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ABSTRACT

A baseline survey of environmental quality in Long Island
Sound (LIS) was carried out in 1972 and 1973. Three cruises
were conducted to sample a maximum of 142 stationé throughout
LIS. Parameters examined were water column temperature,
salinity, dissolved oxygen, nitrate, nitrite, ammonia, urea,
iron, orthophosphorus and microorganisms; sediment types,
organic matter, calcium carbonate, heavy metals and micro-

organisms; and benthic meiofauna and macrofauna.

By a number of indices (dissolved oxygen, nutrients,
sediment organics, heavy metals and fécal coliform bacteria),
westernmoét LIS was shown to bear a considerable contaminant
load. Next in degree of waste burdens were waters associated
with several Connecticut urban areas. All ofrwestern and
central LIS exhibited somewhat degraded water quality com-

pared to that of the well-flushed eastern basin.

Densities, diversities, and assemblages are described for

' both meiofauna and macrofauna. Characteristics of both groups

were found to be more closely correlated to sediment type than
to the above water quality indices. Contaminant loads did
appear to have some effect on macfofauna, but this was as a
rule restricted to shifts in species composition; density,
species richness and diversity in the most polluted areas were

generally comparable to those in less perturbed regions.
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The report's foremost conlusion is that environmental
degradation in parts of LIS, especially the western end, was
comparable to that found in other highly stressed local areas
(Raritan Bay and the New York Bight sewage sludge and dredge
spoil disposal areas); but that this deterioration had not
affected the benthic fauna to as great an extent as in these
other systems. Several recommendations are listed for retain-
ing or improving preéent environmental quality in the various

areas of LIS, and for other possible uses of the baseline

data.
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I. INTRODUCTION
The Middle Atlantic Coastal Fisheries Center (MACFC) of
the National Marine Fisheries Service (NMFS) began a baseline

survey of the water coldmn and benthos throughout Long Island

‘Sound (LIS) in the summer of 1972. This study was necessary

for several reasons. 1) Despite the heavy and often conflicting
demands placed on LIS, there exists little synoptié data on
water quqlity for the entire Sound, and no such data for benthic
parameters. This baseline information is essential to document
future changes in LIS'water quality. 2) Our data can also be
compared to what historical information does exist to give

some idea of changes that have already taken place. 3) A large
body of baseline knowledge will serve as a managerial guide in
judging which areas may best accept further impact of man's
activities, what locatiohs cannot tolerate any further stresses,
and which areas appear already overstressed, in neéd of remedial
action. 4) Baseline data will also be instructive as to the

nature of acceptable new activities and perhaps engineering

designs and precautions to minimize impacts of these activities.

The survey's primary focus is on a detailed description of

the benthic envircnment of LIS. Due to their relative immobility,

. benthic macrofauna (defined here as invertebrates retained on a

1.0 mm mesh sieve)are considered among the most sensitive indi=

cators of environmental conditions (Boesch, 1972; Gage, 1272;
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Reish, 1972; Wilhm, 1967). Synoptic data on benthic faunal

abundance, diversity and community structure for the entire
Sound will thus go far toward establishing a yardstick for
water quality changes. Distributions of sediment heavy ‘
metals, organics, fecal coliform bacteria and benthic meio-
fauna will provide additional indices of present water quality
and future changes. These data, as well as sediment size
characteristics, are also necessary for a definitive analysis

of the observed faunal patterns.

As stated above, a comprehensi&e benthic survey throughout
LIS has not previously been attempted. Existing studies have all
been intensive investigations of smaller areas. Sanders (1956)
studied the benthic ecology of eight-stations off New Haven in
central LIS, from 1952 through 1954. His reéults are the only
historical data available for comparison with the present sur-
vey. Other benthic studies include power plant-related surveys
by the New York Ocean Science Labofétory (NYOSL) in western LIS
(Alexander and D'Agostino, 1972), and on the Long Island coast
of central LIS at Northport (D'Agostino and Colgate, 1973),
Shoreham and Jamesport (reports pending). The Shoreham area is
also the'site of an earlier ecological survey (Perlmutter, 1971).
Studies on effects of spoil disposal have been conducted off
New Haven (Rhoads, 1972, 1973a-d, 1974; Rhoads and Michael, 1974);

Guilford Harbor (Rhoads, 1973c) and New London (Naval Oceanographic
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Office, 1973). A benthic study in Niantic Bay was recently

carried out to determine impacts of an oil spill (U. S. Environ-

mental Protection Agency, 1973). The University of Connecticut
is presently undertaking a comprehensive survey of the benthos
of Fishers Island Sound; this area is considered part of LIS

in the Long Island Sound Study, and will be so considered in

this report.

