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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.



ITI.

III.

1v.
VI.
VII.

VIII.

TABLE OF CONTENTS

INTRODUCTION. . eeeeeass cecesecsitacescsscenansenans ol

MATERIALS AND METHODS. vt eeensoececceennssacoanssenssd

RESUL TS . st ettt v eesosssssscsecoscscnsssscssssnaasnaes 11
A. Temperature, Salinity...eeeieeceaosss teeesaan 12
B. NutrientS........ceeeeceens G eees s es e vee.al3
C. Dissolved OXYgEeN..u.teeeeessconacsosancnnasas 16
D. Sediment Heavy Metals, Microorganisms....... .18
E. Sediment Organic Matter.......eeeceeeceenanna .18
F. Sediment Carbonate€........... Cheeeereeaeea ...21
G. Sediment SizeS....viceettneeens P §
H., Meiofauna.......ceeeeenecancenaase cececessesesl3
I. MacrofauUna......eeeeeecesoencans S~ '
1. Fine Deep Water SedimentS......ceeeeeeeas 24

2. Coarse Shallow Water Sediments (Long
Island coast)..cveeeeeeaann G X
3. Coarse Deep Water SedimentsS......cesecee- 37

4, Transitional Shallow Water Sediments
(Connecticut-New York COaSt) . veeneeeeeens 39

5. Comparisons with Other LIS SurveyS.......43

CONCLUSIONS....... “eseersectecaacas ;..............63
RECOMMENDATIONS . s sttt eeseeesssnsssnasossscosassas 67
ACKNOWLEDGMENTS. ittt teeeenaccenannses B §
LITERATURE CITED.....ceeveecacnncns sesessscranoas 73
.LIST OF TABLES AND FIGURES........ ceee e csa s 85

APPENDIX A




wirabho

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,
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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




18

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 eastern basins of LIS (Mattituck Sill -
Hardy, 1972b) is clearly shown as the beginning of a zone of
coarse sediments which continues to the eastern end of the
Sound. Cgarser sediments are expected here, since currents are
appreciably stronger than in the central basin.} More surprising

is the existence of an area of fairly coarse material off New

Haven.
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"H. Meiofauna

The benthic meiofauna investigation is another portion

of the study carried out under contract and discussed in a

separate report (Appendix A). Several of its major conclusions

will be repeated here. Most significantly, no trends in

abundance of diversity could be attributed specifiéally to

geographical location or contaminant load. Overall meiofauna
densitieépwere greatest in the western end of LIS, and were
higher along the Connecticut coast than further south. Dif-

i% ferences between adjacent areas were not significant, however.
All densities.. {and diversities) were within published ranges
for subtidal temperate areas. Nematodes were by far the dom-
inant meiofauna taxon. Their abundance was significantly
correlated with organic matter (p< .01l), as well as with
percent silt-clay (p<.05). This is of course expected, since
these two sediment parameters were shown above to be highly

g correlated. Species diversities increased with median grain
size, but bore no significant relation to geographical area or
total heavy metal content, the latter used as an index of pol-
lution. Stations with mud sediments showed'sbme within-habitat
species affinities, or recurrences 6f the same species at other
mud stations. Distinct meiofauna assemblages were lacking,

though. The strongest impression was that the complexity of
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LIS's meiobenthic environment, the number of possibly
influential variables, and the great changes in these vari-
ables between stations, precluded any facile conclusions on
cause and effect relationships between environment and

meiofauna.

I. Macrofauna

The benthos of LIS was found to support generally high
ﬁacrofauﬁa standing crops. Overall species richness was also
good; we encountered over 250 species of polychaetes, molluscs
and arthropods alone. Table 5 lists numbers of each species
for the 142 stations. Our‘collectioné revealed several

distinct faunal assemblages, related primarily to depth,

sediment type and/or geographical position in LIS.

1. Fine Deep Water Sediments: A large region of high
silt-clay sediments offshore in central LIS corresponds
to Sanders' (1956) level soft-bottom community. Sanders

.describes a Nephtys incisa-Yoldia limatula community

according to the dominant polychaete and mollusc, after
the manner of Petersen (1913) as modified by Thorson (1957).

