WHOI-Q-74-002 . X WHO|—"75""|6

Hoods Hole o
I Oceano mp/m

[mfzmlzm

)
/i 6’/
& (o

o 2
z >
v -
(=]}
o S

% &

1930

REFERENCE NO. 75-16

SUMMARY OF INVESTIGATIONS

CONDUCTED IN 1974

WOODS HOLE, MASSACHUSETTS 02543




Reference No. 75-16

SUMMARY OF INVESTIGATIONS

CONDUCTED IN 1974

WOODS HOLE OCEANGGRAPHIC INSTITUTION
Woods Hole, Massachusetts

Editor: Mary C. Thayer

APPROVED FOR DISTRIBUTION

Paul M. Fye, Director‘77

In citing this manuscript in a bibliography, the reference
should be followed by the phrase: UNPUBLISHED MANUSCRIPT.



Foreword

This collection of brief "summaries of investigations" has been prepared by the
members of the research staff of the Woods Hole Oceanographic Institution and this
volume is a continuation of our early traditions. For the first decade or so reports
of progress by individual investigators were included as an appendix to each annual
report. There were only fourteen such summaries occupying less than seven pages in
the 1931 Annual Report; there were but thirteen persons on the research staff at that
time.

With the expansion of the Institution during the World War II years it became
impractical to include a comprehensive report of progress for each investigator, but
the Annual Reports did continue to describe very briefly the work being done by each.
With the continued expansion of the Institution the printed annual report has become
more and more impersonal and the lack of a comprehensive summary of current investiga-
tions has been apparent to all. The Collected Reprints of the Institution have con-
tinued to provide a record of the scientific results obtained by our staff members, but
publication delays made these at least a year out-of-date before they appear.

This report is the thirteenth in the series of Summaries of Investigation. It
is similar in style to the reports of progress included as appendices to earlier Annual
Reports and a limited number of copies is available. This collection of summaries is
intended not only to supplement the limited information about the scientific investiga-
tions included in the Annual Report for 1973, but also to let our friends and associates
know what each individual staff member is currently studying.

These summaries have been revised by the department chairmen but typed, insofar
as possible, without editorial change, adhering strictly to the original manuscript in
most cases.
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DEPARTMENT OF BIOLOGY

George D. Grice, Department Chairman




B-3

MESOPELAGIC FISH DISTRIBUTION AND FAUNAL REGIONS IN THE ATLANTIC OCEAN
Richard H. Backus

The object of this research, which has continued for some years, is to determine the distribu-
tion patterns of mesopelagic fishes in the Atlantic Ocean and to determine, if possible, what it is
that controls the ranges of such fishes. (Mesopelagic fishes are mostly small fishes inhabiting the
upper 800 or so meters of the deep ocean; most species make diurnal vertical migrations.) A sampling
program covering much of the North Atlantic and some of the South Atlantic was concluded in 1974.

At the year's end about 320,000 specimens from about 1000 midwater trawl collections had been identi-
fied as well as about 30,000 specimens from neuston nets.

More particularly all lanternfish specimens (family Myctophidae) had been identified and put
on a corrected master list in computer storage. The list comprises about 240,000 specimens in about
11,000 species lots. These data provide distribution information for 74 of the 81 myctophid species
recorded from the North Atlantic. Using them we made computer-drawn distribution maps of three
kinds for the 74 species: (1) maps with a dot for each lot captured in the upper 200 meters by
night, the dot diameter proportional to catch rate and x's representing negative collections, (2)
maps with one dot per five-degree square for captures in the upper 200 meters by night, the dot
diameter proportional to the average catch rate for the square and x's marking squares with relia-
ble negative data, and (3) maps with a dot for each lot, using both nighttime and daytime data, but
with no attempt to show relative abundance and with x's representing negative collections. Together,
these maps show that five patterns (northern, eastern, central, tropical, and broadly tropical) de-
scribe the distribution of all species in a general way.

These data suggest that the North Atlantic can be divided into 15 or 20 regions, each having
a more or less homogeneous fish fauna. These regions are separated from one another by more or less
conspicuous physical boundaries. The regions do not differ in degree uniformly - a hierarchy of
regions can be constructed. The regions differ not only in the relative abundance of species but
also in biomass, diversity and other ways. A paper describing North Atlantic distribution pat-
terns, faunal regions and individual ranges of myctophid species is in preparation as well as a dis-
tribuional account of myctophids for "Fishes of the Western North Atlantic".

WARM-BODIED FISH

Francis G. Carey

The heads of swordfish and billfish contain an organ which warms the brain. There is a lower
size limit for the appearance of this organ which is not present in fish smaller than 15-30 cm.
Since the organ is present in fish which are still too small to maintain any significant tempera-
ture differential, it is possible that this tissue may have another function in a developing
fish besides generating heat.

A tracer method, using a fluorescent powder, was developed for measuring feeding rate of
menhaden in schools swimming free in Woods Hole Harbor.



B-4

Three months this past spring were spent on a commercial swordfishing boat in the Gulf of Mexico
while on accumulated vacation and leave of absence. One trip was made on a fishing boat this fall
to collect a variety of fish bloods for studies on the kinetics of hemoglobin reactions, in coopera-

tion with Professor Q. H. Gibson of Cornell University.

NITROGEN FIXATION IN THE SEA
Edward J. Carpenter

The objectives of this program are to understand the sources, significance of, and factors
affecting nitrogen fixation in the marine environment. Our work has centered on N2 fixation by the
following: (1) marine Oseillatoria (Trichodesmium) spp. in the open ocean, (2) endosymbionts in

marine shipworms, (3) blue-green algae and photosynthetic bacteria in Sippewissett salt marsh,

(4) sediments of Buzzards Bay. In addition as part of this program, we are carrying out a study
on the tidewater flux of dissolved and particulate N in and out of Sippewissett marsh.

1) Uptake kinetic studies indicate that Oseillatoria has relatively poor enzyme systems for
In the sea it must rely on N, fixation for its major source

the utilization of NHy* NO3~ and urea.
of N. In the Caribbean Oscillatoria is a major component of the phytoplankton averaging 56% of
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the total phytoplankton biomass (as chlorophyll a) in the upper 200 m. In contrast, in the
Sargasso Sea it only averages 12% of the total biomass (Fig.l). N, fixation supplies an average
of 108 ng Ny m-2hr-1 (Sx= 47.) to the euphotic zone of the Caribbean, and only 4.6 ug Ny m~2hr-1
(si= 2.7) to the Sargasso Sea. Photosynthetically, Oseillatoria is more active in the Caribbean
as compared with the Sargasso Sea. In the former area it supplies about 22 mg C m~2day~l, about
a quarter of the total phytoplankton production in the open Caribbean. These data suggest that
Oscillatoria could be of major importance in the Caribbean food web.

Physiological studies on Oseillatoria indicate that the area of N, fixation is a group of
differentiated cells in the central area of the colony.

2) The diet of marine shipworms consists largely of wood (cellulose), and as such has a low
content of nitrogen. Shipworms exhibit rapid growth (from 0.2 mm to 6 cm length in one month) and
it has been a paradox as to how they obtain sufficient nitrogen for growth. We have discovered that
N, fixation is associated with four marine shipworm species. A bacterium capable of fixing N, under
anerobic conditions and of liquifying cellulose in culture has been isolated from the gut of one
species. High N, fixation, up to 1.5 ug N/mg dry wt/hr which allowed a doubling of cellular N at
rates up to 1.4 days, was associated with one species from the Sargasso Sea. N, fixation appeared
to be inversely related to the ability of shipworms to obtain combined-N compounds in their diet.

Nz fixation can be a significant source of N for shipworms and possibly other oceanic organisms
that ingest plant material of terrestrial origin.

3) Nitrogen fixation and the parameters affecting it have been measured over a two-year
period in Sippewissett salt marsh. Organisms responsible for N, fixation are Calothrix contarenii
in an exposed blue-green algal mat, Stigonema sp. and other blue-greens on the surface of sediments
among Spartina, and photosynthetic bacteria on exposed sand along creek banks. The major source of
N, fixation in the marsh is Stigomema and other blue-greens among Spartina, and these contribute an
average of 1.84 mg N/n@/day to the marsh.

The major factors affecting N, fixation in the marsh are the concentrations of combined ni-
trogenous compounds in ambient seawater and solar insolation. Rate of N, fixation is light-dependent
as shown by long-term field shading experiments. In the summer the shading from the Spartina can-
opy is a major factor in regulating N, fixation. N, fixation occurs over a wide range of tempera-
tures and in summer is only limited below 12° and above 48°C. However measurements made in early
winter showed that significant N, fixation occurs as low as 0°C. Laboratory and field experiments
showed no stimulatory or inhibitory effects on N, fixation resulting from the additions of PO4, EDTA
and iron and trace metals. However, the addition of either NH; concentrations of 25 ug - at NH; -
N/liter and it ceased above 150 ug - at NH; - N/liter. Subsequent laboratory experiments using
controlled NH; concentrations confirmed what was observed in the field. The addition of domestic
sewage to test plots in the marsh also resulted in a dramatic decrease in N, fixation.

This study shows the importance of N, fixation in the ecology of salt marshes. Additionally,
it illustrates the effects of additions of combined nitrogenous nutrients (as resulting from addi-
tions of domestic sewage) on the nitrogen cycle of marshes.
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4) Our program on N, fixation in Buzzards Bay sediments began in October 1974. To date we
have determined that depth of maximum N, fixation is between about 5 and 10 cm. Approximate rate
of Ny fixation in this stratum is 2 ng N; fixed/g (wet wt) sediment/hr. We plan to continue this
program for one year, isolate the organism responsible and determine the factors affecting Nz fix-
ation.

PASSAGE OF ORGANISMS THROUGH AN ELECTRIC POWER PLANT
Edward J. Carpenter

The overall goal of this research program is to determine whether organisms are affected by
heat shock, mechanical damage or chlorination in passage through the cooling water system of a
nuclear power plant. Secondarily, together with biologists from the University of Rhode Island
and Battelle Memorial Institute, we are attempting to understand the effect of the power plant on
resident plankton and fish populations.

Laboratory studies were carried out to determine whether larval fish would be able to with-
stand the instantaneous 13°C temperature shock experienced when passing through the cooling water
system of a power plant. At the Millstone Point plant (Long Island Sound) three fish species were
studied: winter flounder, silversides and killifish. Over 1000 individual measurements were made
on each species with temperature increases ranging from 8 to 13°C and from 10 min to 9 hr duration.
Fish were observed for two weeks after temperature shock. The silversides and killifish exhibited
no significant mortality as result of temperature increases ranging up to 13°C and 9 hrs. The
same was true for post-metamorphosis winter flounder. However, pre-metamorphosis flounder of less
that S mm in length exhibited a high mortality averaging up to 60% of these tested. Thus the stage
of development of this fish species is of critical importance in determining its survival. This
spring we plan further research on other species.

We have continued our field program of monitoring species and densities of fish larvae en-
trained through the power plant. We are assessing numbers of fish larvae entrained so that we can
model the effect of the power plant on resident Niantic Bay fish. Over twenty fish species are en-
trained with maximum densities entering in the late spring and early summer. Most numerous fish
species are winter flounder, tautog, anchovy and cunmer. Fish survival is low after passage through
the power plant.

At present we are adapting a 14C-autoradiographic procedure for determining the effect of
entrainment on phytoplankton. This technique will allow us to note the effects of entrainment on
individual phytoplankton species under various combinations of temperature and chlorination in stitu.

Additionally, we have studied the effects of entrainment on nitrate reductase activity of
phytoplankton. Samples have been taken through the year, and data are now being analyzed. The
research provides basic data on effects of light, temperature, NH' concentration, and species com-
position on the activity of this enzyme.



RESEARCH AT MATAMEK, QUEBEC, CANADA, 1974
R. John Gibson

Salmon

1. The main work has been completed on a fish-counting ladder at the first falls by the Quebec
Government, and it will be operational next year. The holding pool has to be completed, a lifting
floor has to be put in the corner pool to facilitate handling the fish, a cabin or trailer must be
made available for a technician, and the area has to be cleaned up and planted.

2. In June, 280 smolt were tagged with Carlin tags. An estimate was made of about 8,000 for
the total runm.

3. Population estimates of salmon parr, brook trout, eels and suckers, were made in an area of
fast water flow adjacent to the second falls, and in a slow deep section 300 m downstream. The
number of two-year-old salmon parr close to the falls was about 470 per hectare, and downstream in
deep water, there were about 110 per ha. There was no movement of salmon parr between the two
areas. Trout and suckers on the other hand moved freely between the two areas.

4. Salmon were recovered from previous plantings in fishless waters. Much of the watershed is
above the Labrador escarpment, and due to its glacial history, has no fish. The most numerous re-
coveries were in a shallow mud-bottomed lake called LO2 or Crosskey Lake, where growth was also ex-
cellent. Two-year-old fish here had a mean length of 30.7 cm. Planted fish remained in the lakes,
and did not migrate as smolts. In the Tchinicaman River fry were recovered in September at 5.3 cm
long weighing 1.7 g. At the same time fry in the main river were on the average 4.3 cm long weigh-
ing 0.8 g.

5. Physiological and behavioral work on salmon fry was carried on at Tadoussac hatchery and in
the field. This was done as part of the study of stocking salmon into fishless waters, where in
some lakes survival was apparently nil, in one it was fair (L. Gallienne), and in LO2 it was good.
The work was related mainly to the effects of temperature, oxygen, acidity, feeding, and shock from
transport.

6. In the stream tanks at the second falls observations were made on the reactions of salmon
parr to changes in water velocity and temperature. In slow water velocities, the aggression de-
creases, and in very slow flows parr tend to hide amongst rubble, and are attracted to shade. In
fast flows aggression increases, and parr are attracted below a turbulent water surface. Around
9°C parr move into slow-flowing water, and hide amongst rubble. This explains why in cold water
parr are very difficult to find, and then in somewhat warmer water of about 109C, as in the spring
and late fall, are in pools, roaming around, and then in the warmer water of summertime are found
holding territories in faster water velocities.

7. Some scales of juvenile and adult salmon were compared microchemically by electron micro-
scope. The greatest difference was in the sodium content, more than four times as much occurring
in the scales of adult salmon.
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8. Detailed changes in the skeleton of adult salmon in fresh water through the summer were
described.

Trout

A population estimate was made of the trout below the second falls. Also, the trout below the
fifth falls were compared with those below the second. The fourth falls from the sea is a barrier to
upstream salmon migration, so salmon parr do not occur below the fifth falls. The trout below the
fifth falls are fatter for their length than those below the second, with a condition factor of 1.3,
compared with 1.1 for those below the second. Also, a higher proportion of trout are mature below
the fifth falls, and fecundity is greater than below the second falls. Next year salmon are to be
introduced below the fifth falls. The increased production of salmon will be measured, and inter-
actions with the trout followed.

Limnology at Matamek Lake

Studies included: zooplankton; phytoplankton and primary production; physical and chemical

characteristics of the waters and sediments of Matamek Lake; and measurements of the bottom profile.

Physical aspect of the Matamek River and watershed.

Physical measurements of the Matamek watershed, and a careful survey from the third falls down-
stream, were made. This included a depth profile, types of substrate, and water velocities. A pre-
liminary forestry and geological survey of the watershed was also included.

Inverbetrate Studies

A taxonomic survey was made of the caddis flies (Trichoptera) of the watershed. These are the
principal food of trout and salmon parr. The taxonomy and ecology of the phantom midge larva
(Chaoborus) was studied in lakes with and without fish.

An ecological study was made of tide pool invertebrates.

ECOLOGICAL GENETICS OF OPPORTUNISTIC AND DEEP-SEA POLYCHAETES
J. Frederick Grassle and Judith P. Grassle*

Our electrophoretic studies have shown that the opportunistic species, Capitella capitata,
often described as a cosmopolitan pollution indicator species, is a group of sibling species with
a remarkable number of life histories and completely distinct groups of enzyme activities at eight
genetic loci. In single intertidal and subtidal samples we have found three and four distinct
Capitella species which differ from one another at some or all of the eight loci examined in each
individual. The electrophoretic evidence indicates no hybridization between these sympatric popula-
tions. At least some of the species differ in morphology, weight at maturity, mode of reproduc-
tion, amount of brood protection and length of planktonic life. The proportions of the several
species vary seasonally and from locality to locality.

The past six months have been devoted to a field experiment with Dave Schneider of State
University of New York at Stony Brook to determine how genetic variation varies with population
size in one of the species.

*Marine Biological Laboratory.
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CONTROLLED ECOSYSTEM POLLUTION EXPERIMENT (CEPEX)

George D. Grice

The objective of the CEPEX program is to determine the effect of pollutants on marine ecosystems.
As part of this program, we are currently analyzing the results of three experiments conducted from
April to October 1974 at the CEPEX site at Sannich Inlet, British Columbia: a replication study; and
two copper experiments in which Cu (as CuSO4) was introduced to produce concentrations of 10 and 50
ppb, and 5 and 10 ppb, respectively. The studies were performed in polyethylene cylinders, (CEE's,
Controlled Experimental Ecosystems) each containing approximately 66 m3 of seawater.

The replication experiment was designed to assess the precision and accuracy with which zoo-
plankton population abundance could be estimated within a CEE. Two sampling devices were tested:
a 20 cm modified Bongo net (202 um) for collecting integrated samples from 14 m to the surface, and
a Schindler trap for obtaining discrete samples from 14 m, 7 m, and just below the surface. Samples
from these two devices were compared with samples collected by pumping all of the water from the CEE
through a 202 um net. Statistical andlysis of the samples showed that both Bongo and Schindler sam-
plers provide an acceptable level of precision and accuracy for the determination of population size
and fluctuations. It was concluded that Bongo collections are the best means of estimating zooplank-
ton densities in a CEE, while the Schindler trap can be used to investigate vertical distribution
and other aspects of plankton patchiness.