Water column studies in LIS have been somewhat more extensive,

~both spatially and temporally. Riley et al. (1952, 1955, 1956,

1959, 1967) conducted synoptic surveys on current patterns,
transport and mixing, water chemistry and plankton throughout
LIS, in what is, again, the only historical study available for
comparison with present findings. Since 1969, the State Uni-
versity of New York (SUNY) at Stony Brook has been measuring
baseline hydrology throughout LIS. Parameters have included
temperature, salinity, dissolved oxygen, nitrates, nitrites,
phosphates and chlorophyll A (Hardy, 1970). Investigation of
ammonia levels was added in 1970 (Hardy and Weyl, 1970; Hardy,

1972a), and urea determinations were begun in 1971 (Hardy, 1972b).

The hydrology of eastern LIS has been thoroughly studied in
recent years. NYOSL has charted temperature, salinity, dis-
solved oxygen, nutrients and pigments in this area for the past

three years. They have also carried out studies of plankton



and circulation patterns. The University of Connecticut has
initiated. studies on circulation and the transport of suspended
material in eastern LIS, with the overall goal of determining

budgets of heavy metal wastes for the eastern Sound (Dehiinger

et al., 1973).

Water column measurements in the present survey were designed
to complement those of the above studies. Given the need to
concurreﬂfly sample the benthos, our water sampling was often
- less synoptic than in these other investigations. Also, our
sampling frequency was generally lower than theirs. However,
the previous studies have focused mainly on one to two transects
along the'east-west axis of LIS, and thus arel less able to
pinpoint areas of deteriorating water quality. Besides providing
an overall picture of water quality throughoﬁt LIS, our water

column data will also be examined for possible correlations

with benthic faunal patterns.

II. MATERIALS AND METHODS
The samplingu pattern for this survey consists of 142
stations, ﬁhe majority spaced 2-3 ﬁiles apart along consecutive
5-minute.longitude lines throughout LIS (Figure 1). This basic
pattern was augmented by adding stations inside the 20' (6.1 m)
isobath along each shoreline. Specific stations were also

occupied within the New Haven, Connecticut River and New London
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dredge spoil disposal grounds (stations 69, 123, 136); at
locations also studied by NYOSL in conjunction with power
plant operations at Shoreham, L.I. (stations 67 and 71); and
at Sanders' (1956) eight stations in central LIS (correspond-
ing to our 46, 50, 51, 55, 57, 70, 72 and 81). The latter
stations were sampled for comparison with Sanders' earlier
findings. Lafitudes, longitudes and depths are provided for

all stations in Table 1. Loran coordinates for these stations

are available on request.

The first sampling, which included all 142 stations as
well as 16 in adjacent Gardiners Bay,AL.I. ("G" stations-Fig. 1)
took placé in July and August 1972 (Cruise 1). Sixty-nine
of the LIS stations were resampled in April 1973 (Cruise 2),
at which time three stations were also established within the
Connecticut River ("C" stations). In September 1973 we re-

sampled 103 of the original LIS stations (Cruise 3). -

On Cruise 1, temperature and salinity were measured at
5 meter depth intervals using a Beckman RS-5 induction salino-
meter. On Cruise 2 and 3, we used reversing thermometers to
measure temperature, and a Beckman RS-7B induction salinometer
for salinity, in surface and bottom waters. Samples for water
chemistry were taken 1 meter from surface and bottom, using
Van Dorn water bottles on Cruise 1 and Niskin bottles on Cruises

2 and 3. Additional water samples were taken at 25 m depth



~intervals at 15 deep water stations along the Sound's east-

west axis. Dissolved oxygen was determined using the azide
modification of the Winkler technique (American Public Health
Association, 1965), with standard 0.25N phenylarsene oxide
(Hach Chemical Co., Ames, Iowa) substituted for the less

stable sodium thiosulfate.