The polychaete Pectinaria (Cistenoides) gouldii and bivalve

Nucula proxima were also numerous, but Pectinaria was less

abundant than Nephtys, and Nucula was considered too small
to be a good characterizing species (comparisons with

Sanders' study will be treated in more detail below).
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Using this system, the macrofauna of fine sediments
in 15-40 meters of water in central LIS could presently

best be termed a Nephtys incisa - Mulinia lateralis

assemblage. Nephtys was present at all 17 of our stations
containing greatér.than 68% silt-clay in these waters.
We rarely found more than ten Nephtys per 0.1 m?2 grab, but
these numbers represent appreciable biomass. Pherusa

affinis and Melinna cristata were co-dominant with Nephtys

among polychaetes; they were collected at 16 and 15 of these

stations respectively. In several instances they were more

abundant than Nephtys.

The coot clam, Mulinia lateralis, was by far the overall

dominant of the assemblage. Densities were greater than

100 per grab at fourteen of the seventeen stations, and

>1000/grab at five. The bivalve, Pitar morrhuana, and

gastropod, Retusa canaliculata, were always present, with

more than ten per grab at 16 (Pitar) and 15 (Retusa) of

the stations. Yoldia limatula was also found at 16 stations -

usually in low numbers, but of value in characterizing the
assemblage due to its large size. The consistency of occur-
rence and abundance of these forms indicates that our one

grab per station was adequate to define the main components

of this assemblage.

- Other polychaetes occuring at eight or more of the
stations were (species found at the most stations listed first):

Maldanopsis elongata, Euclymene collaris, Ampharete arctica,
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Polydora ligni, Sigambra tentaculata, Streblospio

benedicti. These species were present in low diversities,
never as many as 10 per grab except for one station with

22 Maldanopsis elongata.

Additional molluscs present at more than half the
stations were (in approximate order of both densities and

number of station-occurrences): Nassarius trivittatus,

Nucula proxima, Pandora gouldiana, Cylichna oryza, Lyonsia

hyalina and Tellina agilis. Several other organisms were

found at many of the 17 stations - the anthozoan,

Ceriantheopsis americanus (14 stations), cumacean, Oxyurostylis

smithi (11), amphipod, Ampelisca abdita, (16), sand shrimp,

Crangon septemspinosa {(11) and rock crab, Cancer irroratus

(12). None of these species reached a density of ten per

grab except for Ampelisca abdita at a single station.

A number of the above forms appear nearly ubiquitous in

LIS (Ampharete, Nassarius, Crangon and Cancer among others),

and thus should not be included with the more stenotopic

species used to characterize this deep soft-bottom environ-

ment.

Species diversities (H') at these stations were as a
rule extremely low in comparison with other habitats in LIS

and with published figures for estuarine benthos. H' values
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for all stations are given in Table 6 and Figure 20, along
with equitabilities (J') and numbers of individuals and
species. Diversities are also presented in computer-
contoured form in Figure 21. Note that, as with sediment
values, the computer program we used printed diversities
which are lower than the actual values in Table 6 by 0.01.
Mean diversities for various areas and sedimen£ types are
reported in the text as X¥ t.05°%, or mean * the interval within
which diversity of a given sample from that area will fall

with 95% probability (Steel and Torrey, 1960, p. 21-23).

Thus the 17 softest-bottom stations in deep waters
of central LIS showed H' values of 1.18 % 0.34, and a
median diversity of 0.94. This is appreciably iower than
the median benthic diversities for a numbér of areas
studied or reviewed by Boesch (1972). (Boesch calculated
his diversities using a logp form of the Shannon-Weaver
index; his values have been adjusted for comparison to the
natural log form of our study.) The Chesapeake - York
~estuary, a polyhaline system as is LIS, was reported to
have a median of approximately 2.8. Virginia's outer
contiﬁental shelf exhibited median H's approaching 3.0,
and shallow shelf areas, 2.3. Mud-bottom stations in the

Hampton Roads region displayed median diversities over 2.3,
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Median diversities exceeded 2.0 even in mildly polluted
sectors of Hampton Roads. Boesch reviewed several other
studies on benthic macrofauna, and found H' almost
invariably higher than we report for central LIS.
Charleston Pond, R. I., Buzzards Bay and the Pocasset
River, Mass., the areas geographically closest to LIS

in Boesch's review, all had median H' values between

1.8 and 2.0 - in'fact Sanders' (1956) samples from
central LIS also fell in this range. (As will be
discussed below, our study found median diversity at
Sanders' stations to be a good deal higher than that
encountered in much of central LIS.) Boesch also cites
papers on areas known to be stressed in terms of salinity,
temperature or contaminants. These area§ again had
higher median diversities than our central LIS stations -
the sole exception being polluted portions of Los Angeles

and Long'Beach harbors.