Analysis of samples from the first copper experiment has recently been completed. Total counts
show that the zooplankton in control CEE's declined during the month-long experiment, probably as a
result of grazing by ctenophores and medusae. Zooplankton decrease in the two experimental (10, 50 ppb
copper) CEE's was, however, significantly more rapid than in the control CEE's. The effect was more
pronounced in the CEE with the addition of 50 ppb Cu than in the one with an addition of 10 ppb.

Diversity indices were computed for all samples, but no significant trends were evident, despite
both a marked decline in total numbers and changes in species dominance. Samples were also compared
by similarity index. A dendrogram constructed by cluster analysis of similarity coefficients for
unweighted paired samples showed that the samples are divided into two groups, polluted and unpolluted.
Samples from the two control CEE's, and samples from the experimental enclosures prior to the addi-
tion of copper are more closely related to one another than to samples obtained from the experimental
CEE's after the addition of copper.

Samples from the second (5 and 10 ppb) copper experiments are currently being analyzed.

Thomas Lawson participated in the field collections and analyses of the results of the replica-
tion experiment and Victoria Gibson enumerated the samples and analyzed the results of the copper
experiments.



ZOOPLANKTON STUDIES
George D. Grice

Considerable progress has been made toward completing the zoogeographic and taxonomic study of
the copepod family Candaciidae in the Indian Ocean. Based on centers of abundance, four patterns of
species distribution were recognized: 1) neritic waters north of 10°S latitude, 2) neritic and
oceanic waters north of 10°S latitude, 3) neritic and oceanic waters south of the Arabian Sea and
Bay of Bengal but north of 35°S latitude, 4) parts of the subtropical gyre enclosing the southern
Indian Ocean. Two recurrent groups of species have been identified. One group of three species is
generally restricted to north of 10°S latitude. The second group of two species has an overlap of
range with the first group in a broad band along the equator. However, the second group is rare in
the Arabian Sea and Bay of Bengal and its range extends south to at least 359s latitude.

Certain of the distributional patterns correlate with environmental parameters such as zoo-
plankton biomass, temperature, oxygen minimum and with certain hydrographic features. For example,
some species are most abundant in the upwelling regions while other species appear to have the
southern extent of their ranges limited by the 10°S hydrographic front. Still other species may be
excluded from certain parts of the northern Indian Ocean because oxygen levels in these areas are
too low at depths where the species would normally be found during part of the day. We are presently

working on a multivariate analysis of species distributional patterns.

Measurements of 130 morphological characters, including feeding, swimming and secondary sexual
appendages, have been completed and species have been taxonomically clustered for each functional
set of characters. The recurrence of certain clusters throughout the analysis suggests a degree of

phylogenetic kinship among member species beyond simply parallel functional adaptation.

Using morphological correlation as an index of functional similarity and Fager's Affinity Index
as a measure of geographical association, we are also investigating the extent to which species may
have become morphologically modified or divergent in their environmental adaptations so as to minimize

interspecific competition.

We have had good success in our continuing studies on the ecology of Labidocera aestiva and the
significance of resting eggs of this temperate calanoid copepod. Through laboratory and field
studies on the viability and occurrence of these eggs, we have demonstrated that (1) eggs laid by
fall females and maintained for six months in the laboratory at temperatures corresponding to the
lowest winter water temperature (2° - 3°C) in the Woods Hole area remain viable and readily hatch on
being warmed to 19°C, (2) similarly laid eggs kept in small bottles that were suspended beneath the
Institution pier through the winter at a depth of 15 m also remained viable and hatched in May when
water temperatures were between 11° and 14°C and (3) bottom sediment samples collected in March, the
month of minimum water temperatures, contained viable eggs which hatched on being warmed to 19°C.

We conclude from these studies that resting eggs are a part of the life history of L. aestiva and
provide the means whereby this species occurs year around in temperate waters. Thomas Lawson and

Victoria Gibson were essential participants in the research described above.
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COMPARATIVE ENVIRONMENTAL PHYSIOLOGY OF MARINE PHYTOPLANKTON
Robert R. L. Guillard

Studies of the effects of dissolved hydrocarbons on marine algae have been terminated. A paper
was given at the ASLO meetings and will be submitted for publication: Stoll, D. R. and R. R. L. Guil-
lard. Synergistic effect of naphthalene toxicity and phosphate deficiency in a marine diatom.

A second project completed is the determination of the systematic position of an alga that is
often abundant in polluted environments; our clone is called "GSC Sticho" from its superficial resem-
blance to a species of the chlorophyte genus Stichococeus. An electron microscope study in collabo-
ration with C. C. Remsen has revealed that the alga has the internal structure of the class Eustig-
matophyceae. This plant is the first non-motile and the first marine member of the class to be

discovered. A name and description can now be written.

The major new program initiated this year is the study of genetic relatedness among clones of
the same species of marine algae isolated from different environments. This work is in collabora-
tion with L. S. Murphy. This promises to be very rewarding and the first results are submitted for
publication in a paper of which the abstract follows:

Diatom systematics depends almost entirely upon structure of the silica shell. It is not known
to what extent the taxonomic species, as defined by shell structure, corresponds to the genetic
species - the reproductively isolated population. As an approach to this problem, we report here a
comparison of enzymes by electrophoresis. We have examined the genetic constitution of a number of
clones of (presumably) the same species for each of two closely related centric diatom species:
Thalassiosira pseudonana and T. fluviatilis. The four clones of T. fluviatilis form a distinct
group, clearly separated from all the T. pseudonana clones. Within T. pseudonana, the four estua-
rine clones and the one reef clone form a group that is distinctly different from the four oceanic
clones. The shelf clone of T. pseudonana is intermediate between these two groups and shares genes
with both groups, indicating that the two T. pseudonana groups are not genetically isolated. We
conclude that 1) within groups, isolates are closely related even though they originate from dif-
ferent continents, and that 2) 7. pseudonana is subdivided into ecological races.

THE ECOLOGY OF SUBMARINE CANYONS
Richard L. Haedrich and Gilbert T. Rowe

We are trying to understand the interrelationships and dynamics in and among the animals living
on the deep ocean floor. We have focused first on the faunas of submarine canyons, for, in addition
to their inherent interest as major features of the sea bottom, canyons appear to be important con-
duits for channeling organic material from the continental shelf into the deep ocean. Since virtually
nothing is known concerning canyon faunas, we have had to do much of the basic groundwork ourselves
and have paid particular attention to quantitative description of the canyon fauna (both invertebrates

and fishes), analysis of species associations, charting species distributions, comparing patterns
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of biomass, density, and diversity as functions of depth and topography (both in and out of a canyon),

and determining life strategies of dominant species.

In 1974 we made two cruises, both in late winter, on the Knorr and the Atlantisz II. These were
for sampling in the Georges Bank canyons and in the deep water off Hudson Canyon. Major wire losses
on the initial sets of both cruises resulted in no samples being obtained.

Work in the laboratory has been more successful. We have finished identifying the fishes from
our late 1973 cruises and all the infauna from grabs made in Hudson Canyon and the Woods Hole deep
ocean station. We will soon complete the identification of trawled invertebrates. We have in manu-
script a report on the epibenthic macrofauna of the continental slope adjacent to Hudson Canyon.
This fauna is zoned with depth, with important breaks at depths of 400 and 1000 m. There is little
difference between this fauna and that in the canyon. The fish fauna in the canyon is similarly
zoned, and appears seasonally stable. Animal abundance is greater in the canyon, but a parallel
decline in numbers is noted with depth both in and out of the canyon. Diversity in the various
faunal components follows no set pattern, but appears to be a function of the group examined. Pre-
liminary analyses of the infaunal data indicate that these animals are more abundant within the
canyon and are zoned with depth, with possible breaks at 250, 550, 1000, and 1500 m.

When the opportunity became available, we did some limited sampling of selected benthic com-
munities for comparison with the canyon situation. The benthic fauna of deep basins in the Gulf of
Maine, which we discuss in a completed manuscript, is low in abundance and biomass, despite the fact
that the basins are contained within the extent of the continental shelf. Due to the relatively
young geologic age of the basins, the fauna may not yet have achieved equilibrium; the faunal com-
position resembles that in the canyon but from almost 1000 m greater depth. Two manuscripts report
the abundance and biomass of infauna and epifauna in the upwelling area off West Africa. This area
of high productivity supports an infauna that is five-to-ten times as abundant as that on the con-
tinental slope south of New England, but the epibenthic biomass is rather low.

The rattail Coryphaenoides carapinus, which lives on the lower continental slope and rise, is
a benthic feeder, taking primarily errant polychaetes and crustaceans, particularly amphipods. With
growth, it may augment its diet with ophiuroids. This situation contrasts with that in its two
congeners, C. armatus (which feeds on larger fish and cephalopods and opportunistically on material
from the surface), and C. rupestris (which feeds on pelagic crustaceans). The parasite fauna from
deep-living benthic fishes turns out to be very abundant and highly diversified; many new taxa have
been discovered, and these are being described in a series of manuscripts by Dr. Ron Campbell of
Southeastern Massachusetts University. A natural consequence of the presumed environmental stability
of the deep ocean is that populations there should be genetically highly monomorphic. Electropho-
retic studies of many enzymes, however, reveal considerable polymorphism, comparable to that in
terrestrial animals, in both echinoderms and fishes. The work on echinoderms is reported in a com-
pleted manuscript, while the work on fishes, a cooperative effort with Dr. Dennis Powers of Johns

Hopkins, is continuing.



STUDIES ON SALPS AND OTHER GELATINOUS ZOOPLANKTON
G. Richard Harbison

Feeding and Assimilation in Salps - - Pegea confererata has been the salp most extensively
studied. Its feeding is disturbed less by confinement than other commonly encountered species. Fil-
tration rates have been measured, using unialgal cultures, by following the decrease in particulate
matter with a Coulter Counter. The carbon, nitrogen, hydrogen, protein, lipid, and carbohydrate com-
position are presently being measured on the algal stocks fed salps and on the feces produced by the
salps. Results from experiments using Thalassiosira pseudonana indicate that this diatom is not a
particularly good food material for P. confederata, so we have undertaken experiments using cocco-
lithophores and microflagellates.

Metabolic Studies on Salps - - Respiration and ammonia excretion measurements indicate that most
salps have low metabolic rates, with the exception of Salpa eylindrica. Enzymological studies indi-
cate that P. confederata, like other filter feeders, has a high titer of amylase activity. Other
digestive enzymes are currently being studied.

Associations of Hyperiid Amphipods with Gelatinous Zooplankton - - Our work on amphipods asso-
ciated with salps has shown the need for a thorough taxonomic study of the genus Lycaea, before con-
clusions can be drawn as to host preferences. Four species that have been synonymized with L. pulex
by earlier workers seem, from our material, to be valid. This and other work has led to a new under-
standing as to the nature of variability within the genus. Certain members of this genus seem highly
selective in their choice of hosts, while others are much less so. All together, we have found four
genera of hyperiid amphipods on salps, comprising 13 species. After salps, associations of hyperiid
amphipods with siphonophores and medusae seem most varied and rich. We have found six genera and
seven species on siphonophores and three genmera and six species on medusae. We have also found am-
phipods associated with ctenophores (three genera, three species), pteropods (one species), radio-
larian colonies (one species), and two genera and species free-swimming. The interactions of these
amphipods with gelatinous zooplankton range from highly specific parasitism to a rather loose type
of predation. Often the coloration of the amphipods mimics that of their hosts, but sometimes it
contrasts strongly. Some have appendages that appear to be specialized for life on specific hosts.

The Biology of Siphonophores - - Douglas Biggs continued in situ measurements of oxygen con-
sumption by physonect and cystonect siphonophores. This year ammonia excretion by freshly collected
animals was also measured, but attempts to hold siphonophores in the laboratory to measure oxygen
consumption and ammonia excretion under starvation conditions met with limited success. Since siphon-
ophores do not egest compact and easily collectable feces, laboratory feeding experiments were de-
signed using a cl4 tracer incorporated in prey organisms. These experiments suggest that assimila-
tion efficiency in these carnivores may be 70% or higher.



PHYSIOLOGY AND ECOLOGY OF MARINE MICROORGANISMS
Holger W. Jannasch

I. Microbial Transformations in Seawater.

(1) Population dynamics of psychrophilic and mesophilic marine bacteria.

Competition experiments have been conducted with bacterial isolates characterized by different
physiological responses (growth and metabolic activity) to temperature. Combining varied tempera-
tures with varied concentrations of the energy source, the outcome of successful or unsuccessful com-
petition was studied in series of chemostats. The results bring us closer to explanations and pre-
dictions of microbial population dynamics in the sea, i.e., the occurrence, distribution, abundance,
and succession of various metabolic types of microorganisms in certain characteristic parts of the
ocean. It was found that high substrate affinities (expressed by low Kg values) of mesophilic bac-
teria (relative slow growth at low temperatures) may overcome the advantage of psychrophilic bacteria
(relative fast growth at low temperatures) if the substrate affinities of the latter are low. Work
at sea concentrated on the distribution of psychrophilic bacteria in ocean profiles and on some
isolations.

(2) The effect of suspended particulate matter on microbial growth.

Marine bacterial isolates have been studied in batch and continuous culture to examine the
effects of suspended organic and inorganic particulate matter on growth and metabolic activities.
Steady state populations that received a direct injection of clay particles responded with a marked
increase in cell density and in the incorporation of l4c.1abeled substrate. Populations returned to
the original steady state level as the particles were washed out. Growth of non-chitin-degrading
bacteria was increased by an addition of homogenized and washed chitin particles in glutamate
limited cultures. Short term perturbations in chemostat cultures, shifted to media containing ashed
offshore sediment, resulted in a rapid decline in cell density followed by the establishment of the
original steady state level. Laboratory studies are being continued in this area examining the varia-
bles of particle size, type and concentration in relation to the culture conditions of temperature,
dilution rate, oxygen concentration, and substrate type and concentration. Field studies are planned
using Alvin for determining the in situ activities of microorganisms associated with areas of high

particulate content in the water column.

(3) Microbial activity in the deep sea.

To obtain additional data on the earlier observed phenomenon of relatively slow microbial activ-
ity in the deep sea, the newly developed sampler-incubation chamber was used which retains the in situ
hydrostatic pressure in laboratory studies. Samples were taken at 1900 m. A second sampler-incuba-
tion chamber was built and successfully pressure tested which is capable of being used to depths up to
6000 m. A new strategy for a more efficient acquisition of data was adopted by developing a multiple
sampling system consisting of a filtration sampler and a number of transfer units. This will enable
us to take up to eight samples per cruise and to free the high-pressure vessels just for the purpose
of incubation. Plans are also made to study microorganisms from deep-sea trenches at 1000 atm to

obtain pure culture isolates in the absence of decompression.

Co-workers on this project were: Craig D. Taylor, Carl O. Wirsen and Stephen J. Molyneaux.
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IT. Microbial Reduction and Oxidation of Sulfur Compounds in the Marine Environment

(1) Shipboard Experiments.

Our efforts in 1974 were aimed at perfecting our ability to measure in situ rates of sulfate
reduction, sulfide oxidation, and dark fixation of CO,. Results obtained on a cruise to the Cariaco
Trench in December 1973 demonstrated the feasibility of in situ inoculation and incubat;on of samples
spiked with radioactivity-labeled substrates and suspended on a mooring array. New, automated sam-
pling and incubation chambers are being designed and constructed to allow time-course determination
in early 197S. Backup measurements to be done on the ship will permit an evaluation of the results
of the in situ incubations, particularly the effect of hydrostatic pressure.

(2) Incomplete thiosulfate oxidation by heterotrophic marine bacteria.

The basis for growth stimulation by the oxidation of thiosulfate to tetrathionate in two repre-
sentative strains of marine pseudomonads was investigated by studying the incorporation and respira-
tion of l%c-1abeled organic compounds in the presence or absence of thiosulfate. The oxidation of
thiosulfate was accompanied by an increase in the amount of glucose or acetate incorporated, but a
decrease in the amount respired. The total amount of the organic compounds metabolized remained
constant. In agreement with the previously observed thiosulfate-stimulated growth, the increase in
the ratio incorporation: metabolism (metabolic ratio) was greatest near the pH optimum for thio-
sulfate oxidation.

We attempted to uncouple the metabolic ratio increase from thiosulfate oxidation in intact
cells with 2, 4-dinitrophenol or carbonyl cyanide m-chlorophenyl hydrazone. The results of these
experiments demonstrate that the incomplete oxidation of thiosulfate by certain marine bacteria can
allow more efficient use of available organic carbon, thereby enhancing the survival potential of
these microorganisms in parts of the oceans where reduced sulfur compounds are present.

(3) Dissimilatory reduction of inorganic sulfur intermediates.

Our studies on the dissimilatory reduction of inorganic sulfur compounds other than sulfate by
newly described facultatively anaerobic marine bacteria have been continued. A detailed study of
the kinetics of formation of inorganic sulfur intermediates during anaerobic growth with a variety
of inorganic sulfur compounds supplied as electron acceptors revealed the following conversions:

(i) tetrathionate reduction quantitatively to tetrathionate; (ii) trithionate reduction to equi-
molar sulfite and thiosulfate; (iii) sulfite reduction to thiosulfate through trithionate; and (iv)
thiosulfate reduction to sulfide and trace sulfite. These reactions are similar to the transforma-
tions carried out by the obligately anaerobic sulfate-reducing bacteria of the genera Desulfovibrio
and Desulfotomaculum. Comparisons of growth rates and cell yields indicated that tetrathionate and
thiosulfate were the electron acceptors of choice. The pathways of inorganic sulfur metabolism were
unaffected by the organic electron donor used. The widespread occurrence of these facultatively
anaerobic bacteria at the oxygen-sulfide interfaces in anoxic marine basins may imply a cycling of
inorganic sulfur compounds without the formation of sulfate.