Water samples were frozen and returned to Sandy Hook
Laboratory for colorimetric determination of nitrate, nitrite,
ammonia, urea, iron and orthophosphorus using a Technicon

Auto Analyser.

Benthic samples (0.1 m?) were collected with a Smith-
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were taken at each station. One grab was waéhed through a
series of standard geological sieves with 4 mm - 2 mm - 1 mm
apertures for benthic macrofauna analyses. Surficial materials
were removed from the second grab and refrigerated for micro-
biological study. The second grab sample was then subsampled
to a depth‘of 5 cm for meiofauna using a-plastic coring tube

of 2.5 cm inner diameter. Two other sedimant samples were
frozen in larger coring tubes (3.7 cm I.D., with sediment ca.
15 cm deep); one was uéed for analysis of sediment sizes,
organics and cérbonate, and the other for heavy metal burdens.

This same sampling scheme was followed for Cruise 2, except
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that two to five replicate grab samples were taken for macro-
fauna at some stations. On Cruise 3, two grabs were always
taken for macrofauna. No microbiology samples were taken on

Cruises 2 and 3.

Sediments were analyzed for heavy metals and microorganisms
at the Milford (Connecticut) Labdratory, NMFS, and meiofauna
investigations were qarried out under contract by Dr. John
Tietjen,MCity College of New York. These three portions of
the baseline study are subjects of separate reports. The
meiofauna study is included as Appendix A to this report.
Heavy metals and microbiology studieslwill appear as MACFC
Informal ﬁeport Nos. 48 and 43, respectively. Their method-
ologies and detailed results are dealt with separately in
the respective reports. Only highlights of these studies and
correlations with other =saspects of the overall survey will be

considered in this central report.

Sediment analyses for grain'size and other geological para-
meters were’undertaken through a contract With Dr. James Parks,
Marine Science Center, Lehigh University. Arportion of each
core sample was wet-sieved through a 62-microni screen. Retained
material was dried and weighed, then sieved through a series of
12 screens ranging from 4 mm to 62 ju mesh (at % § intervals)
on a vibratory shaker for 5 minutes. The portion remaining on
each sieve was weighed to 0.1 milligram to determine the

fractions of sands and larger material.



Material passing through the 62-micron screen wés placed
in a 1000 ml sedimentation cylinder and stirred. Twenty-ml
aliquots were pipetted off at precisely-timed intervals and
depths in the cylinder to obtain coarse and fine silt and

clay fractions, which were dried at 105°C and weighed to 0.1 mg.

Raw data were reduced by computer to weifht percent of 10
sediment size fractions. Five other sediment characteristics
were alsé'calculated'according to formulae given by Folk and
Ward (1957): mean and median grain diameter:iin millimeters,
sorting index, graphic skewness and graphic kurtosis. The
first two of these terms are self—expiénatory. Sorting index
is a measure of sediment homogeneity: a sorting index of less
than 0.35 indicates very well sorted sediments, with é large
pereentage falling within a narrow range of sizes; 1.00 repre-
sents moderately sorted sediments, and greater than 2.00, very

poorly sorted, having good quantities of sediments of widely

different sizes.

Skewness is a measure of deviation in shape from a normal
(Gaussian) curve. Positive values indicate more large size
material than expeeted, and negative skewness more fine material.
Kurtosis measures peakedness, or amplitude, of the size distribu-
tion curve. A normal distribution gives a kurtosis of approxi-
mately 1.00. Values larger than this indicate an excessively

peaked distribution curve. Lower values denote a flatter than

normal curve.



Cruise 1 values for the above sediment parameters are
averages of two replicate analyses of single core samples.
Only single analyses have been performed to date on Cruise
2 and 3 samples. Two additional portions of the original
sample were saved for chemical analyses. Both were dried and
weighed; one was treated with dilute hydrochloric acid,
washed, dried and Weighed, and the loss of calcium carbonate
(shell material) was computed by difference. The second
portion was treated with a 10% solution of hydrogen peroxide,
which oxidizes organic material; after washing, drying and
weighing, the loss of organic matter was computed by difference.
The chemical and physical hature of the organic matter is not

determined using this procedure.