Species diversity is often held to be a measure of
environmental health. The H' values taken alone would then
indicate the faﬁna of soft central LIS sediments to be
hiéhly stressed. It may be more instructive to also
analyse the two components of H', species richness and
equitability. Table 6 and Figure 20 show that numbers of

species at these stations are on the whole comparable to
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those of other habitat types described below for central
and western LIS. It is the unusually low equitabilities
which are principally responsible for the low diversities

observed.

Low values of J' are in turn due to the high numbers
of several species, especially Mulinia. Their large
popuiations could as easily:be considered evidence for
the area's productivity as for any stressed condition.
Stations closer to the urbanized Connecticut coast dis-
play higher diversities but no. lower levels of the
contéminants measured in this study. These inshore stations
merely do not support such high standing gfops of any
species. It is probable that during winter the soft-
bottom stations would show only slightly lower species
richness but a large reduction in populations of short-
lived dominant species. H' woﬁld then increase, but again
this would not imply that environmental quality had
improved. Thus‘while species diversity may be somehow
linked to water quality in LIS, the relationship is

neither simple nor consistent.

Another substantial area of find sediments (> 68%

silt-clay) in deeper waters (17-31m) is found in west-central
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LIS, roughly within a triangle between Port Jefferson,
Bridgeport and Northport (Figure 18). Eight of our
stations are included in thié region. Diversity here
(0.99 + 0.44, median 0.83) was lower than that of the
deep silt-clays discussed above, but not significantly
at the P<£.05 level. Species richness was generally
lower; most of the abundant species were common to the
two areas, but fewer rare species were represented here.

Nephtys incisa and Pherusa affinis were still the domi-

nant polychaetes, though Melinna cristata, very common

to the east, was absent. Euclymene collaris and

Sigambra tentaculata were less common further west, while

Maldanopsis =2longata, Ampharete arctica and Streblospio

benedicti were found in comparable numbers. Only Polydora

ligni increased in abundance in this region.

Mulinia lateralis was found in great numbers, as

above - more than 750 per grab at six of the eight stations.

Among other molluscs, Pitar morrhuana, Yoldia limatula,

Nassarius trivittatus and Retusa canaliculata were again

very common, and Nucula proxima, Pandora gouldiana,

Cylichna oryza and Lyonsia hyalina fairly so. Tellina

agilis was less abundant than further east, as were the

crustaceans Ampelisca abdita and Cancer irroratus, while

Oxyurostylis smithi and Crangon septemspinosa were still

frequently encountered.
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Thus this area, which began to show an increased load
of nutrients, organics, and heavy metal contaminants,
still supported an assemblage at most only marginally
changed from that of the less impacted sediments further

east.

A third area of comparably fine sediments in deep
water appears as a mostly mid-Sound strip extending from
east of Stamford.to Execution Rocks in western LIS
(Figure 18). The trend toward decreasing species richness
continued, with numbers of species in the eastern part of
the region comparable to those off Bridgeport-Northport,
but fewer species in the western portion. Shannon-Weaver
diversity was the lowest of any aréa_we have examined,
(0.81 £ 0.28, median 0.69). This still’was not signifi-
cantly (p<.05) lower than in the silt-clay areas described
above. Only four stations west of Stamford fit the
criteria of greater than 15 meters depth and 68% silt-clay,
so statistical comparisions to similar environments

further east must be viewed with caution.

_ Characterizing forms were those of the silt-clay
assemblage to the east. Nephtys and Pherusa remained
conspicuous among the polychaetes in this area, with

Polydora ligni again increasing somewhat. Mulinia was
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once more the overall dominant, and Pitar, Yoldia,

Nucula, Lyonsia, Retusa, Cylichna and Nassarius were

well represented. Crustaceans, particularly Ampelisca
abdita, appeared further reduced moving to the west.

Only Oxyurostylis and Crangon among crustaceans were

encountered in abundance at these stations.