(4) Tetrathionate reductase (TTR) and thiosulfate oxidizing enzyme (TSO).

TTR catalyzes the reduction of tetrathionate to thiosulfate under anaerobic conditions; TSO
mediates the oxidation of thiosulfate to tetrathionate under aerobic conditions. Until our recent
discovery of both enzyme activities in certain marine pseudomonads, TTR had been primarily associated
with species of the Enterobacteriaceae, commonly part of the intestinal microflora of man, while TSO
activity had been found in the thiobacilli and in several terrestrial pseudomonads. It is not pre-
sently known whether these activities represent opposing functions of the same enzyme, or two dis-
tinct enzymes. Several of our marine isolates provide excellent models to study these reactions
since they can carry out both thiosulfate oxidation and tetrathionate reduction. Control of these
activities by environmental conditions may also be important to biological sulfur turnover at oxygen-
sulfide interfaces in the oceans. Preliminary to cell-free studies, we investigated the formation
of TSO and TTR activity in intact cells as a function of growth conditions. The results of tempera-
ture optima, pH optima, cyanide inhibition, and thiosulfate inhibition experiments on one of our iso-
lates suggest that it has one constitutive TSO enzyme, but two distinct TTR activities, one of which
is inducible and not associated with the TSO enzyme.

Co-workers on this project were: Jon H. Tuttle, Craig D. Taylor and James D. Flanagan

ELECTRORECEPTION IN ELASMOBRANCH AND HIGHER BONY FISHES
Adrianus J. Kalmijn

Sharks and rays are extremely sensitive to weak electric fields, responding to voltage gradients
as low as 0.01 pv/cm. The sense organs mediating the electrical responses are the ampullae of Loren-
zini, which are characteristic of elasmobranch fishes. Marine animals produce local bioelectric
fields in seawater. Sharks and rays take advantage of these fields and use them in locating and
cueing in on their prey. Electric fields induced by water flowing through the earth's magnetic field
may inform sharks and rays of upstream and downstream directions of open-ocean currents. Sharks and
rays may also sense the actual compass directions from the electric fields they induce by actively
swimming through the earth's magnetic field. The main topics of investigation are:

1. the electric fields in the animals' natural habitat,

2, the possible biological significance of the various fields, and

3. the physics and physiology of electroreceptor systems.

Parallel to the shark work, comparative studies are performed on the electric sense in catfish,
weakly electric fish, and other bony fishes.

Since our move from Scripps Institution of Oceanography to Woods Hole Oceanographic Institution,
we have worked on selecting a location for, and on the design of new Shark Research Facilities at
Quissett Campus. The location is dictated by the requirements of (1) minimal electromagnetic inter-
ference, and (2) a virtually undisturbed earth's magnetic field. The Shark Research Facilities
will offer unique opportunities for well-controlled experiments on the electric sense of elasmo-
branch fishes. Eventually, the biological validity of the outcome will be tested in the animals'
natural habitat, the ocean.



Duane D. Banashak is Assistant to this project. An extensive report on the Principal Investiga-
tor's work and its relations to other studies in the field of electroreception is given in:
Kalmihn,Ad.J. The detection of electric fields from inanimate and animate sources other than electric
organs. In: Handbook of Sensory Physiology, III/3, A.Fessard,Ed.,pp.148-200. Springer Verlag: Berlin-
Heidelber-New York 1974.

BIOLOGICAL INSTRUMENTATION

John W. Kanwisher

This year has allowed us to complete most of the instrument development we have had underway.
It has also been a time for writing and publishing. Among the specific projects are the following:

We have brought electromagnetic flow sensors to a stage where they are routine in application.
One of them has shown the variable flow in a plankton net and allowed its redesign. Others have been
tested for stream flow monitoring and as a speed element on a submarine. We still think their use in
current meters will be rewarding. For that purpose we have redesigned the circuits to the necessary
low power level.

As an adjunct to the sensor we have developed a magnetometer compass at an equally low power
level. This will find use wherever remote indication of direction is important. An example is the
monitoring of a coring tube as it penetrates.

Qur attempt at an updated particle counter for ¢n situ plankton studies was unsuccessful. We
had not predicted the large sensitivity of the instrument to temperature gradients. We hope such
false counts can be eliminated by a new cell design.

Most of our electronic work has involved circuit development around the new solid state devices
which allow power levels to be reduced 10 to 100 times. This permits these circuits to be used in
all manner of battery-operated field instruments. We are collecting this in a manual form for others
to apply.

My past physiology, mostly on fish, has been digested and four papers published or in press. We
have completed a study of human diver monitoring. As an extension of this I am working with a U.S.
Navy medical research group to make the method routine in diving.

This fall I have been updating telemetry methods which I will use in behavioral physiology work
at the new seawater facility.



CAPE COD WASTE WATER RENOVATION AND RETRIEVAL SYSTEM
William B. Kerfoot and Bostwick H. Ketchum

The past year marked the first year of operation of a pilot facility at Otis Air Force Base
designed to provide scientific answers and guidelines to current and future problems of water quality
management of insular water basins in the coastal Northeast. The three-year plan involves investi-
gation of the in situ performance of (1) the existing sand filter bed method of wastewater disposal
at Otis Air Force Base, (2) a rapid infiltration system designed to enhance biological denitrifica-
tion, and (3) spray irrigation-cropping programs. For convenience, the summary is divided into two

sections, construction and operation of facilities and site investigations.

Construction and Operation of Facilities

During December of the previous year and into 1974, experimental fields were cleared, prepared
and set to winter rye for erosion control. Nine polyvinyl chloride (pvc) monitoring wells penetra-
ting the upper two meters of the groundwater surface were installed. From March to May, an abandoned
sand filter bed near the treatment plant was modified for a 100 x 100 ft lagoon, a pumping control
system designed, and 2400 feet of force main and associated manholes installed on both agricultural
plots, stationary sets of high pressure (50 psi) impact sprinklers on site A and a rotarf center pivot
low pressure irrigator (8 psi) on site B (see P. Kallio, Ocean Engineering). The hydraulic experi-
mental area (site A) was seeded with reed canary grass, fertilized to establish the seed, then irri-
gated with hydrant water placed in the lagoon. The vegetative study area (site B) was seeded to four
crops (reed canary grass, timothy grass, timothy and alfalfa, and smooth brome grass). A large
trailer housed the field laboratory near the site.

Irrigation with lagooned secondary effluent began on July 17 on both experimental plots after
extensive experience with irrigation of hydrant water. By September, the agricultural fields re-
quired harvesting. Irrigation of the fields ceased September 5 to allow adequate drying. From
September 16 to 19, the fields were cut, raked, and baled. Following inspection of the operating
data, sale of the hay was approved by the Department of Public Health as mulch or feed for horses.
Thirty-two bales were sold at §$.50 each for use as mulch.

During October, work began on equipping the field laboratory with water and sanitary facilities.
A Tetrieval well was completed behind a sand filter bed as part of the feasibility study of under-
ground effluent storage prior to irrigation. Five additional monitoring wells were also established
further downwater of the present sand filter bed discharge region.

Site Investigations

An intensive study of the geological, groundwater, and hydrological characteristics of the site
continued through 1974. Soil cores to a meter depth were taken over the project area. Subsequent
analysis of the cores of Enfield sandy loam for iron and aluminum oxides and associated phosphate
fractions indicated a fixation potential for a two-inch (5 cm) soil layer equivalent to 185 weeks of
application of two inches of effluent applied weekly with a mean content of 8 mg P per liter. Sec-
tions of a deep geological core to the vicinity of bedrock were analyzed and presented in the Tech-
nical Report WHOI-74-13 (Kerfoot and Ketchum, 1974). Beyond a surface deposit of sandy loam soil



The lagoon and pumping control station.

A rotary center-pivot irrigator on the agricultural experimental plot.
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(two and three meters) the underlying strata graded from a medium sand and gravel to a fine and
medium sand 45 meters below sea level at the lowest point sampled. A cooperative seismic study
with the U.S.Geological Survey in May identified bedrock at 57 meters (190 ft) below sea level with
no impervious till of appreciable thickness underlying the site (John H. Peck and Curtis R. Tuttle,
1974).

Two wells installed in the sand filter beds in January revealed high initial levels of nitrate,
54 and 42 mg/liter (as N). An exponential drop occurred with time to levels of, respectively, 3.4
and 10 mg/liter in early July until the beds were again inundated with secondary effluent, causing
a rise to above 15 mg/liter nitrate and phosphate levels comparable to the effluent (6 mg/liter).
The elevated nitrate and phosphorus levels are not unique to the immediate region of the beds but
extend beyond. However, samples of water withdrawn deep below the beds, 12 meters (40 ft) beneath
the groundwater surface, appear distinctly anaerobic with elevated ammonia (3.7 mg/liter) and phos-
phate (4.4 mg/liter) levels, indicating a more complex situation than simple nitrification of re-
charged effluent. The surface of the sand filter bed contained several heavy metals in excess of
normal background soil levels. Integration of the total content above background in the upper
56 cm (22 in) indicated an accumulation of copper, zinc, cadmium, lead, and chromium to, respec-
tively, 5.04, 1.63, .042, .050, and .044 gm.

The quality of the effluent, lagooned effluent prior to and after chlorination, groundwater
underlying the irrigation sites, water from nearby Ashumet Pond and tap water from Otis and Woods
Hole as controls was monitored biweekly since January 20, 1974. Soilwater at .5, 1, 2, 3, and 4-ft
intervals on the irrigation sites was obtained at monthly intervals for analysis. In November,
following the flushing of chemical fertilizer from the soil column, nitrate levels of .2, 1.5, 3.5,
and 8.5 mg/liter (as N) were found in water samples removed from four-foot deep suction lysimeters
from, respectively, the non-irrigated control, the 2" effluent/week, 3" effluent/wk, and 1" ef-
fluent/wk applications. Upon first cropping, 5%, 64 and 9% bales of reed canary grass hay were
removed from the 1"/wk, 2"/wk and 3"/wk application plots.

The attenuation and inactivation of bacteria and bacterial viruses were studied at various steps
during operation of the existing plant, during recharge using the sand filter beds, during lagoon
storage, during chlorination, and at the irrigation site. Addition of high concentrations of MS,,

a 200 e bacteriophage, to the effluent showed a thousand-fold decrease (3 log) during recharge of
the sand filter beds. The rate of attenuation of phage during winter storage of effluent in the
lagoon proceeded slower than that of coliform organisms (as total and fecal). Gas chlorination
of the lagooned effluent at 5 ppm chlorine dosage reduced the phage level over a million-fold

(6 log).

A hydrological simulation model was prepared for the area of the sand filter beds and directly
south of the discharge. The model employs a modification of a model developed by Pinder and Brede-
hoeft, as performed by Peter C. Trescott, and was successfully adapted to the Institution computer
system. The initial grid consisted of ten nodes on a side, including the nearby Ashumet Pond.
Values of head, hydraulic conductivity, thickness of the saturated zone, annual rainfall, and
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evapotranspiration are being gathered for each grid point. The basic model will eventually serve as
the functional coordinate system for predicting long-term groundwater chemical equilibria for differ-
ent renovation alternatives.
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DISTRIBUTION, MIGRATIONS, POPULATION DYNAMICS AND MORPHOLOGY
OF LARGE PELAGIC FOOD AND GAME FISHES
Frank J. Mather

The objectives of our program are to continue obtaining data on the basic life history and
fisheries of the Atlantic tunas, billfishes and greater amberjack, Seriola dumerili, and to analyze
and to publish on the extensive data collected.

In response to the concern which arose subsequent to our presentations on the bluefin tuna,
Thunnus thynnus thynnus, situation in the Atlantic in 1973, the National Marine Fisheries Service
(NMFS) has initiated an intensive investigation of this species. We are associated in this effort
on a contractual basis.

The Cooperative Game Fish Tagging Program is now being conducted jointly with the Southeast
Fisheries Center of NMFS at Miami. The results of this program in 1974 have been good. As of early
December, we had recorded over 3,175 releases and 157 recaptures of various species of fishes.
These figures bring the cumulative totals to nearly 48,600 releases and 3,379 returns, giving an
overall return rate of seven percent. The 1974 releases (denominators) and returns (numerators)
for the iespective species of interest, with the cumulative totals shown in parentheses were as
follows: bluefin tuna, 104/1746 (2502/13477); skipjack tuna, Katsuwonus pelamis, 0/15 (85/2386;
white marlin, Tetrapturus albidus, 7/268 (166/9600); blue marlin, Makaira nigricans, 1/88 (7/972);
sailfish, Istiophorus platypterus, 12/658 (120/14530); greater amberjack Seriola dumerili, 25/131
(437/3653; and other species 8/269 (62/3981). Cooperating sport fishermen using equipment fur-
nished by WHOI and NMFS continue to cdrry out the majority of these taggings.

Bluefin tuna tagged in 1974 include 1,705 small individuals and 41 giants. The results have
provided. further information on migratory tendencies and the structure of the stocks. To date we
have six definite and one probable recaptures of giant tuna and 98 recaptures of school tuna. All
but two of the school tuna were recaptured in the general release area off the northeastern United
States, with the longest time at large being 1,466 days for a fish released as a one-year-old in
August 1970. The two distant recoveries gave the first indication of winter habitats of these
smaller bluefin. Both fish were recaptured over 200 miles east of Nantucket Island in January,
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1974. The first had been released in July, 1972 off Virginia and the other in August, 1973, off New
Jersey. In addition, we have recorded the first Western Atlantic recovery of a fish tagged at age 0.
Released in October, 1973 at 44 cm, it was recaptured in the same general area off New Jersey in
August, 1974, measuring 58 cm. Four of the six giant recoveries traced long distance migrations

while the other two were local returns in Massachusetts Bay. Two of these returns were from fish
released in the Bahamas in June 1973. One was recaptured off Gloucester, Massachusetts in July giving
the first concrete evidence of Bahama fish entering the coastal fisheries for giant bluefin off New
England and Canada. The other was recaptured off Norway in September, the second such return in as
many years. The two others were from fish released off Newfoundland in August, 1970. These were both
recaptured in July - one off Nova Scotia and the other off New England.

Length frequency data was collected from over 6,300 small bluefin taken in the purse seine
fishery from Cape May, New Jersey to Cape Cod, Massachusetts. Information on the sizes of the
larger bluefin taken by various methods between Cape Cod and Newfoundland was obtained from various
sources. The average size of the giants taken in this area continues to increase and there are still
no significant numbers of medium-sized fish (75-275 1bs) appearing in catches.

Frank Mather presented reports on '"Trends in bluefin tuna catches in the Atlantic Ocean and the
Mediterranean Sea" (Mather) and "U.S.Atlantic bulefin tuna tagging - October 1971 through October
1974" (Mason) at the Joint Meeting of the Bluefin Tuna Working Groups of 1CEs! and ICCAT? in Copen-
hagen in September and at the meeting of the ICCAT Council in Madrid in November. The ICES-ICCAT
Working Group recommended a short-term reduction of fishing intensity on giant bluefin and long-term
reduction in purse seine fishing of young fish. The ICCAT Council passed, for a mail vote by the
nations comprising the Commission, a United States proposal for a minimum size limit of 6.4 kg for
the Atlantic bluefin tuna fisheries, and a one-year moratorium on increasing fishing mortality of
larger bluefin.

White marlin taggings were disappointingly few with only 268 releases and 7 recaptures reported
to date. This is a cause for concern as overall catch rates for this species by the Japanese long-
liners continue to decline. A concerted effort to encourage sport fishermen to tag and release more
of their catches seems necessary.

Blue marlin releases total 88 and one recapture has been reported. This fish was released off
the Virgin Islands in November, 1969 and the tag was recovered in a Japanese fish-processing plant.
The fish was taken in 1974 but no other data were available. Atlantic longline catch rates for
this species have declined even more than those for white marlin. Increased tagging of small blue
marlin is urgently needed.

Sailfish returns in 1974 have reached 12 and 658 releases have been reported. Eleven of the
twelve recaptures occurred in the same general release area off southeastern Florida and the
Florida Keys. The other was recaptured in August off the coast of Cuba 540 days after being re-
leased in the Florida Keys.

1
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21nternationa1 Commission for the Conservation of Atlantic Tunas.
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One hundred and thirty-one releases and 25 recaptures of greater amberjack have been reported
this year. The two longest migrations recorded this year were from releases off Miami, Florida, in
May, 1971, and Mayport, Florida, in June, 1971, and recaptures off Jacksonville, Florida, in May,
1974, and Topsail Island, North Carolina in October, 1974, respectively.

FUNCTIONAL AND STRUCTURAL ASYMMETRY IN MEMBRANES
OF MARINE PHOTOSYNTHETIC BACTERIA
Charles C. Remsen

During the past year, with continued technical support by Brian Schroeder and Lyn Miller, and
by Dr. Edward Gonye, a Postdoctoral Investigator, we have been examining the structure and protein
composition of sulfur granule membranes and photosynthetic membranes of the marine photosynthetic
bacterium, Chromatium buderi.