Benthic macrofauna samples were initially relaxed in a
magnesium chloride-seawater soluticn and preserved in approxi-
mately 10% formalin in seawater. They were later transferred
to 70% ethanol with glycerin. Samples were sorted using micro-
scopes, and all organisms were identified to species whenever
possible. For nomenclature we consulted Pettibone (1957, 1963)
for polychaetes; Abbott (1954, 1968) for molluscs; Schultz (1969}
for isopods; McCain (1968) and Bousfield tl965, 1973) for amphi-
pods; Williams (1965) for decapods and Gosner (1971) for other
taxa. Drs. Ruth Turner and Austin Williams have aided in identi-
fication of troublesome molluscs and decapods, respectively.

Errors in identification or nomenclature remain our responsibility,




10

Macrofaunal analysis will concentrate on the higher groups,
Poiychaeta, Mollusca and Arthropoda. These three taxa comprised
the great majority of the species and individuals collected.
‘Other groups encountered included Protozoa (Foraminifera and
shelled ciliates), Porifera, Cnidaria, Rhynchocoela, Nematoda,
Archiannelida, Oligochaeta, Entoprocta, Sipunculida, Phoronida,
Ectoprocta, Echinodermata, Chaetognatha and Tunicata. These
taxa will not be conéidered at the present time due to their
infrequency of occurrence, uncertainty of identification
and/or difficulty in quantification. An exception is the

anthozoan Ceriantheopsis americanus, which often represented

sizable . biomass and has been correlated in other studies with

distributions of organics.

We have also not considered planktonic forms (chaetognaths,
copepods, mysids, larval decapods, etc.), which are for the

most part accidentally introduced into the benthic samples.

Species diversities were calculated using an approximation

of the Shannon and Weaver (1963) index: H' ¥ - %% 1n %%,

where N is the total number of individuals in the sample, and
n, is the number in the ith species. This index was chosen because
it has been commonly used in published benthic studies (Boesch,

1972), thus facilitating comparisons with the present study.
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H' has two components: number of species or species richness (8)
and equitability (J', = H'/H'max = H'/ln S). Equitability
is a measure of the evenness of distribution of individuals

among species.

Note that macrofauna analysis considered organisms retained
on 1 mm or larger sieves, and meiofauna studies on thosepassing
through a 0.5 mm sieve. Dr. Tietjen has examined and recorded
those "intermediate" organisms retained on the 0.5 mm sieve.

He reports that these forms consist principally of polychaete
fragments, and also bivalves which would in most cases have
been retained on the 1 mm sieve. These organisms will not be

further considered with either meio- or macrofauna.

On the first cruise, 44 stations were sampied for holo- and
meroplankton usiné obliqﬁe tows of a #0(0.569 mm) Nitex half-
meter net equipped with TSK flowmeter, and a #00(0.760 mm) Nitex
net mounted on a floating rectangular Glastronics fiberglass
frame for neustonic fish eggs and larvae. Tows were of 15
minutes duration at 2-3 knots. All plankton samples afe pres-—
ently in storage at(the Sandy Hook Museum with no immediate

plans for processing them.

ITTI. RESULTS
A substantial portion of the Cruise 1 information, especially
that concerned with water chemistry, was presented in an interim
report submitted to the New England River Basins Commission in

. .
oY
Decerber 1972, and is resummarized here.
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A. Temperature, Salinity

Temperature and salinity (Table 2) followed expected

patterns, as described by Riley et al. (1952, 1955, 1956),

‘Hardy (1970, 1972a, 1972b), and Hardy and Weyl (1970). Temp-

eratures were quite uniform both vertically and horizontally
in April 1973, with all values between 4 and 9°C. 1In late
September 1973 temperatures ranged from 14 to 22°, and gen-
erally igcreased from east to west, with the exception of
colder water near the Connecticut River. Again, no pronéunced
vertical stratification was observed. The vertical uniformity
of temperatures (and increasing bottom DOs,’as mentioned

below), indicate that mixing of the water column was already

well underway by late September.