On the whole, the fauna of fine sediments in central
and western LIS did not appear to exhibit the "trophic
group amensalism” observed in other level-bottom areas
(Rhoads and Young, 1970; Bloom, Simon and Hunter, 1972;
Aller.and Dodge, 1974). That is, populations of.suspension'
feeders like Mﬁlinia and Pitar were not limited by sediment-
reworking activities of deposit feeders such as Kephtys,

Nucula, Tellina and Yoldia. Some or all of these deposit

feeders were abundant at many stations where Mulinia and

Pitar reached great densities. This indicates that

either 1) the typical energy level of the deep silt-clay
environment is too low to resuspend reworked sediments
(Rhoads and Young (1970) suggest this possibility where the
two feeding types exist), or 2) Mulinia and Pitar are

tolerant of suspended material loads in bottom waters.

There were other deep water stations scattered through

central and western LIS with sediments only slightly coarser
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than aboVe. An additional five stations had 43 - 68%
silt-clay, and another nine contained 27 - 43%. A first
inspection showed these stations to retain many of the
characteristics of the soft-bottom community. Some
changes were apparent, such as less dominance by Mulinia

(still very abundant at several stations) and often

greater numbers of Nucula, Ensis, and Tellina. Nephtys

and Pherusa were slightly less common, and Ampharete,

Scalibregma and Owenia more abundant. Numbers of crust-

aéeans, especially amphipods, increased. These changes
probably reflect an intergradation with the fauna of

coarser and/or shallower bottoms described below.

-Only five stations in the eastern bagin had corres-
pondingly fine sediments (28 - 70% silt-clay). Diversity
here (2.26 * 1.05, median 2.25) was significantly(p<.05)
higher only than in the westernmbst group of fine sedi-

- ments diécussed above. Differénces were due largely to
lowered dominance. The progressive increase in' crustaceans
from west to east continued. The small number of samples

_ from this environment, and the paucity‘of dominant species,
make it difficult to detect any recurring faunal community

which might be present.
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2. Coarse Shallow Water Sediments (Long Island coast):

Another distinct faunal assemblage is found in the coarse
sediments of shallow waters along the northern shore of
Long Island. Coarse sands (mean diameter;z 0.5 mm) with
less than 3% silt-clay were found at nearly all of our
inshore stations (2 - 6 m depth) from Manhasset Neck in
the west to Greenport in eastern LIS. This physical
consistency of eﬁvironment provides a good opportunity to
ﬁeasure effects of different contaminant loads on the

Sound's benthic macrofauna.

kThe shallow sandy sediments of the eastern half of
Long Island's coastline (east of Northport) contained a
more diverse fauna (H' = 1.66 + 0.37, medién 1.86) than
did.the finer substrates offshore, though the difference
was significant (p € .05) only in relation to the western-
most silt-clays. The increase was due less to change in
- species richness than to reduction of dominance. However,
the fauna can still be thought of as a distinct aésemblage,
with characteristic polychaetes and molluscs. Nephtys
“picta replaces N. incisa as the polychaete best indicative
of these harder sediments, occurring at ten of the thirteen

stations. As with N. incisa, the densities were not high

(> 10/grab at only three stations, but represented
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considerable biomass. Other polychaetes which appeared
confined to these coarse, shallow substrates (occurring

at five or more stations) were Aricidea jeffreysii,

Spiophanes bombyx and Travisia carnea. Sabellaria

vulgaris, Lumbrineris fragilis, Sigalion arenicola and

Sthenelais boa were less frequently encountered.

Several polychaetes with wider-ranging distributions

were found here as well as in the deep soft-bottom areas.

Ampharete arctica was noteworthy among these "cosmopolitan

forms. Polydora ligni, Streblospio benedicti, Maldanopsis

elongata, Owenia fusiformis, Tharyx acutus, Scalibregma

inflatum and Spiochaetopterus oculatus were occasionally

found here.

Most conspicuous among molluscs were juvenile surf

clams, Spisula solidissima. Grabs at ten of the thirteen

stations contained ten or more Spisula, with more than 100

~at four stations. Their peak densities appeared to repre?

sent the highest biomasses we encountered in any LIS

samples. Crepidula fornicata was another mollusc common

only in coarse sediments. Ensis directus and Tellina

agilis were much more abundant here than in the fine deep

water sediments, while Mulinia lateralis and Pitar morrhuana,

the soft-bottom dominants, were rare inshore. Species with
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similar frequencies in both habitats were Nassarius

trivittatus, Pandora gouldiana and Lyonsia hyalina.