The results of our gel electrophoresis work, together with the many electron microscopic
studies that we have made, suggest quite strongly that the sulfur granule membrane of C. Euderi
consists of a single protein. However, this protein is not unique to the sulfur granule but can
be traced to the chromatophore and perhaps to the cell envelope. The question of a "unit" or a
"non-unit" membrane is even less clear. The sulfur granule of some Chromatium species appear to
have a unit membrane in thin sections. However, we have not been able to demonstrate a unit mem-
brane in (. buderi or in the non-photosynthetic sulfur bacterium Thiovulwm majus Hinze (unpublished
data). In this respect the sulfur granule boundary is analogous to gas vacuoles and polybetahy-
droxbutyrate granules. It is difficult to imagine how a single protein species could be structured
into a unit membrane. A simple boundary layer for cell processes which are primarily concerned
with storage rather than complex metabolism is more easily visualized. A basic protein frame-
work would still allow for a small number of enzymatic attachment sites to convert the sulfur into
the soluble sulfate, which then can move freely throughout the cytoplasm and out of the cell.

Our findings are in agreement with those of other investigators that the sulfur granule is a
storage depot or staging area for subsequent sulfur metabolism. Additionally we have found that
the sulfur granule membrane develops as a resistant protein from the chromatophore and probably
the cell envelope (cytoplasmic membrane). The sulfur granule membrane is not synthesized de novo
but is present in the initial membrane fraction and could develop in response to latent degrada-
tive enzymes triggered by a critical level of sulfur intermediates from the conversion of sulfide
to sulfur. It is our hypothesis that in those genera of Chromatiaceae (Thiorhodaceae) that ac-
cumulate sulfur inside the cell, sulfide is trapped inside the chromatophore as it is formed, thus
providing a source of reducing power for photosynthesis. As the sulfide is oxidized to sulfur, the
chromatophore becomes less efficient as a photosynthesizing unit until the point is reached where
it is no longer functional and becomes, instead, a small sulfur storage granule. This is accom-
panied by a conversion from a unit membrane structure (chromatophore) to a non-unit membrane struc-

ture (sulfur granule). This, in effect, places a definite life-time on the chromatophore vesicle,



a fact which would account for the continual formation of chromatophores during its growth phase
under light conditions. Once the chromatophore has lost its photosynthetic capabilities due to the
utilization of sulfide and the accumulation of sulfur, it then has a tendency to coalesce with other

similar chromatophores and form the large sulfur granules that become quite apparent in these cells.

There is still a great deal of confusion as to whether the chromatophore vesicles in the
Chromatiaceae remain connected to the cytoplasmic membrane as has been shown for the Rhodospilil-
laceae, or whether they are discrete vesicles, no longer attached to the cytoplasmic membrane. Ac-
cording to our hypothesis, there is a correlation between the formation of discrete chromatophore

vesicles, intracellular sulfur deposition, and sulfur granule genesis.

A manuscript entitled "Sulfur granule genesis in Chromatium buderi" and describing these re-
sults is currently being prepared for publication. In addition, an invitation has been accepted to
write a chapter entitled "Comparative subcellular architecture of photosynthetic bacteria' to be
included in a treatise entitled ""The Photosynthetic Bacteria", edited by R. K. Clayton and W. R.
Sistron and to be published by Plenum Press.

-RESPONSES BY OPEN-OCEAN MICROORGANISMS TO ENVIRONMENTAL POLLUTANTS
Charles C. Remsen

In our continuing study on the effects of environmental pollutants on open-ocean microorganisms,
we have collaborated quite closely with members of the Chemistry Department, specifically Drs.
Vaughan T. Bowen and George Harvey, and ably supported by Linda B. Graham, Lolita D. Suprenant,

Anne C. Collins and others. '

Our primary concerns this year have focussed on two major efforts. Firstly to describe, in
some detail, the effects of bacteriostatic and sublethal concentrations of polychlorinated biphinols
(PCB) reported for oceanic waters (Harvey et al., 1973, Science 180). It is also apparent that
sensitivity to PCB follows an inshore-offshore gradient similar to that shown by Fisher et al.,
1973, Nature 241).

The lack of growth of some organisms exposed to 1 ppb of the various Aroclor mixtures is sig-
nificant in that this is within the range of concentrations found in open ocean waters, and 100 ppb
is within the range of concentrations found in surface slicks in open-ocean waters. There also
seems to be some correlation with lack of sensitivity to PCB with organisms isolated from surface
slicks. Only 13.5% of the surface slick organisms tested showed sensitivity to PCB in replicate
plating experiments, while nearly three times that number, or 33% of the organisms isolated at
various depths from 1 m below the surface down to 250 meters showed sensitivity to PCB in the same
exposure experiments. Surface slick organisms may thus have become acclimated to the higher con-
centrations of PCB and other chlorinated hydrocarbons which seem to accumulate in the surface
slicks on open-ocean water.

For the most part, bacteria exposed to PCB in liquid culture showed effects at concentrations
several orders of magnitude lower than that shown in the replicate plating experiments. This
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increased sensitivity to PCB in liquid culture was to be expected since one is observing more subtle

effects on growth rather than the bacteriostatic effect one would pick up with growth on solid media.

A number of reports have indicated that sublethal effects of PCB have a direct correlation with
chlorine content, while the lethal effects appear to be conversely correlated. Our data would appear
to corroborate this in that the bacteriostatic effect noted in the replicate plating experiments were
most often attributed to Aroclor 1242 while sublethal effects on growth rate and pigmentation were
more often associated with lower exposure doses of Aroclor 1254 and 1260. Why this is the case is
not absolutely clear; however, it has been shown previously that lower chlorine PCB's are more easily
degraded or metabolized. This means that the PCB residue tends to be more similar to high-chlorin-
ated types of PCB (regardless of the percent chlorine of the original PCB input) because the small
amounts of the high chlorinated homologies also present are more slowly broken down, and thus will
eventually dominate.

Our ultrastructural studies on Acantharia and Foraminifera continue and we are now beginning to
have a better idea on the cellular organization of these organisms. We have completed studies on
two organisms, Globeriginoides c.f. trilobus and Amphistaurus complanatus and are now in the process
of preparing manuscripts for publication.
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THE ROLE OF SUSPENDED PARTICLES AND MICROORGANISMS IN THE
TRANSFER AND CONCENTRATION OF ENVIRONMENTAL POLLUTANTS
Charles C. Remsen

In collaboration with Dr. George Harvey of the Chemistry Department we have continued our studies
on how organic pollutants move through the complex marine environment. Questions of particular im-
portance to this research are the following: a) How are PCB and DDT transported within the sea, and
what is the role and effect of microorganisms on transport? b) Is PCB degraded by microorganisms;
if so, to what extent? and c¢) Do PCB and DDT establish an equilibrium concentration between the dis-
solved and adsorbed states, or, is adsorption an irreversible process?

We have found that when PCB is allowed to distribute between water and suspended matter the PCB
prefers the latter by about 500,000 to 1 on an equal weight-to-weight basis. Furthermore, the capacity
of the suspended matter is 5-10 parts per million of PCB. These experiments thereby demonstrated
that microorganisms can become exposed to enormous localized concentrations of PCB while attached to
suspended particles in the ocean.

The first evidence of any degradation of PCB in a marine system has been discovered by iso-
lating an acidic metabolite of a PCB from aerobic seawater-sediment-microbial culture in the lab-

oratory. Since previous attempts to find PCB metabolites in marine fish were unsuccessful, micro-
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organisms may be the only marine organisms capable of degrading this class of pollutant. By using

a radioactive PCB as a tracer we discovered that a mixed population of marine microorganisms incu-
bated in an aerobic culture system will metabolize about 5% of the PCB to an unknown acid. No metab-
olism occurred under anaerobic conditions and no radioactive carbon dioxide was generated in either
system. We now have enough of this metabolite in hand to determine its molecular structure. Once
the structure is determined we can measure its concentration in the sea to determine where PCB is

being degraded by microorganisms, and to what extent.

SEDIMENT-FAUNA RELATIONSHIPS ON THE DEEP-SEA FLOOR
Gilbert T. Rowe

The abundance and biomass of organisms on the deep-sea bottom are extremely low and growth
and metabolic rates are very slow, compared to shallow water. This is believed to result from the
paucity and poor quality of detrital organic matter that reaches the bottom. The effects that the
sparse biota has on the physical and chemical characteristics of sediments, however, appear to be
accentuated in the deep-sea because of slow sedimentation rates. We are investigating how this
intensified reworking affects the sediment physical and chemical properties at the sediment-water
interface.

The most useful new method we have initiated this year has been conceptual modelling and com-
puter simulation of biological processes in surface sediments. We can picture any particular non-
conservative element, such as nitrogen, as compartmentalized in its various forms within and between
different organic and inorganic states. These "state variables' change in time and with depth in
the sediment, according to the physical conditions we impose and our assumptions about the rates
of conversion from one variable to another. The deep-sea, relative to shallow water, has an en-
vironment that is physically static and seasonless, except for, we presumed, the influx of organic
matter from above. We therefore have used the sedimentation rate of organic nitrogen as an external
"forcing function". The change of each state variable (living and detrital organic nitrogen, ni-
trite, nitrate and ammonium ion) with time is the sum of all the fluxes into each particular form
minus the conversions from that state into others. Simultaneous solution of all the differential
equations representing each variable provides estimates of the concentration of each form of nitro-

gen with time after initiation.

In environments without macroinvertebrates, movements between the artificially defined layers
of the model are dependent on diffusion alone. With invertebrates, rates of movement are much more
dynamic. The models have allowed us to estimate, roughly, the rate at which organic matter is re-
mineralized into forms useful as plant nutrients.

In our deep-ocean investigations, we now have evidence that large quantities of shallow water
grasses and benthic macroalgae are moving with bottom currents and sediments down several submarine
canyons off Puerto Rico and in the Bahamas. Knowledge of the rates at which this enters the deep
ecosystem would allow our model to estimate the effects of such overloads of the "forcing function"

on gas and dissolved nutrient production and surficial sediment mixing.
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ECOLOGICAL EFFECTS OF THE DISPOSAL OF BALED SOLID REFUSE IN THE SEA
Gilbert T. Rowe and Charles H. Clifford

A small reef of bales of shredded, compacted, urban refuse was constructed three years ago in
Great Harbor, at Woods Hole, Massachusetts, to determine its effects on the surrounding environment.
During summer months the reef generated gases, visible on calm days as bubbles on the surface. The
microbial activity generating the gases also utilized oxygen at high rates, but no depletion in the
water could be detected, due to the rapid mixing around the reef. The bales remain in place and
intact, with the exception of the split end of one bale, presumably ripped off by an anchor. The
surface of the bales serves as a substrate for many epibenthic organisms which then fall prey to
vagrant foragers and predators coming in and out of the reef's environs. We found no evidence of

coliform bacteria in the reef material and no evidence that heavy metals were being released.

A single bale, weighing almost two tons, was deployed offshore, at a depth of 1800 m two
years ago. The bale, relocated this year, remains intact and apparently physically unchanged by
its two-year stay in deep water. Biological activity in and on the bale appears to have been slight
compared to that associated with the bales in shallow water.

CARBON, NITROGEN AND PHOSPHORUS CYCLES ON THE SEA FLOOR
OF AN UPWELLING REGION
Gilbert T. Rowe and Kenneth L. Smith, Jr.

The purpose of this research is to determine the degree of coupling between biological and
chemical processes in sediments and the intensity and variability of productivity in the water
column in areas of intense upwelling. We have approached the problem with traditional sampling
to describe benthic community structure, in situ measurements of sediment oxygen demand and nu-
trient release, and a numerical simulation of the sediment nitrogen cycle.

During March, April and May of this year a major expedition (JOINT I) was undertaken by the
entire Coastal Upwelling Ecosystem Analysis (C.U.E.A.) group. The work utilized three major U.S.
research vessels, including our own Atlantis II, an aircraft and a satellite, to collect informa-
tion on the upwelling system off Spanish Sahara and Mauritania, of northwest Africa. During the
expedition, the Woods Hole Oceanographic Institution componenf, responsible for the sediments and
benthos, worked out of the Mauritanian port of Nouadhibou, on their fisheries research trawler
Almoravide, as well as on the Atlantis II.

A free-falling, instrumented tripod and several diver-placed bell jar enclosures allowed us
to measure sediment oxygen demand and nutrient release close to shore, just off Cap Blanc. A
double-spade box corer, designed and built by Ted Young for this project, was used by Charles H.
Clifford to collect pore-water samples over a grid encompassing the major upwelling. The nutrient
concentrations in the sediment pore water was one to two orders of magnitude higher than in the
overlying water, suggesting that considerable remineralization occurs in the sediments and they
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may act as a feedback mechanism for recycling some fraction of the nutrients within the system.

Other W.H.0.I. investigators involved in JOINT I with us on the Atlantis II were Richard L. Haed-
rich (fishes), who was Chief Scientist during leg 4, Pamela A. Polloni and Jean Nichols-Driscoll

(invertebrates), Stanley W. Watson and associates (microbiology) and John D. Milliman (sediments).

Biomass of the benthos, including the fishes and macrofaunal invertebrates, was relatively high
compared to coastal zones without upwelling. A peculiarity was the relatively even distribution of
biomass and organic matter in sediments, compared to typical, non-upwelling regions where biomass
drops exponentially with increases in depth and distance from shore. We tentatively attribute this
to the combination of horizontal advection and the persistence of the northwest African upwelling
along the continental shelf margin, rather than nearshore.

WASTE RECYCLING AND AQUACULTURE
John H. Ryther

The Environmental Systems Laboratory was completed and commenced operation in the late fall of
1973. The facility, in addition to a modest laboratory building, consists of: six 50'x50'x3' (deep),
35,000 gallon algae ponds, five 40'x4'x5' (deep) cement raceways, and three 40'x8'x5' (deep) cement
raceways. The seawater system is capable of delivering in excess of 650 gallons per minute to the
laboratory, the algae ponds, and the raceways. The contents of two of the algae ponds and the sea-
water feeding the laboratory and all raceways may be heated to 20° above ambient, 200 gallons per
minute of the incoming seawater may be filtered through 20 u sand filters, and all of the aquatic
systems may be aerated. Three 8,000-gallon fiberglass tanks, buried behind the laboratory, serve as
reservoirs for sewage effluent or other nutrients that may be pumped to headboxes in the laboratory
and thence distributed to the ponds or raceways.

Starting in November, 1973, the two heated algae ponds, operating at about 15°C, were fed fil-
tered seawater initially enriched with chemical nutrients (ammonium chloride and sodium phosphate) and
later mixed 50:50 with secondary sewage effluent from the Town of Wareham, Mass. These ponds devel-
oped dense cultures of the diatom Phaeodactylum tricornutum (106-107 cells/ml, 15-20 mg organic
carbon/liter) which have persisted throughout the year except for a brief period in August during
maximum water temperatures, when the diatom was replaced by a small, green alga (Stichoeoccus sp.).
These large, continuous-flow cultures were exchanged at the rate of 25% of their volume per day
throughout the winter and increased to 50% of their volume per day in April, when artificial heating
was discontinued. At that time, cultures enriched with chemical nutrients were started in the four
unheated algae ponds and were operated in the same mode. All pond cultures consisted of Phaeodactylum,
except as noted above. Repeated attempts to inoculate with or select for other species of algae
(by varying nutrients, temperature, exchange rate, circulation, aeration, etc.) proved unsuccessful.
Species control remains a major problem that will receive top priority in the coming year.
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Three hundred thousand seed oysters (Crassostrea virginica) were stocked in trays in two of the
raceways in November, 1973, and 150,000 seed hard clams (Mercenaria mercenaria) were stocked in ano-
ther raceway in January, 1974. These have been fed the 9,000 - 18,000 gallon/day harvest from each
of the algae ponds mixed with varying amounts of filtered and (in winter) heated seawater. Growth
of the shellfish has been relatively slow (from 2.7 to 4.1 cm for the oysters and from 1.5 to 2.1 cm
for the clams by October, 1974) and some mortality of the oysters was experienced, due it is be-
lieved to the exclusive diet of Phaeodactylum.

Other animals including the deposit-feeding polychaete worms, Capitella capitata and Nereis
virens and various amphipods and isopods were added to the raceways to feed on the shellfish deposits,
and 500 juvenile winter flounder (Pseudopleuronectes americarus) and 371 post-larval lobsters
(Homarus americanus) were added separately to the raceways in June and September-October respectively,
to feed upon the smaller invertebrates. The flounder grew from a mean total length of 7.0 cm cara-
pace length when stocked in September and October and weighed an average of .37 grams. Six weeks
later, they ranged in size from 8.0 to 24.5 mm carapace length and averaged 2.0 grams, a weight in-
crease of fivefold. The larger individuals were of comparable or greater size than one-year-old
lobsters in the wild.

The net flow from the animal raceways passes through adjacent raceways in which commercially
valuable species of seaweeds are grown in suspended culture, by rotary circulation provided by aer-
ation. The seaweeds provide a final polishing step in the polyculture system, removing nutrients
not initially assimilated by the unicellular algae and the nutrients regenerated by the shellfish.
Initially the red algae Rhodymenia palmata (Dulse) and Chondrus erigpus (Irish moss) were stocked.
As the temperature increased above 15°C in Spring, the cold-water species Rhodymenia was replaced
with warmer-water species (Gractlara foliifera, Hypnea musciformis, and Agardhiella tenera). All of
the seaweeds have done well in the system, but by far the most effective has been Gracilaria, which
doubled its biomass every 5-7 days during the summer. All species of seaweeds have remained healthy
and in good condition, with virtually no fouling from filimentous algae or from invertebrates.

The initial success with the seaweed culture and the fact that a world-wide shortage exists of
all of these commercial species has led to some preliminary experiments, initiated in the spring of
1974, in which these algae are being grown directly in a sewage effluent-seawater medium.