Hardy (1972b) notes that a thefmocline does develop in mid-
summer, especially in the central basin; thermal layering is
also seen in our measurements for July and August 1972 (Figures
2-3). These Cruise 1 data will not be used in examining horizon-
tal patterns, since the sampling period covered six weeks, and
effects of Hurricane Agnes may have obscured the typical distri-
butions. Reflecting the storm's freshwater input, salinity
(Figures 4-5) was below 22° /00 for most surface waters in
central LIS, and down to 17.8 Yoo a mile seawérd of the -

Saugatuck River.
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Salinities on Cruises 2 and 3 increased gradually moving

west to east (from 23°/co to 29.6 in April and 25.0 to 30.6

in September). There were only small increases in salinity

with depth during this sampling period.

B. Nutrients

Distributions of all nutrients measured in summer 1972
exhibit a pattern which is by now well documented: very
large inﬁﬁts from the East River dominate nutrient distributions
and water quality throughout western LIS. Surface ammonié,
for instance, approaches 30 microgram-atoms/liter gpgat/l)
at Throgs Neck (Figure 6). These high levels agree with
those reported for August of the previous year by Hardy (1972b),
who also found ammonia continuing to increase in the East River.
A tenfold decrease in surface ammonia is eviéent as one moves
east of Hempstead Harbor. Open surface waters of the central
basin (as defined by Hardy, 1972b) had moderate ammonia levels
(generally 0.5 - 1.0 pgat/1). The-iong Island coast east of
Stony Brook showed similar concentrations. The eastern end of
the Sound was characterized by ammonia values of less than
0.5 pgat/l, again in agreement with Hardy (1972b). There appear
to be siénificant ammonia additions in the areas off New Haven-
West Haven, Oyster Bay-Northport and the Nissequogue:River,
and perhaps off New London and Bridgéport. Ammonia is also
presumably being added in the densely-populated western end, but

this cannot be distinguished from the East River input.
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Bottom ammonia (Figure 7) was also most elevated in the
western end, with values higher than in surface waters except
at Throgs Neck. In this case the "plume" of East River water

extended east to the Oyster Bay-Stamford transect.

- Surface nitrate (Figure 8) showed much the samé pattern
as ammonia, with most conspicuous inputs from the East River,
Bridgeport, New Haven and New London. Bottom concentrations
(Figure §) were greatest from Hempstead Harbor weét and off
New Haven; other areas with high surface nitrates did not
show comparable levels in bottom waters. Nitrite (Figures
10-11) and orthophosphorus (Figures 12-13) distributions also
had as their most significant feature elevated values in
western LIS. As a rule, noticeably elevated'concentrations
were confined to the Lloyd Neck area and wesfward. Values
in pgat/l for these three nutrients ranged from undetectable
to: surface nitrate, 2.76; bottom nitrate, 2.64; surface
nitrite, 3.53; bottom nitrite, 3.55; surface orthophosphate,

6.90; bottom orthophosphate, 6.14.

In April 1973, ammonia concentfations were much lower at
Throgs Neck than during the previous summer, and the decrease
moving eastward was much less marked, with values at the
eastern end slightly higher than for Cruise 1. Nitrate levels
were somewhat above those measured on Cruise 1, with extremely
high concentrations (up to 4l.6<pgat/i) at the mouth of the

Connecticut River during this period of high runoff.
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Orthophosphorus was low and uniform, varying between 0.4 and
1.0 »rgat/l except for values of 1.0 to 2.7 from Hempstead
Harbor west. Nitrite was lower than the previous summer ;

large portions of central and eastern LIS contained less than

0.1 ngat/1.

On Cruise 2 we added urea determinations to our nutrient
measurements, in an effort to better determine the effects of
sewage additions on LIS's nutrient patterns. Urea concentra-
tions were found to be less than 1 pgat/l for most of LIS.

The higher values expected in the western end were observed,
again most noticeably from Stamford and Hempstead Harbor west.
The maximum concentration was 3.24 pgat/l at Throgs Neck.

This was somewhat higher than that measured by Hardy {(1%72b)

in this area in April 1971. Hardy found thatturea concentrations
continued to increase in the East River, with a maximum of more

than 6 pgat/1 in the lower river.

The Connecticut River and its plume into LIS had elevated
urea concentrations, which were perhaps also detectable in a
large area roughly bordered by Bridgeport, New Haven and Port

Jefferson.