Several amphipod species (Acanthohaustorius millsi,

Protohaustorius wigleyi, Trichophoxus epistomus) were

abundant only in this environment. Unciola irrorata

was much more prevalent than in soft sediments, and

Crangon septemspinosa and Cancer irroratus less common.

Ampéiisca abdita was for the most part replaced by

A. vadorum in the coarser substrates. Oxyurostylis smithi

and Pagurus longicarpus were abundant in both regions.

Coarse shallow areas west of Northport showed diversity
very similar to stations further east (1.65 = 0.61, median
1.73). There were, .however, faunal changes which may be
meaningful; No Spisula were found west of station 31 (off

Northport). Ensis directus increased to a position of

dominance, and large numbers of small Mytilus edulis appeared.

Of the polychaetes, Polydora ligni rose dramatically in

density west of Northport, with over 240 per grab at five

of the six stations in this region. Streblospio benedicti,

vTharyx acutus, Heteromastus filiformis, Mediomastus ambiseta

and Phyllodoce spp. also increased to the west. Nephtys

incisa and Ampharete arctica remained high in terms of biomass.

Spiophanes bombyx and Aricidea jeffreysii were found in the
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same proportions as further east, while Travisia carnea
was absent from samples at the six westernmost stations.

The amphipods Acanthohaustorius millsi and Protohaustorius

wigleyi were also not found here. Leptocheirus pinguis,

Erichthonius brasiliensis and Corophium tuberculatum

increased, however, as did the isopod Edotea triloba.

Thus faunal shifts, such as the disappearance of
Spisula (which may of course have an alternate explanation),
the increase in Ensis and in spionid, cirratulid and
éapitellid polychaetes, were evident between eastern and
western portions of Long Island's north shore. The changes
occurred in an environment that appears quite uniform
physically. We consider this evidence of an impact on

benthic communities by the heavier contaminant load to the

west.

3. Coarse Deep Water Sediments: The medium to coarse sandy

sediments found on the Long Island coastline also extend

into deeper waters (20 - 40 m) in the Mattituck Sill region
and eastward. These regions were typically poorer in numbers
vof species and individuals than were the coarsershallow
’stations treated above. Evenness of the faunal distributions
accounted for diversities (2.11 * 0.48, medién 2.14) which

were significantly (p< .05) higher than those in the deep
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soft sediments to the west. Differences were not
significant in relation to coarse inshore sediments or
Eastern basin silt-clays, however. Species which did
occur were more often those frequenting the shallow
sandy sediments than those of the deep silt-clay milieu:

polychaetes Nephtys picta, Aricidea jeffreysii,

Spiophanes bombyx, Travisia carnea, Sabellaria vulgaris,

Lumbrineris fragilis and Sigalion arenicola; gastropod

Crepidula fornicata; bivalves Spisula solidissima,

Tellina agilis (much more abundant offshore than Spisula,

and Ensis directus; amphipods Acanthohaustorius millsi,

Protohaustorius wigleyi and Trichophoxus epistomus.

This is an indication that sediment type is more important
than depth-related parameters in determining distributions

of stenotopic species of the sand and silt-clay assemblages.

Many forms inhabiting both the shallow sandy and deep
silt-clay environments were, not surprisingly, also

present here. Among these were Ampharete arctica, Polydora

ligni, Tharyx acutus, Owenia fusiformis, Spiochaetopterus

oculatus, Nassarius trivittatus, Crangon septemspinosa,

Cancer irroratus and Pagurus longicarpus.

A number of species were present or abundant only east

of Mattituck Sill, including several terebellid polychaetes;
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the molluscs Astarte spp., Anachis_ sp., Venericardia

borealis, Hiatella arctica, Cerastoderma pinnulatum,

Crenella glandula, and Solemya velum; pycnogonids (sea

spiders); amphipods Byblis serrata and Phoxocephalus

holbolli; and rock crab Cancer borealis. The Mattituck

Sill area may thus represent a limit of sorts to distfi—
bution of more boreal or oceanic forms. The higher
species richness and diversity in eastern LIS perhaps
reflect, among other things, this overlapping of several
geographical faunas. No highly consistent faunal

assemblages were apparent in this environment.