In June, one of the 35,000 gallon algae ponds was inoculated with brine shrimp (drtemi saling)
nauplii, which were fed the harvest (17,500 gallons/day) of Phaeodactylum from one of the other
algae ponds. The brine shrimp matured and produced living nauplii (in contrast to resting eggs),
quickly developing a dense culture of the crustacea that completely utilized the algal food. Har-
vest of the brine shrimp provided food for finfish and for larval and post-larval lobsters.
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DEEP-SEA BENTHOS
Howard L. Sanders and J. Frederick Grassle

During the second year of support under Grant 36554, analyses of the distributional patterns of
our deep-sea benthic transects in the Atlantic Ocean have been progressing well. Significantly
higher levels of endemism have been found in the Argentine Basin than in any of the other regions
of the deep Atlantic so far studied. These findings suggest that the bathyal and abyssal benthos of
the Argentine Basin may have faunal affinities with the Antarctic deep-sea benthos. A number of
samples from the Surinam transect and a transect in the Northeast Atlantic between Ireland and the
Mid-Atlantic Ridge have been processed during the current year.

After a period of two years we have finally been able to recover a sediment box which was
azoic when placed on the sea floor at our permanent bottom station at a depth of 1830 meters. The
animals present in the box were extremely small, and almost entirely postlarva. The size structure
was markedly different and dramatically smaller than for the benthic animals present in the control
samples collected from the immediate surrounding areas. The specimens present in the deep-sea
sediment box were also considerably smaller than the animals found in an exactly equivalent sediment
box that was placed in 12 meters of water in Buzzards Bay despite the fact that the deep-sea sedi-
ment box was on the sea floor for 25 months while the Buzzards Bay sediment box was retrieved after
a mere two months. These data support our postulation that growth rates of the deep-sea benthic
fauna are considerably slower than those of the shallow-water benthos. Further support comes from
isotope analysis done in collaboration with Dr. Karl Turekian who reveals that a specimen of a
6 mm long abyssal bivalve, Tindaria callistiformis, was at least 100 years old at time of capture.

LARVAL DISPERSAL AND ZOOGEOGRAPHY OF BENTHIC INVERTEBRATES
Rudolf S. Scheltema

Our principal effort this year has been directed to the culture of brachyuran decapod and sto-
matopod larvae, both on shipboard and in the laboratory, so that the crustacean species found in our
hundreds of open-sea, north and tropical Atlantic plankton samples may be identified (Fig.1). The
larvae of almost all species that have been encountered by us are heretofore unknown and undescribed.
The ultimate objective in our plankton studies is an understanding of the long distance larval dis-
persal of decapod and stomatopod crustaceans and its relationship to the zoogeography of tropical
and warm temperature species of the continental shelf. In connection with these studies we have
during the past calendar year participated in five research cruises to the Gulf Stream, one on our
own research vessel Knorr during early spring and four on the Eastward during our three months' sum-
mer visit to the Duke University Marine Laboratory. The collections made on these five cruises re-
sulted in the culture of more than 1400 individual larvae. Some zoea and megalopa were reared as
far as the 12th post-larval stage and these later instars we anticipate can now be identified and
related back to their larval form. Other larvae could not be maintained through so many instars
or did not molt at all. However, most reared megalopa are now identifiable at least to genus.
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Included are about 15 to 20 different species belonging mostly to the Calappidae, Dromiidae, and
other Oxystomatidae and also to the Grapsid and Portunid crabs.

The two Sargassum species of brachyuran crabs, Portunus sayi and the grapsid, Planes minutus,
although of interest in themselves are not directly related to our present problem of long-distance
larval dispersal as they are not properly continental shelf species. Their recognition in the
plankton is necessary so that they may be eliminated from our present consideration and our efforts
turned on the remaining portunid and grapsid larvae. Portunue sayi was successfully reared through
its eight zoeal stages, the megalops and early crab instars. The earliest zoes and the megalops of
Planes minutus can be recognized by us from rearing experiments and larvae captures at sea, but the
complete development of this species is not yet known.

We have been particularly successful with the family Calappidae and have started studies to
identify from this family the larvae from the Equatorial Atlantic between Africa and South America
(on the basis of the material collected from the Gulf Stream and reared in the laboratory). At
least five species of Calappa are recognizable from laboratory-reared megalops and one of these
appears to be indigenous to both the Antilles and West Africa.

Some efforts have also been made to further our studies on the bivalve family Pinnidae by
rearing veligers taken at sea and also by spawning adult individuals.

We have turned our attention to the implications of larval dispersal on the evolution of
marine forms. Most contemporary'species with a teleplanic (long-distance) larva not only have a
very large geographical range but also a fossil record extending back into the early Pliocene or
Miocene. This observation leads to the hypothesis that dispersal capability is related directly
to geographical range and inversely to rate of phyletic change and species extinction. The hypoth-
esis has been further developed in a manuscript just completed.

METABOLISM OF DEEP-SEA BENTHIC COMMUNITIES
Kenneth L. Smith and John M. Teal

The purpose of our research is to measure the metabolism of deep-sea benthic communities
in situ using a free vehicle respirometer. This device, which consists of an aluminum tripod,
acoustic release, respirometer unit, camera, and flotation, is deployed from a surface ship and
descends to the bottom. Sediment disturbance is kept to a minimum by acoustically releasing the
bell jar respirometers after tripod settlement on the bottom. The bell jar units enclose a known
volume of bottom water and sediment, and the oxygen consumption is monitored continuously with a
polarographic electrode and amplifier-recorder unit. After three to ten days the vehicle is acous-
tically recalled to the surface and recovered. We have successfully tested this free vehicle unit
to 2000 m in the Tongue of the Ocean (TOTO). During the past year we have also been trying to de-
velop this bell jar respirometer so that it will return to the surface with the intact sediment on
which the measurements were made for biomass estimates. Also under development is a pH electrode
to be incorporated in the bell jar unit to provide a continuous measurement of pH from which CO;
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evolution and subsequently respiratory quotients can be calculated. Professor Distéche of the Uni-
versity of Liége is helping in this development.

We have made several measurements of total benthic community respiration in shallow water along
the Gay Head-Bermuda transect. The deep-sea stations along this transect will be monitored during
February and March of 1975.

In shallow water we have also been conducting enrichment experiments with organic substrates
and monitoring rate changes in oxygen consumption. This work is being done in conjunction with
Stanley W. Watson, a microbiologist, who is measuring bacterial activity and biomass. Once our tech-
niques are developed we will try enrichment experiments in situ on deep-sea sediments using the free
vehicle.

Several unsuccessful attempts have been made with our fish trap respirometer attached to Alvin
in the TOTO. Fishes and other movile epifauna are attracted to this trap by bait, and once inside,
the door is closed by a manned manipulator and the oxygen consumption of the enclosed animal mea-
sured. We were successful in the San Diego Trough (Smith and Hessler, 1974), where fishes, such
as macrourids, were very common but in the TOTO mobile epifauna were rarely seen.

We are also improving the sensitivity of our oxygen monitoring system to permit more accurate
measurements of lower rates which we anticipate at abyssal depths. Additional experiments are
underway to analyze the effects of antibiotics on benthic microflora.

Reference

Smith, K. L., Jr. and R. R. Hessler. 1974 Respiration of benthopelagic fishes: in situ study.
Limnol.Oceanogr. 19 (in press).

EFFECTS OF PETROLEUM HYDRCCARBONS ON METABOLISM IN MARINE FISHES
John J. Stegeman and Dennis J. Sabo

The objectives of this ongoing research are to determine the effects of petroleum hydrocarbpns
upon various metabolic processes and on cellular ultrastructure in tissues from marine fish. We have
thus far established the normal patterns of hepatic and in some cases gill tissue, glucose metabolism,
and lipogenesis from glucose-1-Cl4, glucose-6-C14 and acetate-1-Cl4 for a number of fish species
from coastal and open-ocean waters. We have also investigated these parameters in coastal fish spe-
cies exposed to petroleum hydrocarbons in the laboratory or in the environment.

Exposure Studies

The fish used in the hydrocarbon exposure studies were Stenotomus versicolor (scup) and
Fundulus heteroclitus. We found that in vitro exposure of scup liver slices to #2 fuel oil produced
inhibition of hepatic lipogenesis from both glucose and acetate, with the effect on lipid synthesis
from acetate being greater. ETOH, a carrier for the fuel oil, produced similar though less pro-
nounced effects.
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Routes of glucose metabolism and hepatic lipogenesis were also studied in environmentally con-
taminated Fundulus from Wild Harbor and control fish from the Sippewissett Marsh. The role of he-
patic lipogenesis from glucose-l-c14 was six times greater in the fish from Wild Harbor than in the
control fish. The reverse was true for lipogenesis from glucose-6-cl4. In addition the level of
G6PD activity was elevated in the contaminated fish. A further finding was that the increased lipo-

genesis was accompanied by an increased rate of lipolysis.

Fundulus were also examined from creeks in Sippewissett Marsh treated with varied amounts of
fertilizer derived from sewage sludge. The fertilizer contains significant amounts of chlorinated
and petroleum hydrocarbons. Fish from creeks receiving the greatest amount of fertilizer showed
greater pentose phosphate pathway activity and a higher level of liver lipid than did fish from
lower-fertilized creeks. Fundulus from a region of the Hackensack River (New Jersey) contaminated
by a sewage outfall also exhibit elevated levels of liver lipid.

Baseline Studies

Studies with three bathypelagic fish species and one mesopelagic species have indicated that
both the glycolytic and pentose pathways are actively involved in glucose metabolism in these fish.
Experiments are being designed for the study of these metabolic processes under varied temperature
and pressure regimes.

Other fish examined from either local or open-ocean waters include menhaden (Brevoortia tyrannus),
yellow jack (Caranx erysos), bluefish (Pomatomus saltatrixz), striped bass (Roceus saxatilis), dol-
phin (Coryphaena hippurus), big skate (Raja ocellata), spiny dogfish (Squalus acanthias), and blue
shark (Prionace glauca). For all of these species the pentose phosphate pathway was more signifi-
cant than glycolysis in the metabolism of glucose in the liver. For the bluefish and the three
elasmobranch species the pentose shunt was by far the predominate pathway for glucose catabolism.
These species also possessed the highest percentages of liver lipid, ranging from about 22% for the
bluefish to more than 75% for the dogfish and blue shark.

SALT MARSH NITROGEN BUDGET
John M. Teal

The purpose of this work is to measure the nitrogen budget for an entire salt marsh. We are
working on Great Sippewissett Marsh which has a single entrance where we can measure gains and losses
in the water. Other parameters are measured throughout the marsh area.

We have set up a tide station deep in the marsh to give records of water height. A solid state
current meter is set up in the mouth of the marsh. From these two data sets we will calculate the
tidal volume flowing in and out of the marsh area. Measurements of various forms of nitrogen in the

water have been made over twelve-hour cycles once a month in cooperation with Dr. Edward Carpenter.

Input of nitrogen in rain water is measured at gauging stations. We have found nitrogen equiva-
lent to 25 uM NH,NO3 on the average in the rainfall which has a pH between 3 and 4.  Groundwater
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inputs will be calculated from changes in salinity between incoming and outgoing tide. Groundwater
springs on the marsh contain nitrogen mostly as NO3.

Nitrogen fixation has been measured on soil samples collected throughout the marsh in all types
of areas. Aerial photographs were taken at the same time from which the marsh has been mapped for
measuring the area of each type.

Measurements of denitrification have been made with bell jars at several sites within the marsh

from summer up to winter.

EXPERIMENTAL STUDIES OF SALT MARSH ECOSYSTEMS
John M. Teal

The study seeks to better understand the function of salt marsh ecosystems by experimentally
manipulating their productivity and species composition and following the consequent changes in func-
tion. This study has been underway for five years. Sewage sludge is used as the fertilizer to stim-
ulate production and imitate the effects of pollution in coastal area. We continue to fertilize to

maintain the productivity differences we have achieved.

This year a higher treatment level was begun of 75 g/mzlwk to try to determine the upper limit
of additions at which the marsh can function. These plots increased their production immediately,

without the delay found at lesser dosages, but otherwise the pattern of response was similar.

The two-to-threefold increases in productivity of marsh grasses continue but further changes
have occurred. The Spartina alterniflora on the low marsh has become altered toward the tall form
found naturally only on creek banks indicating the difference is due to nutrient limitation not
genetic difference. Salicornia sp. and Distichlie spicata which responded to nutrient addition in
the first years of fertilization have gradually disappeared as the Spartina spp. have increased
their production. The nitrogen content of the Spartina's, which possess the C-4 photosynthetic
pathway, has increased to the level characteristic of C-3 grasses, about 2.5% compared with the
1.5% characteristic of C-4 plants. We find the lower level in Spartina from our control plots.

Growth of underground parts of marsh plants was measured this year by coring the mud, re-
placing the core with sand, and subsequently coring the sand and counting roots and rhizomes con-
tained therein. This will be compared with the biomass in the original mud cores.

We found a twofold increase in herbivorous insects, principally plant bugs, noctuid larvae,
grasshoppers, and plant hoppers in the fertilized compared to the unfertilized areas. We believe
this is more due to the increased nitrogen in the fertilized plants than to the increased plant

biomass.

Fundulus exclusion experiments have shown a dramatic increase in amphipod populations in
the high marsh where fish predation is prevented. In low marsh there was little effect of ex-
cluding Fundulus. Amphipod populations there may well be controlled by crab predation which we
have not changed in our experiments. Larval tabanid populations in the fertilized plots have
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decreased in contrast to most animals. They may be adversely affected by the pesticides in the
sewage sludge.

We have begun experiments on the relation of nutrient level to degradation of oil in marsh muds
with measurements in the Sippewissett marshes, at Wild Harbor in the oil spill area and in Hackensack
Meadowlands where oil spills are fairly common. We have also begun a study of the hydrocarbon budget
in the fertilized plots to try to measure the retention of oil by the marsh.

FOOD CHAIN DYNAMICS OF DEPOSIT-FEEDING BENTHOS

Kenneth R. Tenore

A combination of radioisotope tracer and long-term growth experiments has been used to inves-
tigate the dynamics of detrital food chains of deposit-feeding benthos comprising the mud bottom
community in Buzzards Bay. Tracer feeding experiments, properly modified to account for isotope
recycling, have been used to ascertain differences in the availability of eel grass detritus at dif-
ferent stages of decomposition to the polychaetes, Capitella capitata and Nephthys incisa. Incorpo-
ration of label increased with the aging of the detritus. Differential availability of detritus
derived from different sources might be important in food resource partitioning in benthic food
chains. The presence of meiofaunal species, typical of Buzzards Bay did not affect the incorpora-
tion rate of the detritus by C. capitata but did enhance feeding by N. incisa. Populations of
C. capitata were also cultured for five months at different daily food rations of eel grass detri-
tus and comparison of these data with the higher densities obtained by culturing on oyster bio-

deposits suggest the necessity of investigating the nutritive value of different detrital sources.

Studies have continued on the importance of the phenomenon of tidal resuspension of uncon-
solidated sediments as contributing to the food resources of the benthos. Resuspension of benthic
microalgae results in a significant contribution to the daily primary productivity rate. Tracer
feeding experiments have shown that C. capitata utilizes the small pennate benthic diatoms as a food
source. In addition, heterotrophic activity during the resuspension of detrital particles could

further increase the organic carbon available to the benthos.

CONTROLLED ECOSYSTEM POLLUTION EXPERIMENT (CEPEX) AND RECENT INTEGRATED FIELD STUDIES
Ralph F. Vaccaro

The ecological role of heterotrophic microbial populations which control the cycling of organic
matter in the sea remains our principle target area. Of particular interest to us are the observed
modifications in microbial behavior in artificially created stress situations involving controlled
amounts of chemical pollutants. Such studies are an integral part of a much broader program on bio-
logical effects currently being sponsored by the National Science Foundation under the acronym CEPEX
(Controlled Ecosystem Pollution Experiment).
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CEPEX provides a multidisciplinary approach to problems in biological effects and incorporates
diverse research specialists from the United States, Canada and the United Kingdom. Long-term ob-
jectives include improved predictive capabilities concerning the consequences of chronic exposure of
entire marine ecosystems to low-level concentrations of such perturbants as heavy metals, petroleum
hydrocarbons and pesticides. Emphasis is directed toward multitrophic community responses in terms
of biomass, energy and food chain dynamics.

To experimentally assess heterotrophic microbial activity we characteristically employ readily
available species of 14C labelled organic substrates at trace concentrations. Such studies are con-
ducted both in the laboratory and at our i gitw installations at Patricia Bay, British Columbia,
Canada. Kinetic uptake patterns obtained by this technique permit an assessment of appropriate
parameters which uniquely and sensitively describe organic carbon assimilation in a variety of ex-
perimentally defined situations.

Studies completed during the past summer at Patricia Bay were aimed at discerning the effects
of copper on the local marine community. Present indications are that copper concentrations within
the range 10-50 parts per billion cause a dramatic increase in heterotrophic activity during the
initial 3-4 days of a 20-day experiment. Plate counts indicative of total heterotrophic biomass also
show a corresponding increase in bacterial numbers. Such stimulation appears to reflect the appear-
ance of increased amounts of labile organic material due to the toxic effect of copper on the auto-
trophic component of the marine community. Actually the enhanced heterotrophic response is accom-
plished by the ascendency of selected bacterial species which show an increased tolerance for copper.
Ancillary data on phytoplankton behavior indicate that either death or lysis of primary autotrophs
is the important source of the necessary organic material and that the organic substrates involved
are typical of those excreted in dissolved form by a stressed phytoplankton population. In this
sequence heterotrophic bacteria provide a useful function by ensuring a rapid mineralization of
stress-derived organic excretions, whose endproducts provide an abundant source of inorganic nu-

trients for the development of a secondary phytoplankton regime less susceptible to copper stress.