Values for all Cruise 1 and 2 nutrient measurements are
given in Table 2. More rigorous examination of the nutrient
distributions must wait until data from Cruise 2 are contoured

and analysis is completed on Cruise 3 samples.
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C. Dissolved Oxygen

Dissolved oxygen levels showed a strong inverse relationship
to nutrient concentrations in summer 1972. Surface DOs were
depressed, and bottom concentrations markedly so, in extreme
western LIS (Figure 14). Surface values were greater than
7 milligrams/liter (mg/1l) through most of eastern and central
LIS. There was a sharply declining gradient from approximately
Hempsﬁead Harbor west, the DO falling from 8 to less than
3 mg/l within 7 nautical miles. Lesser DO depressions were
evident off the Saugatuck River and in the areas of Bridgeport,
New Haven, New London and Huntington Bay. A significant fea-
ture of surface DO distributions was the appearance of super-
saturated areas off Hempstead Harbor, Stamford and between
Bridgepoft and Port Jefferson. Hardy and Weyl (1971) report
similar findings for August 1970. >They attribute the observed
pattern to phytoplankton blooming in response to the high
nutrient levels in this area. West of the DO maxima, phyto-
plankton standing crops may be reduced by inhibition from East

River sewage effluents (Hardy, 1972b).

Bottom DOs (Figure 15) were above 5 mg/l for most of the
central basin, and greater than 7 in the eastern sector. They
fell below 5 mg/l in deep waters west of New Haven, less than

4 mg/l‘west of Stamford and under 3 mg/l past Port Chester.
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3 There were scattered areas of still greater depletion, with

1.7 and 1.8 mg/1l at two stations in the Hempstead Harbor area,
and 1.7 near the mouth of the Saugatuck River. The poor oxygen-
ation in western LIS bottom waters during summer is by now

well-documented (Hardy and Weyl, 1971). An earlier survey of

this area by Sandy Hook Laboratory (National Marine Fisheries
Service, 1972a) revealed. the entire western end to have lowest
bottom DO (1.0 mg/l at Throgs Neck; 0.7 at Hempstead Harbor's
mouth) coincident with highest summer temperatures. In the
present survey, the Connecticut shoreline in the Bridgeport-

New Haven region also showed somewhat depressed bottom dissolved

oxygen.

The low DOs described above are of course a seasonal
phenomenon. By the time of our April 1973 sﬁrvey, colder waters
and more wind-generated mixing had resulted in near-saturated
conditions throughout LIS. DOs were above 10 mg/l for the

entire Sound during this period (Table 2).

The . relationship between wind conditions and oxygen levels -
is even mofe critical during summef. Cruise 3 samples taken on
September 12 and 13, 1973, again revealed the characteristically
low values associated with western LIS during this period (Table 2).
Two weeks later, however, bottom DOs had increased to greater

"

than 5 mg/l at Throgs Neck and above 6 everywhere else. This
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dramatic improvement was again probably related to wind-
generated mixing. Hardy and Weyl (1971) note that winds can

have a controlling effect on DO concentrations in western LIS.

D. Sediment Heavy Metals, Microorganisms

As mentioned earlier, sedimént heavy metals (MACFC Informal
Report No..48) and fecal coliform bacteria (MACFC Informal
Report No. 43) will be treated in detail elsewhere in separate
reports.’nTo summarize their findings, heavy metal and fecal
coliform distributions were clésely correlated to the.diétribu—
tions of nutrients and dissolved oxygen described above. Con-
centrations in the extreme western end of LIS were invariably
orders of magnitude higher than those in the well-flushed
eastern basin. Most of the Long Island shoreline was also low
in regard to sediment heavy metal burdens and fecal coliforms.
Deep waters in central LIS showed intermediate values, while

areas near population and industrial centers on the Connecticut

coastline had levels almost as high as the western end.

E. Sediment Organic Matter

Distribution of sediment organic matter for Cruise 1
(Figure 16)* showed a pattern similar to that for the above water
and sediment constituents. Much of LIS, especially along the
Long Island coast and in the eastern basin, had less than 1%

organic matter in sediments. The highest values, as usual,

*Note that due to the computer program used, all map values are
0.01% lower than actual values.
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were found from Hempstead Harbor west. The Eastchester Bay,
Davids Island and Mamaroneck aréas all had between 9 and 10%
organics in sediment. Highly organic sediments were also
found in a band between Bridgeport and Crane Neck, in several
other patches of mostly deep water in the central basin, and

to a lesser extent off Stamford, New Haven and New London.