4. Transitional Shallow Water Sediments (Connecticut-

New York coast): Another major habitat type consisted of

sediments intermediate in mean size and silt-clay content
along the northern céast of the Sound. This zone also
appeared.to have a fauna intermediate between those of the
deep mid-Sound stations and inshore Long Island areas.
Diversities (1.55 % 0.22, median 1.66) were closer to those
of the latter region. H' levels showed no obvious changes
moving west to east along the northern shore. Many species
characteristic of the deep soft sediments were found here,
though usually in lower frequency and at a smaller percentage

of stations: Nephtys incisa, Pherusa affinis, Euclymene
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collaris, Cylichna oryza, Retusa canaliculata, Pitar

morrhuana, Yoldia limatula, Nucula proxima and Ampelisca

abdita. A number of species common to the shallow coarse
substrates also occurred here with low to fair regularity:

Nephtys picta, Aricidea jeffreysii, Spiophanes bombyx,

Sabellaria vulgaris, Lumbrineris fragilis, Sthenelais boa,

Crepidula'fornicata,_Ensis directus, Tellina agilis,

Unciola irrorata and Ampelisca vadorum. As expected,

those species which showed similar abundances in the'deep
silts and shallow sands were also well represented here.

‘These included Ampharete arctica, Polydora ligni,

Streblospio benedicti, Spiochaetopterus oculatus,

Nassarius trivittatus, Pandora gouldiana, Lyonsia hyalina,

Oxyurostylis smithi, Cancer irroratus and Pagurus

longicarpus. The fauna of Connecticut coastal stations,

then, represented a continuum between the assemblages of
medium sand and silt-clay descfibed above. This is
undoubtedly due in part to the sediment heterogeneity
along this coast. Coarse and fine sediments were found
mixed together to a much greater extent than on the north
shore‘of Long Island. This was true both for the entire
coastline and at a given station, as shown by the high

sorting index values (Figure 19). Several species were
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more abundant in these sediments than elsewhere,

especially Glycera americana, Scoloplos armiger, Eumida

sanguinea, Spio filicornis, Mya arenaria and Yoldia

limatula.

The Connecticut coastal fauna had (in common with
that of Long Island) a shift iﬁ species composition
moving from east to west. The most conspicuous trend
was a relative increase in polychaete species and

individuals toward the west end. Polydora ligni became

the numerically dominant organism from Bridgeport to
Throgs Neck. Its maximum of 6100 off Stamford was the
greaﬁest number of any species taken in:a single grab.
Densities decreased east of Bridgeport, and P. ligni was
rarely found east of station 81 along the Connecticut

coast. Another spionid, Streblospio benedicti, had a

similar pattern and was second in abundance to P. ligni
for most of the western Connecticut coast. The cirratulid,

Tharyx acutus, capitellids, Heteromastus filiformis and

Mediomastus ambiseta, mussel, Mytilus edulis, isopod,

Edotea triloba, and amphipod, Corophium tuberculatum,
increased toward the western end as they had on the Long

Island coast.
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Several of these species have been discussed
elsewhere in relation to stressed or "new" environments.

Polydora ligni was found to be the second most opportunistic

polychaete (after Capitella capitata) in recolonizing areas
affected by the West Falmouth, Mass., oil spill.

Streblospio benedicti was fifth and M. ambiseta sixth

most opportunistic species (Grassle and Grassle, 1974).
Sanders et al. (1972) had reported M. ambiseta along with
C. capitata as the most successful recolonizers after this

spill. Streblospio benedicti also appeared early in a

benthic recolonization experiment in central LIS (Fisher
and McCall, 1973), and was considered an indicator of

highly variable or stressed environments.

‘The faunal changes in shallow waters toward New York
City, and to a lesser extend in the deep silt-clay
assemblage, show that these regions were not unaffected
by their contaminant burdens. Yet species richness was
still fair and densities high in the most contaminated
areas. Diversities were somewhat lower than in the
cleaner eastern basin, but differences between areas were

rarelj significant at the p<¢;05 level. It appears that
for LIS diversity has a lower correlation to environmental

health than to other variables, especially sediment type.
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The only highly significant (p< 0.02) differences in H'
we found were in central and western LIS and were between
all deep silt-clays and all shallow coarser sediments
aiong either coastline. Within any of these habitats,

changes with decrease in contaminant load were nil.