The valuable assistance of Miss Pamela Bowman in this research is gratefully acknowledged.

MARINE BIOQACQUSTICS
William A. Watkins and William E. Schevill

The general objective of our marine bioacoustics program is to study the environmental biology
of cetaceans and other aquatic animals. Recorded sounds have been correlated with observed behavior.
Techniques of acoustic tracking have permitted glimpses into the animals' behavior even when they
were out of sight.

Analysis of sounds heard from sperm whales (Physeter catodon) has been used in the study of
their behavior. With records made on a 4-hydrophone array, we've been able to track some of these
animals by their own sounds. All of the sperm whales within range of the array of hydrophones and
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pingers temporarily interrupted their own sound production in reaction to pinger sounds. Nearby
whales remained silent for at least two minutes, and some of the more distant ones quieted for
shorter periods. These whales moved underwater at speeds of about 2 kts and downward at a slope of
10-15 degrees, usually in the direction of other clicking sperm whales.

Another interesting behavioral sequence that was analyzed is of two sperm whales interacting
acoustically. One whale with a 9-pulse coda was answered by another whale producing a 7-pulse coda,
answered in turn by the 9-pulse coda, and then by the 7-pulse coda again. This interchange of codas
continued until overlapping codas were heard and both produced 9-pulse codas, then l4-pulse codas,
and finally back to multiple exchanges of 9 and 7-pulse codas. The tracks of these sounds from the
array indicate that the S-pulse whale was stationary with the 7-pulse whale steadily approaching.
They are together at the 14-pulse codas, and then move off together for the remainder of the sequence.

Computer processing of the three-dimensional array data has been a goal this year in our acoustic
analysis program. Various commercial 'correlators' were tried to see if short-cuts in processing
could be found. Several new methods of analysis have been explored and data previously analyzed
were scrutinized with the new techniques. The results agreed with our reported acoustic locations
for sounds of the porpoise (Stenella longirostrig) and the sperm whale (Physeter eatodon) and re-
affirmed that these animals apparently do have voluntary control of the level of their sounds.

A combination of analytic techniques is required for computer analysis of whale sounds on the
4-hydrophone array. These result in compromises that provide high accuracy calculation of selected
field data but not an automated program for acoustic location. The latter appears to be beyond the
current state-of-the-art. The problems center around the difficulty of obtaining computer recogni-
tion of random whale sounds. For analysis, selected portions of analogue field data are digitized,
referenced for detailed scrutiny, filtered, signal thresholds located, Fourier spectra compared,
time differences noted, and then locations of the sounds calculated. This still is a cumbersome

method, but it has a number of advantages over previous hand analyses.

Observations of Cetacea, especially right whales (Eubalaena glacialis), from aircraft and ship
have produced the best photographs to date. Individual whales were recognized from previous years
and our knowledge of their movement has been extended by locating animals as far out as Cape Sable,
Nova Scotia. Preparation has been made toward returning to a program of marking and tagging these

animals, but the necessary permissions from the Marine Mammal Commission have not yet been received.

The sounds of right whale baleen rattling were heard both in air and underwater as whales swam
at the surface feeding. The sounds apparently were caused by surface wavelets moving the partly ex-
posed forward baleen plates against other plates in the sides of baleen. This was an adventitious
sound, obviously not purposeful, but much like some of the sounds attributed by others to an echo-

location function in other whales.
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BIOMEDICAL UTILIZATION OF THE RESOURCES OF THE SEA
Stanley W. Watson and James D. Sullivan, Jr.

The aim of this program is to find practical uses for biological products from marine organisms
in the fields of medicine and biology. During the past year we have continued to study and find new
uses for Limulus lysate, an aqueous extract derived from the blood of the horseshoe crab Limulus poly-
phemus.

Limulus lysate forms a firm clot when mixed with lipopolysaccharides (LPS) derived from the outer
cell walls of Gram-negative bacteria. This reaction is specific and can detect 10°11 gms/ml of LPS.
LPS are known in the medical field as pyrogens or endotoxins which are harmless until they enter the
bloodstream. These compounds are extremely biologically active and once in the bloodstream can cause
high fevers, chills, headaches, platelet aggregation, intravascular clotting, and a myriad of other
biological reactions. When a patient has endotoxin in the blood, the condition is referred to as
endotoxemia, and in severe cases death can result.

Because of the biological activity of LPS and because LPS is not destroyed by autoclaving, spe-
cial precautions must be taken to destroy these compounds in any drugs used for intravenous injection.
The LPS test (or Limulue lysate test) provides a convenient means for determining the presence and
concentration of endotoxins in products used for intravenous injection. We anticipate that in the

near future the LPS test will be used by all drug houses to monitor their products.

The LPS test can be used as a convenient tool to aid in the diagnosis of spinal meningitis
caused by Gram-negative bacteria. This disease may be fatal within 24-48 hours to children if not
correctly diagnosed and proper chemotherapy given at the earliest opportunity. We have worked with
clinicians at the Childrens' Hospitals in Washington, D.C., and Los Angeles and have utilized the
LPS test for the diagnosis of spinal meningitis in over 1000 children.

We have just started another collaborative program with clinicians at three hospitals in Los
Angeles to determine if Gram-negative bacteria are responsible for 'crib deaths" in newly-born in-
fants. The clinicians believe that this respiratory disease, at least in some cases, is caused by
Gram-negative bacteria which cannot be detected using standard procedures. If the clinicians are
correct in this hypothesis, the LPS test could provide experimental verification that Gram-negative
bacteria are the etiological agents responsible for death in these infants.

We have also entered into another collaborative program with Dr. Favaro at the Center for Disease
Control Laboratory in Phoenix, Arizona. This program deals with endotoxemia commonly observed in
patients undergoing dialysis. At present there are 12,000 patients undergoing dialysis in the United
States and next year, because the government is underwriting the program, there will be 40,000
patients on dialysis. Frequently outbreaks of endotoxemia occur in these patients and we are trying
to determine the cause. In the dialysis machine the blood is dialyzed against a non-sterile salt
solution. Dialysis usually takes six hours, but the same salt solution may be used to dialyze

several patients. During this period extensive bacterial growth may occur in this salt solution.
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Normally the LPS is prevented from entering the bloodstream because the dialysis membrane prevents
molecules having a molecular weight larger than 20,000 from crossing the membrane. We believe that
frequently cellulose decomposing bacteria grow on the dialysis membrane and perforate it, allowing
the LPS to cross the membrane into the blood. If this hypothesis is correct, it could explain the

presence of endotoxemia in patients undergoing dialysis. We are now in the process of testing this
hypothesis.

To fully exploit the use of Limilus lysate, the biochemical events taking place when it is
reacted with LPS must be understood. At least two proteins are involved in the gelation reaction
triggered by the LPS. LPS activates a high molecular enzyme which in turn initiates polymeriza-
tion of a low molecular weight clottable protein causing gel to be formed. An inhibitor in the
lysate prevents a spontaneous gelation and this inhibitor can be removed by chloroform extraction.
Once this inhibitor is removed, the sensitivity of the lysate is improved nearly 100 fold. We have
continued to purify and characterize the active proteins in the lysate. Using column isoelectric
focusing, the endotoxin-activated enzyme and clottable protein were found isoelectric at pH 5.5 and
9.0 respectively. Additional characterization studies will be done when these proteins have been
purified to homogeneity as judged by polyacrylamide disc gel electrophoresis.

In another program we have collaborated with Dr. Stephen Dexter trying to determine the role
of bacteria in marine fouling and the effect surface energies have on the degree of fouling that
occurs. For details, the reader is referred to Dr. Stephen Dexter's Summary of Investigations.

MARINE MICROBIOLGOGY
Stanley W. Watson

The concentration, distribution and metabolic role of bacteria in oceanic environments have
not been clearly defined because of inadequate methods. In this investigation a new method, re-
ferred to as the lipopolysaccharide (LPS) assay, has been developed to measure the concentration
of bacterial biomass within the water column and sediments of the ocean. In this test, Limulus
lysate is used to determine the concentration of lipopolysaccharides which are outer cell wall com-
ponents of all Gram-negative bacteria and which compose approximately 5-10 percent of the dry
weight of the cell. Since most bacteria in the water are Gram-negative, one can estimate the
bacterial biomass from the concentration of LPS present in samples. The LPS technique is used in
conjunction with the adenosine triphosphate (ATP), chlorophyll a and cl4 techniques to study micro-
bial biomass concentrations and activities in the marine environment.

In laboratory studies we showed, using cultures of Escherichia coli, that each bacterial cell
contains 3 x 10-14 gms LPS, 7 x 10-16 gms ATP and 3 x 10-13 gms carbon. Each cell oxidizes
4 x 10714 gms glycine/hr. Pactors derived from these values permit us to estimate the number of

microorganisms present in seawater and sediment samples and their metabolic activity.

Water and sediment samples were collected from Buzzards Bay every three weeks from July to
November. The bacterial biomass within the water column varied from 65 mg c/m2-790 mg C/mz.
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Using LPS conversion factors we estimate that the bacterial population varied from 2 x 104/ml in
August to 1 x 106/m1 in November. During this same time period the phytoplankton biomass ranged
from 614-2273 mg C/m2. These data suggest that 15% of the biomass within the water column was com-
posed of bacteria. Approximately 10% of the bacteria present in these waters was found to oxidize
glycine.

In the sediments we found that 6% of the microbial biomass was composed of Gram-negative bac-
teria. Based on ATP measurements the average total microbial biomass in the sediments, down to a
depth of 20 cm, was 13.3 gnm C/m2 while the microbial biomass within the water column was 2.2 gm C/m2.
The sediments contained 86% of the total microbial biomass suggesting that a large percent of the
carbon fixed by plants must be mineralized in the sediments. Our studies suggest that approximately
133 gm of carbon are oxidized/yr/mz in these sediments and that approximately 90% of all mineraliza-
tion in these waters takes place in the sediments.

Similar survey studies were carried out on the fourth leg of the Coastal Upwelling Ecosystems
Analysis cruise off the coast of the Spanish Sahara in May of 1974. In shallow shelf waters the
total microbial biomass averaged 6 gm C/m? while the bacterial biomass averaged 0.64 gm c/m?. In
shelf waters bacteria composed 10.6% of the total microbial biomass. In slope and offshore waters
the average microbial biomass was 7.1 gms C/m2 while the average bacterial biomass was 4.8 gm C/m2
indicating that 67.6% of the microbial biomass in slope and offshore waters was comprised of bac-
teria. The average phytoplankton biomasses in the upper 20 meters of the water column in shelf,
slope and offshore waters were 3, 1.5 and 0.46 gms C/m2 while the average bacterial biomasses in
these same areas were 0.6, 0.5 and 0.48 mg C/m2. This indicated that the phytoplankton biomass was
similar in shelf and slope waters but decreased markedly in offshore waters while the bacterial

biomass in these three water masses remained relatively constant.

These studies showed that a large percentage of the organic carbon produced in this upwelling
area moved a hundred miles seaward where it was mineralized. They also indicated that bacteria com-
prised 44% of the total biomass in the waters and sediments of an upwelling area. On the shelf 90%
of the bacteria present were localized in the sediments, while in offshore stations nearly 90% of
the bacteria were found in the water column rather than within the sediments. Similarly over 90%
of the organics tested were oxidized within the sediments in shallow stations while over 95% were

oxidized within the water column in an offshore station.

These data suggest that bacteria utilize nearly 50% of the energy captured by photosynthetic
processes in an upwelling area. The study provides the first firm estimate on the distribution,

concentration and role of bacteria in the marine environment.
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STRUCTURE FUNCTION RELATIONSHIPS OF MEMBRANES AND CELL WALLS
OF GRAM-NEGATIVE BACTERIA
Stanley W. Watson

Continuing studies on nitrifying and other Gram-negative bacteria have concentrated on the com-
position of the outer membrane, the association of lipopolysaccharides (LPS) with outer and inner
membranes and the localization of enzymes on membranes.

One of the organisms studied was Nitrosococcus oceanus, a marine nitrifying bacterium. This
organism has an unusual outer membrane referred to as the "L membrane". Thin sections of this "L
membrane" revealed that it was composed of two electron dense regions separated by an electron
opaque area and was similar in gross morphology to the "L membranes' of most other Gram-negative
bacteria. However, upon closer examination, it was found that this outer membrane differed radi-
cally both in chemical composition and fine structure from other 'L membranes'. For instance, this
membrane was not solubilized in guanidine HCL, SDS, trypsin, papain and pronase but hot dimenthy-
sulfoxide (DMSO) solubilized 80% of it. Thin sections revealed that it had a double track nature
but negatively-stained membranes were found to be composed of 40 A subunits arranged in a recti-
linear manner. Hot DMSO solubilized these subunits but left a thin backing layer which was subse-
quently found to be composed of peptidoglycan.

LPS was not detected in this membrane fraction until it was solubilized in hot DMSO. After
the membrane was solubilized it was found to consist of 40-50% LPS and 40-50% protein. This evidence
suggests that the "L membrane" of N. oceanus is comprised of subunits consisting of LPS covalently
bound to proteins. This is the first time LPS has been demonstrated to be organized in a molecular
array and the first membrane found to be composed of repeating subunits.

The fate of LPS was followed during growth and cell fractionation with cultures of Escherichia
cole, Nitrosococcus oceanus, and Nitrobacter winogradskyi. During growth these organisms excreted
50% of the LPS into the growth medium. To determine how tightly bound LPS were to various cellular
fractions, the cells were ruptured by means of a French Press and the component parts of the cells
subsequently separated by differential contrifugation. During the logarithmic phase of growth only
a small percentage of LPS was detected associated with the "L membrane", but during the stationary
phase of growth a large percentage of the LPS was found associated with the outer membrane fraction.
This evidence suggests that the LPS is covalently bound to proteins in the outer cell wall of bac-
teria during logarithmic phase of growth. This molecular arrangement appears to decrease the bio-
logical activity of LPS. During the stationary phase of growth this covalent bond is broken and
the LPS becomes biologically active.

Collaborative studies have been carried on with investigators from the Max-Planck Institute
in Freiburg, Germany, to find the biologically active portion of the LPS molecule. Preliminary
evidence suggests that the reaction of LPS with the Limulus lysate is largely controlled by the
"Lipid A" moiety of the molecule. However, the core polysaccharide part of the molecule dictates
the degree of biological activity. The biological activity of the molecule can also be decreased

if it is bound to a protein molecule.
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DEVELOPMENT OF A MULTIPLE OPENING/CLOSING NET AND ENVIRONMENTAL SENSING
SYSTEM FOR COLLECTION OF OCEANIC ZOOPLANKTON AND MICRONEKTON
Peter H. Wiebe

A multiple opening/closing net and environmental sensing system (MOCNESS) has been designed,
constructed, and ocean tested. The system is a redesigned and improved model of the net system re-
cently developed and operated by D. B. W. Frost of the University of Washington.

The system carries nine nets which are sequentially opened and closed by commands transmitted
via conducting cable from a surface deck unit. The deck unit also provides for real time display
and computer processing of parameters monitored by the subsurface electronic unit while at the same
time recording the data for later replay. In addition to the nets, the subsurface unit is composed
of an electronics package, and a mechanical net release mechanism all mounted on a rigid frame.
Pressure, temperature, conductivity (CTD circuitry from the microprofiler system developed by Neil
Brown), flow through a net, angle of the net mouth from the vertical, and which of the nine nets
is open are monitored. The mechanical release motor turns an escapement crankshaft sequentially
releasing the nets to an open then closed position. The nets are 1 m x 1.4 m at the mouth.

The system was successfully used on R/V Atlantis II cruise 75, leg IV (October 1974) to ex-
amine vertical and horizontal distributions of zooplankton in the Northern Sargasso Sea, and slope

waters to depths of 800 meters.

LONGHURST HARDY PLANKTON RECORDER BIAS STUDIES
Peter H. Wiebe

The Longhurst Hardy Plankton Recorder (LHPR) has been in use since 1966 to take discrete
sequential samples of zooplankton on a scale of from five to 120 meters per sample. This work has
been done by some 25 investigators using 14 different versions of the device. While there has
always been an awareness of the possible sampling biases in the net-recorder system, there have
been no systematic studies of any LHPR to ascertain the kinds of biases, their magnitudes and the
means of eliminating or reducing them.

For the past year we have made an intensive study in both the field and under laboratory con-
ditions of the factors governing LHPR biases. A special test frame allowed LHPR net length, net
mesh size and recorder box design to be varied. Animate and inanimate test particles of different
sizes and shapes were then injected into the LHPR in its various configurations and under various
tow speeds. The injections were either as instantaneous pulses or as a continuous stream of parti-
cles. The biases were determined by analyzing the spatial distribution of the injected particles
along the recorder gauze tape. In addition, flow rates through the nets and recorder boxes were
measured to help understand the hydrodynamics of the filtering processes. This work used an elec-
tromagnetic flowmeter designed and built by John Kanwisher and Kenneth Lawson.



Field studies were done in Buzzards Bay and the northern Sargasso Sea. The Deep Water Basin of
the U.S. Naval Ship Research and Development Center, Carderock, Maryland, was used to test the sys-
tems under conditions free from ship motions, speed variation, and clogging. The wide range of bio-
logical conditions, from the essentially sterile Deep Water Basin, to the highly eutrophic Buzzards
Bay, allowed us to assess the effects of clogging.