The high values at the west end and near other cities
obviously bear a relétion to nutrient and sewage additions in
these areas. There are several possible explanations for
raised organics elsewhere. One large patch begins just east
of the New Haven dumping ground, and may represent an increased
organic load due to release of organic spoils dredged from New

aven Harbor. The patches nearest the Long Island shore are
located in the general area where very large chlorophyll-A
values have been observed (Hardy, 1972b), perhaps due to
upwelling. Elevated sediment organics may be linked to

heightened plankton productivity in this region.

Sediment organic content can also be expected to show a
relationship to sediment size parameters. vAreas with high
percentages of fine sediments can be assumedrto have a current
regime favorable to the depositionvand retention of organic
material and finé inorganics. Where sediments consist mostly
of coarser materials, stronger currents have probably caused
winnowing out of most organics along with the fines, and

prevent settling of new material.
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Organics were indeed found to be closely associated with
aréas of fine sediment in the present study. Mean sediment
diameters throughout LIS are contoured in Figure 17, and
percent silt-clay in Figure 18. The former parameter is a
standard feature of sediment size analysis. The latter gives
another measure of amount of fine material, but is included
principally because it often dictates faunal distributions.
The ten contouring lévels for silt-clay content are defined
by the terms of the exponential series 1.6 (X) .  Thus level 1
consists of sediments with 0-1.6% silt-clay; level 2 = 1.6-
2.56% silt-clay;..level 5 is 6.6-10.5% silt-clay...and level 10,
68.7-100% silt-clay. We chose this series because we felt it
important to examine smali changes in silt—claj at the coarse
end of the sediment scale; and because 1.6 is‘the smallest
number whose 10th power covers 100% of the silt-clay range.

A graphical treatment of sediment size distributions by

station is given in Figure 19.

A comparison of the contour maps for organic matefials
and percent silt-clay shows that organic loads above 1% are
strongly associated with silt-clay fractions of greater than
43%. Just three exceptions were found among the 34 stations

with this much organic material. Station 57, with 2% organics,

still had a considerable silt-clay fraction (35%). Only at
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stations 94 (3% organic, 16% silt-clay) and 112 (4% organic,
9% silt-clay) were appreciable amounts of organic material
associated with predominantly coarse sediments. This finding

remains unexplained.

Also puzzling is the seasonal change in organics at many
of our stations. Data for Cruises 2 and 3 have not yet been

mapped, but are presented in Table 3.

F. Sediment Carbonate

Sediment chemistry also included examination of calcium
carbonate content. This is perhaps of interest from a bio-
logical viewpoint, as large amounts of CaCO4 (usually as shell
material from dead molluscs) could possibly affect faurna by
preventing contact with the sediment surface (Sanders, 1956),
or by increasing niche diversity. >Table 4 gives data for

CaCO3 in sediments on all cruises. Values showed no apparent

relation to depth, geographical area or sediment type, except

A perhaps for more CaCO3 near the Connecticut coast than near Long

Island. Concentrations were often quite high, and exceeded
30% at stations 3 and 91. As with organics, there were often

large seasonal fluctuations in carbonate at a given station.

G. Sediment Sizes

The contour maps for sediment size parameters, discussed

above in relation to distribution of organics, further reveal
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that most of the deep or offshore waters in central and western
LIS were characterized by fine sediments, with a mean grain

diameter (Figure 17) of less than 0.0625 mm (coarse silt) and

a silt~-clay content (Figure 18) greater than 68%. Inshore

stations along Long Island, east of Hempstead Harbor, as a rule

contained less than 2.6% silt-clay and had mean grain diameters
§ greater than 0.5 mm (medium sand). Connecticut coastal sedi-
ments were on the whole much finer, often falling in the same
categories as for the offshore stations described above. - This
shoreline's sediment was less homogeneous, and had several
stations with large amounts of sand, gravel and/or coarse

shell material.

The sediment maps illustrate several interesting features
of LIS's bottom t0pog£aphy. A bar of coarse~sediments extend-

% . ing out from Eatons Neck corresponds to a shoal area projecting
out from this peninsula. Sediments also become coarser in the
vicinity of Stratford Shoals. The iarge submarine ridge sep-
arating the central and e