The overall conclusion is that the benthic macro-
fauna of LIS had as of summer 1972 been only marginally
affé;ted by water quality deterioration. This may no
longer be the case; subsequent work by Rhoads (l973dj
indicates widespread decline in densities and diversities

following their high levels of summer 1972. These find-

ings are considered in the following section.

5. Comparison with OthervLIS>Surveys: Alexander and

D'Agostino (1972) conducted an intensive benthic survey
of western LIS, with transects through Hempstead Harbor
and across LIS in the Execution Rocks - Davids Island
area, in March and April 1972. Their findings agree with
ours on the relative health of this area. They state that
"in no case...did there seem to be a depleted bottom
devoid of life". Species richness was moderate, with a
high of 57 and never less than 16 species at a station.
They did note that amphipods were less common than in NYOSL

studies of southeastern LIS (Shoreham), but comparable to
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the numbers found at stations in the Northport area.
Molluscs, with the exception of several large populations

of Mulinia lateralis, were less numerous than elsewhere

in LIS. Their samples in this region were clearly dominated

by polychaetes, as were ours. Both surveys showed Streblospio

benedicti to be very abundant in western LIS sediments.

Mediomastus ambiseta (referred to as Heteromastus filiformus
in the earlier sﬁrvey - K. Serafy, pers. comm.) and Scoloplos
spp. were common in both studies. We encountered larger

numbers of Polydora ligni than did Alexander and D'Agostino.

Capitella capitata was more abundant in their survey, as

were nematodes and the archiannelid Polygordius triestinus

(formerly identified as Chaetogordius canaliculatus - Serafy,

pers. comm.). The latter two were listed among their
dominants. Lower frequencies of these small forms in the
present survey can be attributed to different sieve mesh
sizes (1.0 vs 0.5 mm). Tietjen's meiofauna investigation
(Appendix C) did report highest densities in its "New York

City" region.

To summarize, both surveys found the faunal composition
of western LIS to differ somewhat from stations further
east. This was seen chiefly in the relatively greater

dominance of polychaetes, notably species identified above
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as opportunistic or stress-tolerant, at the expense of
molluscs and amphipods. The surveys agree that numbers
of species and individuals have not been drastically

reduced by environmental degradation in this area.

Cpmparisons with other surveys around LIS show
general agreement on the characterizing fauna of various
aregg; At Northport, D'Agostino and Colgate (1973)
described a sand substrate fauna with many of the same
constituents we found for the northern Long Island coast-

line - especially Tellina agilis, Ensis directus,Aricidea

jeffreysii and Acanthohaustorius millsi. The archianellid

Polygordius triestinus {referred to as Chaetogordius

canaliculatus) was reported as the overall dominant organism

-on sandy bottoms at Northport.k As noted above, the larger
sieve size used in the present survey may have prevented

us from sampling this small form effectively.

Deeper water mud bottom stations in the Northport
survey contained several of the species characteristic of

our deep silt-clay stations, including Mulinia lateralis,

Nucula proxima and Nephtys incisa; and also forms identified

in both surveys as occurring in a variety of substrates:

Mediomastus ambiseta, Polydora ligni, Streblospio benedicti

and Tellina agilis. On the average, these stations actually
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had somewhat shallower depths and coarser substrates than
those designated the deep silt-clay stations in the present
survey. Reflecting this, their fauna appears to interdigitate

with that of the shallow coarse environments of our survey.