While data analysis is still in progress, three important results have been obtained:

1) Recorder boxes must be designed using the same principles as plankton nets. That is, the
ratio of open area of the filtering gauze to the throat area (R) should be about three or greater
to insure acceptance of at least 85% of the water presented to the recorder by the net. All re-
corder boxes built prior to our tests accept only 60-70% of the water. Thus there is an unavoidable
mixing of organisms in front of the net cod end. Clogging of the recorder gauze during the sample
interval further increases the severity of the problem. We have built a new recorder box which is
at least 95% efficient and should be able to filter effectively, even with some clogging.

2) Clogging of the net ahead of the recorder can cause rapid deterioration of the resolving
ability of the LHPR. Comparative tests showed that both the new and old recorder boxes had greater
biases in eutrophic Buzzards Bay, presumably because of net clogging. The severity of the clogging
observed in the Buzzards Bay tests suggests that LHPR's using nets are not feasible in such rich
waters. However, for many species, an efficient recorder design should give sufficiently large,

unbiased samples without a net.

3) 01d OHPR recorder box designs lose as many as 50% of the injected particles due to extru-
sion out the slot through which the gauze passes. Our new box design has reduced this loss to
about 20% by using pressure pads to seal the slots against the gauze. Further improvement is
necessary to completely solve this problem.

Our tentative conclusion is that the LHPR, with a correctly designed recorder box, can be
used to sample small-scale zooplankton distributions to a scale at least as fine as 30 meters, and
probably, to less than 15 meters. Clogging conditions are critical, however, and where performance

is degraded by it, no net should be used.

Loren Haury was co-investigator in this research.

RELATIONSHIPS BETWEEN ZOOPLANKTON DISPLACEMENT VOLUME
WET WEIGHT, DRY WEIGHT, AND CARBON
Peter H. Wiebe

Interconversion of various measures of zooplankton biomass have great utility in studies re-
quiring non-destructive techniques, as for interpretation of past data. Since previously-published
conversion factors were based on small numbers of observations and have been generally regarded as
unreliable, we sought to establish predictive relationships between biomass measures using a larger
data base. We found the appropriate regression to use is the geometric mean estimate which provides
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a regression line in which the regressions of X on Y and Y on X are identical. We have employed this
type of analysis to determinations on samples from diverse sea areas in different seasons and have
determined that statistically significant relationships exist between carbon, wet weight, displace-
ment volume, and dry weight. The slope of the regression line for log transformed values for carbon
vs. dry weight and wet weight vs. displacement volume was sufficiently close to unity to assume a
straight percentage conversion between these values. Carbon was 31-33% of dry weight and wet weight
was 72-73% of displacement volume, according to our techniques. Comparability of different tech-
niques for a biomass measurement may be poor, especially in the case of displacement volume and wet
weight measurements due to variations in the interstitial water content. Moreover, interstitial
water content varies inversely with total biomass density, which accounts for the absence of a sim-
ple percentage relationship between wet weight or displacement volume and other measures of zooplank-
ton biomass.

TRANSPORT OF ORGANIC MATTER TO THE DEEP-SEA FLCOR
Peter H. Wiebe

The "rain of particles" to the deep-sea floor has long been suggested as one means of supplying
nutritive material to organisms inhabiting the deep-sea floor. However, the major difficulty in
attempting to sample these particles at great depths to assess their importance stems from their ap-
parent rarity in the water column relative to most deep POC (particulate organic carbon) which is
thought to be largely refractory and sinking at minimal rates. At the present, evidence is circum-
stantial that sinking of organic matter as small particles is a major pathway for food and associated
elements into the deep-sea and direct measurements are required to substantiate it. To do this,

a prototype sedimentation trap for use just above the deep-sea floor was free-fallen to a depth of
2150 meters on the axis of the Tongue of the Ocean canyon on January 3, 1974. On March 6, it was
successfully recovered with the assistance of DSRV Alvin. As part of an on-going analysis,filters
in the trap bottom were analyzed for carbon and nitrogen and PCB/s. Portions of filter material
were examined with light and electron microscopy.

Total carbon (inorganic and organic) on the filters as determined by high temperature combustion
of eight aliquots averaged 1560 mg C/m2 or an average on a daily basis of 24.8 mg C/mz. Four sim-
ilar filter aliquots were fumed over cold phosphoric acid for one hour after which they were analyzed
for carbon (X = 6.35 mg C/mz/day). These values suggest that 26.5% of the total carbon reaching
the sea floor at 2000 m in this area is organic in origin. Fecal material is one readily identi-
fiable component of the material contributing to the organic fraction on the filters. Counts of
fecal pellets on filter aliquots suggest an average of —~ 650 pellets/mzlday are reaching the trap.
These counts are possibly an order of magnitude smaller than actually occurred on the filters be-
cause some of the material was lost during recovery of the trap, and also because some of the fecal
pellets being extremely soft, lost their form and could no longer be positively identified.

These and other findings are presently being incorporated with a description of the trap into
a manuscript to be submitted for publication.



B-46

THE BIOLOGY OF GULF STREAM COLD CORE RINGS
Peter H. Wiebe and Edward M. Hulburt

Classically, two strategies have been used for study of the causal factors responsible for the
development and maintenence of biogeographic patterns of plankton organisms: Transect sampling of
transition regions permitting the investigator to observe sharp changes in the abundances of species
while simultaneously monitoring the physical-chemical environment; and repetitive sampling of a
species and its environment within its home range to observe seasonal or yearly change. While both
approaches have yielded valuable insight into factors which are strongly correlated with species

occurrence and/or abundance, interpretation of causal mechanisms has not been possible.

Gulf Stream cold core rings would appear to provide a third alternative to study factors
responsible for the maintenance of biogeographic boundaries. The formation of a ring constitutes
the beginning of a large-scale invasion of slope water organisms into the Sargasso Sea community.
The processes of change in the ring community composition and the ring physical-chemical environ-
ment are substantially different from those which occur in the slope water or Sargasso Sea, or
across the slope water/Sargasso Sea boundary. Documentation of the processes of change should pro-
vide unique insight into the role various features of the environment play in regulating plankton
populations.

This year on R/V Knorr 38 (March) we sampled a cold core ring estimated to be greater than
nine months old and on R/V Atlantis II 85 IV (October) we sampled a large meander believed at the
time to be in the process of forming a ring. As on past rings cruises, physical, chemical, and
biological observations were made inside and outside the ring (meander) and in slope water mnorth
of the Gulf Stream.

We now have the data analyzed from four cruises to cold core rings of different ages which
show that rings retain for months after formation, a biological composition recognizably distinct
from that of the surrounding Sargasso Sea. The biological features and nutrient chemistry as
well as physical structure of the young rings show strong affinity to the slope water. Biologi-
cal distinctions between the older rings and the Sargasso Sea are less clearly defined, yet are
measurable. The fact that physical features of older rings remain clearly distinct, especially
at depths greater than 200 m has led to our tentative conclusion that the decay rates of the
slope water assemblage is more rapid than the decay rate of the physical properties associated
with ring structure. We have previously speculated that this possibly occurs as a result of bio-
logical interaction between Sargasso Sea and slope water assemblages precipitated by rapid mod-
ification of physical and chemical properties of ring surface water.
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Geochemistry
PETROLOGICAL AND GECCHEMICAL INVESTIGATIONS OF SEAFLOOR BASALTS AND
BASEMENT ROCKS OBTAINED IN THE (JOIDES) DEEP-SEA DRILLING PROGRAM
Geoffrey Thompson and Wilfred B. Bryan (Woods Hole)
Frederick A. Frey and John S. Dickey (MIT)

Basalt samples from the Deep-Sea Drilling Program (DSDP) present a unique opportunity to study
stratigraphic relationships and variations at a single site, to study samples collected from regions
inaccessible by conventional dredging techniques, and to study compositional variations in different
tectonic, geographic and temporal provinces. The aim of these studies is to understand the genesis
and composition of the oceanic crust.

In 1974 we completed and published studies of the basalts obtained during Legs 2 and 3 of the
DSDP in the Atlantic Ocean, and our studies of basalts and their derivatives from the Ninety East
Ridge in the Indian Ocean. Our major effort in.the laboratory was on studies of basalts obtained
on Leg 11 in the North Atlantic, and Leg 34 on the Nazca plate in the Pacific Ocean:

Leg 11, Western Atlantic Ocean

Major element analyses of basalt glass and minerals, and minor element analyses of fresh and
altered glass or rock, show that pre-Oxfordian basalts from Sites 100 and 105 in the Western Atlan-
tic lie within the compositional range of modern ocean ridge basalts. At Site 100, the 14 m of
basalt penetrated shows evidence of no more than two cooling units. In some samples plagioclase
and pyroxene are on the liquidus and there is slight enrichment in elements such as the light rare
earths, suggesting a moderately fractionated composition. At Site 105, abundant glassy selvedges
throughout the 11 m cored, the textures of the crystalline rock, and minor chemical variations in
the fresh rock and glass, indicate penetration of a pillow lava sequence of remarkably constant com-
position. This basalt is more mafic than at Site 100, with olivine and plagioclase on the liquidus.
Rare earth elements appear unaffected by weathering but there is considerable mobility of Cu and Zn
in the altered rocks, with concentration of these elements in the overlying sediment.

Leg 34, Nazca Plate

Geochemical studies of basalts from Holes 319 (16 million years), 320 (28 million years), and
321 (40 million years) of Leg 34 indicate that in all cases they are large-ion-lithophile (LIL) de-
pleted tholeiites typical of ocean floors; that is, they are depleted in light rare earth elements
(LREE) relative to chondrites and have low abundances of K, Sr, Ba and Zr relative to island and con-
tinental basalts. Samples from Hole 319 and the upper cooling units of 319A have K20 (0.04%) and
TiO2 (1.17%) concentrations similar to those of tholeiitic basalts from the East Pacific Rise. Com-
pared to the upper flow units, the lower units of 319A have higher concentrations of elements such
as V, Y, Zr, Sr and REE and lower concentrations of Ni, Co and Cr. 1In Hole 320A the upper units
are similar to the upper units of 319. One lower unit in 320A is texturally and petrographically
different and shows higher concentrations of elements such as K, Ti, Fe, V, Y, Zr and lower concen-
trations of Mg, Cr and Ni. Hole 321 is similar in composition throughout. Compared to the other
sites, these basalts have higher concentration of Fe, Ti, Ba, V, Y, Zr and heavy REE (30 x chondrite),
and lower concentrations of Mg, Ni and Cr.



The geochemical and petrographic evidence is compatible with an origin of these flows at a
spreading center. Differences in composition, particularly for the major elements, between flow
units and sites probably represent differences in the degree of fractionation of the original magmas.
Differences in trace element composition can be ascribed in part to these same processes and in part,
particularly for the LIL elements, to differences in the original magma compositions reflecting dif-
ferences in degrees of partial melting of the source materials or mantle inhomogeneities.

Future Work

At the latter end of 1974 we received samples from the deep basement drilling (500 m penetra-
tion) in the North Atlantic on Leg 37. We will be studying these and comparing them with basalts
obtained from the nearby spreading center in the French American Mid-Ocean Undersea Study (FAMOUS)
area of study. In addition, we have obtained and are beginning work on a selection of basalts
from twelve different sites in the Eastern Indian Ocean. These will be studied with a view to
making overall comparisons and synthesis of the crust of that part of the Indian Ocean.

GECCHEMICAL STUDIES OF ROCKS FROM THE ATLANTIC OCEAN
Geoffrey Thompson

Studies of the structure, geology, petrology and geochemistry of selected regions of the
Mid-Atlantic Ridge and adjacent seafloor have been undertaken over the last ten years. In all we
have studied ten different regions, ranging from 43°N latitude to 22°S. The aim of these studies
is to understand (1) the nature, composition and characteristics of rocks originating at, and away
from, spreading centers; (2) the geochemical evolution of the oceanic crust and mantle; (3) the
interaction of seawater with oceanic basement rocks.

In 1974 our studies were principally directed to four different regions and to two aspects of
the rock-seawater interaction.

43°8

In cooperation with Akiho Miyashiro and Tsugio Shibata of the State University of New York at
Albany (SUNYA) and Frederick Frey of Massachusetts Institute of Technology (MIT), we have begun
studies of the basalts and peridotites obtained during cruise Atlantis II-32 from the ridge and
fracture zone at 43°N. Our analyses to date indicate that the basalts from the median valley,
although tholeiitic in character, have anomalously high concentrations of certain large-ion-
lithophile elements such as K, Ba and rare earths. Basalts erupted in the fracture zome differ

from the spreading center basalts and are alkaline in character.

King's Trough, North Atlantic

Studies of a collection of basalts we obtained from the King's Trough during Chain Cruise 105
were begun this year. Our preliminary data indicate that the basalts in the trough are very dif-
ferent in composition from those at the present day spreading center at this latitude, and probably
represent a later volcanic extrusion through older oceanic crust.
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22%
Studies of the basalts and gabbros from a large transverse fracture and adjacent ridge sections,

collected on Cruise 60 of R/V Atlantis II were the major part of a Ph.D. thesis by Beverly Carroll
of M.I.T. done in collaboration with us and Frederick Frey at M.I.T. Compositional differences be-
tween basalts erupted in the spreading centers appear due mainly to fractional crystallization pro-
cesses. The gabbroic rocks in the fracture zone represent layered intrusions showing wide ranges
in composition due to differentiation in the magma chambers. The original magma compositions were
not greatly different from those found in spreading centers. Thus in this fracture zone, the long
linear ridge features appear to represent uplifted 'nmormal' oceanic basement.

New England Seamounts
In August of 1974 we led a cruise (Atlantis II-85) along the New England seamount chain. We

successfully dredged igneous rock from Bear, Pickett, Kelvin, Atlantis II, Gosnold, Allegheny, Michael,
Susan, Brenda and Nashville seamounts. In addition, ferromanganese pavement and nodules, lithified
sediments, unconsolidated sediments and glacial erratics were recovered. This collection will be
studied to ascertain the geochemical and petrographic variations within and between seamounts.

Dating of the rocks and sediments will be undertaken, in collaboration with other workers, to help
resolve the problem of the origin of the seamount chain.

Basalt-Seawater Interactions

Studies of the high temperature seawater-basalt interaction were begun in 1974 by Susan
Humphris as part of her Ph.D. thesis in collaboration with, and partly supported by, this grant.
Studies of the metamorphosed basalts indicate this reaction results in leaching of Ca from the rock
to seawater, and uptake of Mg by the rock from seawater. Other chemical changes are evident as well
as mineralogical reconstitution. Recognition of the sources and sinks for individual metals, as

well as mass balances, are an integral part of this study.

In the summer of 1974, in collaboration with Windsor Sung of M.I.T., a Summer Student Fellow,
we looked at some of the ferromanganese encrustations on basalts from the ridge flank at 23°N re-
covered on Cruise 78 of Atlantig II. Most of the encrustations and nodules show compositions
similar to other such deposits at other localities in the North Atlantic, and appear to be inde-
pendent of volcanic activity on the ridge. In one dredge haul, however, we recovered a very dif-
ferent deposit, todorokite in mineralogy and almost pure MnO2 in composition. We are presently
studying this deposit in conjunction with C. C. Woo of the U.S. Geological Survey and comparing
it with hydrothermally deposited manganese oxides from other regions to ascertain if it is indeed
the result of leaching of basement rock by heated seawater.
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SEAWATER-SEDIMENT REACTION AND MASS BALANCES IN THE CCEAN
Frederick L. Sayles and Paul C. Mangelsdorf, Jr.

Interstitial Gradients and Fluxes across the Seawater-Sediment Interface

Studies of the nature of interstitial gradients of the major ions of seawater near the water-
sediment interface have continued. Samples have been obtained by in situ methods developed in this
laboratory. Studies carried out in the Atlantic indicate that the character of interstitial gradients
varies considerably on a regional scale. In the North Atlantic, virtually all samples are character-
ized by depletions of K+, Mgz+ and 8042-, enrichment of Ca2+ and conservative behavior of Cl~ and
possibly Na*. In the Caribbean and South Atlantic (~ 3298) depletions of K" and Mgz+ are less pro-
nounced. 8042_ depletion is readily detectable only in continental margin areas. Ca2+ enrichment
is accompanied by alkalinity increases in all samples.

2+

The enrichment of Ca” amd alkalinity (HCOS-) may be attributed primarily to the dissolution of

biogenic CaCOS. However, in continental margin areas anaerobic oxidation of organic carbon by bac-

teria contributes significantly to interstitial alkalinity. In such areas, HCO3 enrichment gen-

erally exceeds that of Ca2+ and may even lead to the precipitation of CaCO, at depths in excess of

30-60 cm. In most samples, Ca2+ enrichment exceeds HCO3 increases. This is particularly true of the
open ocean profiles obtained. The discrepancy between Caz* and alkalinity enrichment indicates that
reactions other than the simple dissolution of CaCO, are occurring. These reactions must involve the
consumption of alkalinity, most probably through the release of H*. This may occur either as a con-

sequence of the aerobic oxidation of organic carbon or in the formation of authigenic silicates.

The interstitial gradients observed near the water-sediment interface are such that, if universal,
fluxes across the water-sediment interface must be considered an important part of geochemical balances
in the oceans. The fluxes of K+, Mg2+ and 8042' are into the sediment, balancing, in part, the addi-
tion of these elements to the oceans by rivers. Ca2+ is returned to the oceans from the sediments in
large quantities by dissolution. Although the flux of HCOS' in solution is into the oceans, there ap-
pears to be a net loss of HCOS-. This occurs through the cycling of CaCO3 through the oceans and sedi-
ments. HCOs- is removed from the surface waters as biogenic CaCO3 and settles to the sediments where
some dissolves. Concurrent with this dissolution are the reactions noted above which consume a part
of the HCOS' released. Such a removal of alkalinity, conveyed to the sediments as particulate matter,

may be an important mechanism in regulating the ocean buffer system.

