:

11 Research Projects (plus 9 new initiatives)
1 Program Management

Personnel associated with the Sea Grant Program were:

Scientific Staff - 27 Post-Doctoral Investigators -10
Technical Staff -14 Graduate Students - 4
Departmental Assistants - 9 UndergraduateStudents - 2
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Postscript

The preceding pages have presented
the essence of our coherent Sea Grant
program for 1977-78. In the coming years
our focus on the coastal zone will be in
creased. Our 1978-79 program has pro
jects in the areas of Coastal Zone - Biologi
cal, Geological and Physican Aspects;
Chemical Processes and Pollution: Aqua-
culture; and Marine Policy. During the
period from the end of this report we have
started five projects with new initiative
funds. These include: "Reproductive Biolo
gy of Wood Boring Molluscs (Xylopha-
gainae) on the Continental Shelf of the
Eastern United States" (Carl J. Berg, Prin
cipal Investigator); "Stimulation of Fish
Growth by Detritus Feeders" (John Teal
and Michael S. Connor, Principal Investiga
tors); "Dormant Cysts and Trace Metal
Sensitivity: Two Key Factors Affecting the
Initiation, Development, and Geographic
Spreading of Toxic Dinotlagellate Blooms"
(R. Guillard and Don M.Anderson, Principal
Investigators); "Systems Models and Ex
periment Design with Application to Marsh
Fertilization and Lobster Feeding Experi
ments" (Tom Leschine, Principal Investi
gator): and "Quantitative Assessment of
Microbial Transformations in Estuarine
Waters" (Craig Taylor, Principal Investi
gator).
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