Clay-Seawater Reactions

Experimental studies have been initiated to elucidate the nature and extent of the reaction
that occurs on the introduction of clay minerals into seawater. Reevaluation of the composition of
exchangeable cations on a series of standard clay minerals demonstrates that previous work has been
seriously in error (see report of P. C. Mangelsdorf, this volume). Na* ions generally dominate on
the exchange sites of most clays studied, (equivalent ionic fraction of Na* = .3 to .6), particularly
montmorillonite and a mixed layer clay. Whereas previous work indicated a dominance of Mgz+ and

C32+, we have found equivalent ionic fractions for both to be relatively constant at about .3.
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Small but significant quantities of K" were also found to be taken upon exchange sites.

As has been observed previously, exchange reactions are rapid, proceeding to completion in a
few days, but reaction of the clays does not cease. Analysis of the effect of clay-seawater reaction
upon the alkalinity of the seawater indicates the continued removal of significant quantities of
alkalinity even after several months. Investigation of the nature and significance of these long-
term reactions is in progress.

Organic and Biochemistry

CARBON IN THE OCEAN AND FOSSIL CARBON
Werner G. Deuser

One of our aims is assessing the fluxes of organic carbon in the ocean, beginning with the
amount of organic carbon produced by photosynthesis in the surface water and ending with the frac-
tion of that production which is buried in the sediment. Drawing on a variety of different types
of information from biology, chemistry and geology, we have attempted to estimate long-term global
averages of the orders of magnitude of primary carbon fixation, flux of organic carbon to the deep
water, flux to the sediment, and burial rate. It turns out that each one of these fluxes is re-
duced by an order of magnitude with respect to the preceding one.

It is possible also to compare the total pool of fossilized carbon to the best current esti-
mates of world resources of petroleum, shale oil and coal, and to compare current production rates
of fossil fuels to long-term average formation rates of those resources. We calculated that the
"formation rate' of recoverable crude oil reserves is equal to no more than about ten parts per
billion of the photosynthetic production rate of organic carbon on the one hand (or 200 tons per
year in the entire world), and to the current per capita consumption rate of less than 100 U.S.
residents on the other. Expressed in other words: at our present consumption rate, twenty house-
holds utilize as much petroleum per year as has been forming per year throughout the world during
the last hundred million years.

PALEGCLIMATOLOGICAL STUDIES ON CORES FROM THE DEEP-SEA DRILLING PROJECT
Werner G. Deuser

We have continued our studies of the stable-isotope ratios 018/016 and CIS/C12 in planktonic

foraminifera separated from Deep-Sea Drilling cores from the Red Sea. Unfortunately, we dis-
covered a considerable reduction of the information content of the cores which may not become
apparent in other types of study. Even in cores which show no evidence of serious perturbation,
vertical mixing of successive layers of unconsolidated Pleistocene sediments during the drilling
process has obliterated much of the amplitude of stable-isotope variations caused by changing
temperatures and salinities in the past. The disturbance is greatest near the top of each core
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and decreases downward. In many of the 9-m cores only the bottom 1 to 3 m have preserved their
original layering sufficiently to retain fully the records of short-term deviations from the cli-
matic mean of several thousand years. Nevertheless, we now have a number of clearly defined records
representing periods of abnormally high salinities and/or low temperatures in the Red Sea during

the Pleistocene and we shall attempt to compare them to time-equivalent records in sediments from
the Gulf of Aden which we plan to analyze next. A comparison of the simultaneous stable-isotope
variations iﬁ the tests of identical species of foraminifera in those two neighboring but quite
different oceanographic settings will allow separate appraisals of changes in the precipitation/
evaporation ratio in the isolated Red Sea and of the worldwide changes in temperature and ice volume
in the ocean and open gulfs such as the Gulf of Aden. We hope, thereby, to find out the relation-
ship in time between high-latitude glacial and low-latitude pluvial periods.

We have analyzed separately samples of the three species Globigerinoides ruber, Globigerinoides
sacculifer and Globigerinella siphonifera wherever they occurred in sufficient numbers. Consistent
differences in either 018/016 or C13/C12 or both between species are common and may yield informa-
tion on the vertical hydrography of the Red Sea in the past. Particularly interesting in this re-
gard is our observation that over the last 500,000 years the difference in the 018/016 ratio be-
tween G. ruber and G. sacculifer has changed by almost one part per thousand. Unless one of these
species has undergone a change in its physiology or habitat preference this observation signifies
a decrease in the vertical temperature and/or salinity differences in the near-surface water of the
Red Sea during that period.

ORGANIC CHEMISTRY OF THE SEA
Max Blumer

Long Range Scientific Objectives

Organic compounds are abundant in the sea and occur in a compositional complexity that is not
yet fully understood. My research has been concerned with and continues to ask the following
questions:

(1) Which processes are responsible for the formation of marine organic compounds and where
are the principal sources?

(2) How complex and how variable is the chemical composition of the marine environment;
can the complexity and variability be explained in terms of physical, chemical and biological

processes?
(3) How do organic compounds interact with the biota and the non-living components of the sea?

(4) What is the long-term fate of organics in the sea and which processes are involved in
transformation and removal?

Because of my background and experience, my research has concentrated on the study of marine
hydrocarbons, lipids and pigments. This work, extending over the past fifteen years, has contributed



to our knowledge of the sources, composition and persistence of organic compounds in the sea. As new
analytical techniques have become available, the scope of questions has widened and the apparent
complexity of nature has increased. This forces me to re-examine our approach to marine geochemistry
and the role that further development of highly resolving analytical techniques will play in this
field.

PROGRESS OVER THE PAST YEAR

The Complexity of Marine Organic Chemistry

Organic geochemistry and marine organic chemistry have interacted with and profited greatly
from natural products organic chemistry. Initially, the natural products approach (isolation, struc-
tural elucidation, functional interpretation) could be applied to selected individual compounds; the
approach was fruitful, it led to the recognition of new compound classes in the environment, and to
a degree, to insights into their involvement in environmental processes. As the development of
highly resolving analytical techniques progressed during the last decade, it became apparent that
the marine environment is far more complex than natural products chemists and geochemists had anti-
cipated. We now know that at least certain compound classes (fossil hydrocarbons, porphyrins, poly-
cyclic aromatic hydrocarbons) defy complete analytical resolution by any combination of existing
analytical techmniques.

The proper evaluation of this structural and compositional complexity of the marine organic
matter is crucial for our understanding of marine processes and for the future planning of the analy-
tical approach to be used in studying the sea.

Polycyclic Aromatic Hydrocarbons in the Environment

a. Literature Survey

An extensive literature survey has revealed over 1,000 references on the occurrence, analysis

and properties of polynuclear aromatic hydrocarbons (PAH). Surprisingly, modern analytical tech-
niques (gas chromatography alone or in combination with mass spectrometry) so far have had little
impact in this field.

Though specifically compiled for our needs, the literature survey has been computer-processed
according to key words and is available from this Institution or through the National Technical
Information Service.

b. Methods

b1. Analysis of Aromatic Hydrocarbons in Marine Sediments

Environmental samples contain PAH from many sources, usually in trace amounts and in the pre-
sence of many other extractable materials. Specific and relatively simple techniques, such as ad-
sorption .chromatography with subsequent spectrophotometry or gas chromatography, determine reliably
some aromatic hydrocarbons in simple environmental mixtures. However, no previously existing
method separated and resolved adequately the entire PAH fraction on a milligram-to-microgram scale
and on samples that contain a very large excess of non-hydrocarbons. We have developed a new



isolation technique which utilizes a sequence of gel filtration, adsorption chromatography, charge
transfer complexation and distillation from the mass spectrometer probe into the source area. A high
degree of resolution is achieved, since each process responds to a different chemical or physical
property of the Polycyclic Aromatic Hydrocarbon (PAH). The resulting analytical scheme, though in-
volving numerous steps, is basically simple and rapid. In all operations, except the final fractiona-
tion, only two consecutive fractions are collected. One of these contains the PAH concentrate, the
other is rejected.

The final structural interpretation considers the chromatographic mobility, the ultraviolet (UV)
and mass spectra, the relative volatility and the appearance in the mass spectrometer of the initial
masses of the different and overlapping homologous series. This method is the first one that re-
solves adequately the complex environmental PAH mixtures, including those containing a contribution
from fossil fuels. With PAH concentrates in the microgram-to-milligram range it yields 1-10 kg range.
Our analytical semsitivity hinges on that of the mass spectrometer; at nanogram sensitivity, a milli-
gram sample provides a dynamic range of six orders of magnitude. This is adequate to assess the
presence of minor series even in a mixture that may well contain tens of thousands of different in-

dividual compounds.

b2. Porous Layer Open Tubular (PLOT) Gas Chromatograph Columns

Professor Nikelly and I have compared the independent development of PLOT columns in his and our
laboratory (referenced in last year's Summary to ONR). Both techniques prepare efficient columns
rapidly and our techniques are now used by other investigators at Woods Hole and elsewhere.

bs. A Scan and Display Control for Magnetically Scanned Mass Spectrometers

Magnetically scanned sector mass spectrometers yield excellent spectra, covering a wide mass
range. The spectral display is most reproducible if the magnet is cycled continuously in order to
establish a constant hysteresis history.

We have adapted a single sweep spectrometer to continuous cycling. A simple and flexible con-
trol initiates and times the magnetic up- and down-sweep, erases and triggers a storage oscilloscope,
advances and arrests the photographic recording chart and actuates an event marker on the recorder
of the associated gas chromatograph.

The scan control provides great flexibility and reproducible spectra. It has operated reliably
for several years and is most valuable during gas chromatographic and probe operations, when it
frees the operator from routine manipulations and permits immediate readjustment of operating con-
ditions as the displayed spectra change in type and intensity. The installation has led to a con-
siderable saving in photographic chart paper.

c. Results

Our initial analyses of the PAH fraction from recent marine sediments immediately demonstrated
an unanticipated complexity of the PAH fraction. The principal series from which only unsubstitu-
ted hydrocarbons and some alkyl derivatives had been known to occur in environmental samples,
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strength over a wide molecular weight range. The minor series, previously unknown from recent sedi-
ments, cover an equally wide carbon number range. They are interpreted as the naphthenologs and

thienologs of the basic PAH series.

The elucidation of individual structures in such small and complex samples by classical methods
is a nearly impossible task. Even for crude oil, where sample size is not limited, few PAH struc-
tures have been proven by conventional methods. In spite of this, we believe that our structural
assignments stand on a comparable basis with those of other authors on much larger samples of crude
oil residues. With their adequately large samples, those authors characterized their fractions fur-
ther by elemental analysis and nuclear magnetic resonance (nmr) spectrometry. This is precluded in
our work because of the limited sample size, but we derive additional important information from the
chromatographic mobilities, the UV spectra and the relative sample volatilities.

In order to study the regional variability of the sedimentary PAH fraction and to obtain clues on
its origin, we analyzed samples that cover depositional and chemical environments ranging from continen-

tal and coastal soils to marsh and subtidal marine sediments, and from high to low redox potentials.

The molecular weight distribution within all homologous PAH series is consistent. In each series,
the unsubstituted hydrocarbons predominate and the total concentration of the isomeric homologs de-
creases nearly twofold for each additional alkyl carbon. The molecular weight distribution appears to
be independent of the depositional enviromment; also, it differs markedly from that of crude oil and
ancient sediments.

An evaluation of possible formation processes and considerations of rates and thermodynamic trends
leads us to suggest that these hydrocarbons are formed in natural fires, are dispersed and mixed by air
transport and eventually deposited into surface sediments.

Our findings have analytical, geochemical and environmental implications. The sedimentary PAH
fraction is far more complex than was previously recognized. In fact, a complete resolution into in-
dividual components; and their quantitative determination is difficult, if not often impossible. Re-
gardless of the detailed mode of origin, the sedimentary PAH fractions may be accompanied by other
organic compound classes, in similar complexity. This would imply that our present insight into the
composition of non-biological sedimentary organic compounds may be more limited, and our analytical
capabilities more restricted, than generally accepted.

We now demonstrate that the sedimentary PAH fraction contains, in addition to the previously
recognized carcinogens (benzo {a) pyrene, benz [a}anthracene) other, not previously recognized carcino-
gens (dibenzothiophene, methylchrysenes, etc.) and a wealth of other polycyclic compounds that may
comprise many biologically active compounds. Therefore, we need to re-examine the environmental toxi-
cology of the sedimentary PAH fraction. Finally, our interprgtation would imply, that carcinogenic and
mutagenic hydrocarbons occurred on the earth's surface during geologic time spans. This raises the
question of whether these compounds might have contributed significantly to the processes of natural
selection, mutation and to the evolution of species.



ORIGIN OF HYDROCARBONS IN DEEP SEA CORES
John M. Hunt

The objective of this research is to investigate the origin and distribution of light and heavy
hydrocarbons in cores of the outer continental margins and deep sea. This is a part of a long-range
program aimed at understanding the origin, migration and accumulation of hydrocarbons in marine sedi-
ments. The project involves (1) field observations such as the analysis of Deep Sea Drilling Cores
and long piston cores for hydrocarbon distribution and their relationship to organic content, lith-
ology, temperature, age and other environmental factors, (2) laboratory studies such as the low tem-
perature heating of immature marine sediments to yield hydrocarbons during the maturation process.
During the past year, the work was mainly concerned with determining the distribution of C4 - C7
alkanes and C15+ hydrocarbons in deep sea cores.

Gasoline Range, C, - C., Alkanes

Last year, it was reported that C4 - C7 hydrocarbons were identified in several Deep-Sea Drilling
Project (DSDP)} cores at the parts per billion (nanogms/gm) level. Additional cores have been analyzed
during the past year including some from the top ten-meter interval in the Black Sea. Practically all
sediments except nanofossil chalks and red beds of the deep sea appeared to contain these light hydro-
carbons. To date, a total of 27 normal, iso- and cycloalkanes that occur in petroleum have been found
in the deep sea sediments. The total yields correlate with organic carbon (correlation coefficient =
+0.75). This indicates that the hydrocarbons are forming in eitu from early diagemetic reductions of
other forms of organic matter. Most samples yielded less than 200 nanograms of alkanes per gram of
dry sediment. However, a few very high yields were obtained in the range of 1,000 to 6000 nanogms/gm.
These high yields were associated with a basalt intrusive which cooked some of the organic matter

thereby generating comparatively larger quantities of hydrocarbons.

The results also indicated that certain hydrocarbons form very early during diagenesis, while
others form late. The earliest formed hydrocarbons are generally the butanes, pentanes, 2- and 3-
methylpentanes and methylhexanes, n-hexane, n-heptane, and methylcyclohexane. The hydrocarbons that
seem to form latest are 2,2-; 2,3-; and 2,4-dimethylpentanes; 1,cis-3-, and 1-trans-2-demethylcyclo-
pentanes, and 3-ethylpentane. About one in twenty samples contain a trace of 2,2,3-trimethylbutane.
A few samples contain olefins which are now being examined by mass spectrometry. Large anomalies in
individual hydrocarbon yields are scattered erratically through the samples. For example, n-pentane
constituted about 40% of two samples and 2-methylhexane made up 31% of another. When it is realized
that an individual hydrocarbon represents only 0.0001% of the organic matter, it is understandable
that such anomalies can be attributed to a small labile portion of the organic matter. Such anomalies
would be expected to disappear when sediments are buried deeply enough to reach the temperatures at
which appreciable quantities of hydrocarbons are generated, usually greater than 50°C.

915 szrocarbons

The C15+ hydrocarbons and non-hydrocarbons were also determined for several samples which had
been analyzed for the C4 - C7 hydrocarbons. Yields of C15+ saturate and aromatic hydrocarbons
ranged up to about 200 ppm with a mean around 50 ppm. The yield of nitrogen, sulfur, oxygen com-



C-13

pounds plus asphaltenes was generally four to ten times higher than the yield of hydrocarbons. This
large excess of non-hydrocarbons to hydrocarbons is typical of organic matter which has undergone
very little alteration. Although the samples ranged in age from Recent to Lower Eocene, none of them
were subjected to temperatures higher than about 40°C which is insufficient to cause a large conver-

sion of the organic matter to hydrocarbons.

The ratio of odd numbered paraffin chains to even numbered paraffin chains in the C24 - C32
range has been around 1.5 for most samples. This indicates a predominance of marine organic matter
over terrestrial organic matter. However, a somewhat surprising result has been the high yield of
naphthenes (cycloparaffins) compared to normal and isoparaffins. The cycloparaffin fraction of the
total saturate hydrocarbons has ranged between about 80 and 90%. Since cycloparaffins are not con-
sidered to be a dominant constituent of the saturate hydrocarbons of marine organisms, the source of
these compounds must be either from microbial activity or from some types of marine life that have
not been analyzed in detail.

INPUT AND LOSS OF PETROLEUM AND CHLORINATED HYDROCARBONS
IN THE DEEP NORTH ATLANTIC OCEAN
George R. Harvey

The objectives of this work were to determine if petroleum, the insecticide DDT, and the indus-
trial chlorinated biphenyls (PCB's) have penetrated to the deep sea floor. If so, we wanted to deter-
mine the routes and rates of these chemical pollutants to their final destination in the sea.

PCB and DDT have been found in most North Atlantic sediments lying under 3,000 m or more of water.
Their rate of deposition on the sea floor has been calculated at about 2 x 10-6 g/mzlyr. However,
their rate of loss from the upper 100 m of the water column is about one thousand times faster. There
is sufficient falling particulate matter to adsorb and carry down these quantities of PCB and DDT
being deposited in the sediments. However, particulate scavenging is insufficient as an explanation
for the PCB and D