NYOSL has also conducted benthic studies further east
on the Long Island coastline, at Shoreham and Jamesport
(Serafy, 1973). Species reported to be abundant there

included Polygordius triestinus, Tellina agilis and Ensis

directus in sands, and Nucula proxima, Clymenella torquata,

Nephtys incisa, Sigambra tentaculata, Mediomastus ambiseta

and Hutchinsoniella macracantha in muddy substrates. Other

species commonly found in sandy sediments Wére Spisula

soiidissima, Nephtys picta, Acanthohaustorius millsi,

Trichophoxus epistomus, Aricidea jeffreysii and Spiophanes

bombyx, with the latter two also occurring in muds (Serafy,
pers. comm.). These species were well represented in our
samplings of corresponding substrates, with the following

exceptions: we never found Hutchinsoniella and rarely

Polygordius, almost certainly due to our larger sieve size;

Clymenella torquata was less abundant at our soft-bottom

stations than were two other maldanids, Euclymene collaris

and Maldanopsis elongata; and Mediomastus ambiseta was more

common in intermediate sediments in our survey. Overall,

the benthos of the northern coastline of Long Island was fairly
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consistent between these several surveys and over the three
years since the first such survey (D'Agostino and Colgate,

1974) was begun at Northport in September 1971.

A benthic survey of Niantic Bay was conducted from
April to July 1972 to evaluate effects of an oil spill in
this area (U.S. Environmental Protection Agency, 1973).
Several stations showed constituents of the classical

Nephtys-Nucula-Yoldia community, as well as large numbers

of amphipods. The lower density of these amphipods in a
mid-bay station was considered evidence that oil had
accumulated in the mid-bay sediments and affected this

sensitive group of animals.

~

Our inshore stations in the Niantic Bay area were also
dominated by amphipods, chiefly the ampeliscids A. verrilli
and A. vadorum. These species were much rarer offshore,
though whether their populatiohs were limited by o0il contami-

nation is questionable. The Nephtys-Nucula-Yoldia grouping

was also evident in our collections. Clymenella torquata

and Pagurus longicarpus were common to both surveys. Chief

discrepancies were our finding more Tellina agilis and

fewer of the small gastropod Bittium alternatum.
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The U. S. Naval Oceanographic Office (1973) recently
compieted a survey of the effects of spoil disposal
(92,500 cubic yards from the Thames River) on the benthos
of the New London, Ct., dumping gfound. They reported the
predisposal (June 1972) fauna to be dominated by amphipods,
with polychaetes and bivalves also abundant. ‘Numbers of
taxa and individpals (especially amphipods and polychaetes)
were reduced in samples taken in November 1972, just after
completion of dumping. Six months later, however, there
had been a marked recovery of the benthic fauna. Ampeliscid
amphipods especially had reestablished themselves, often
in gieater numbers than in the predump survey a year earlier.
That the new substrate was suitable for ampeliscids was
taken as evidence that benthic recovery»would not be

inhibited by the nature of the spoil material.

Our samples from a singie station within this dumping
ground showed the same dominance of ampeliscids in August
1972 and April and'September 1973. Densities of Ampelisca
abdité and A. vadorum here wefe among the highest we encount-
ered anywhere in LIS. Polychaetes and bivalves were well
represented, so diversity was fair (2.25 in August 1972) despite
the large numbers of amphipods. We are currently undertaking

a much more intensive suvey of this dumping ground in
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conjunction with a larger dredge-disposal operation (2.8
million cubic yards from the Thames). Thirty-eight

stations within a two nautical mile' radius of the designated
dumping point have been occupied to date. Preliminary analysis
of predisposal samples shows that an extensive area still
supports dense Ampelisca colonies, and species richness is
very high relative to most of LIS. There is a'good deal of
environmental and faunal heterogeneity within the two-mile
radius, however. Some areas which appear suitable for
Ampelisca do not contain appreciable numbers of these
organisms. In other portions, dense sets of juvenile mussels
or typical rock-associated fauna are found. This variability
underlines the need to augment baseline data with more
intensive collecting if effects of new impacts are to be

comprehensively documented.

One of the most intensive benthic research programs
currentiy underway in LIS is that of Rhoads and co-workers
of Yale University. Yale has been investigating effects of
dredging and spoil disposal in the centfal Sound. Data have
been collected from New Haven Harbor, the New Haven dumping
grouna, and control sites to the south and northwest, before
and since the onset of dredging activities. The possible

alternate dumping grounds off Milford, Branford and Guilford
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have also been sampled. An experiment in benthic recoloni-

zation is underway in inshore waters near Guilford.

Again, differences in survey methods preclude exact
comparisons of Rhoads' findings with ours. The Yale

investigators made their benthic macrofauna collections with

2

Van Veen grabs, initially using a grab sampling 0.147 m“ and

late; changing to replicates of a 0.0413 m? Van Veen to
better define the small-scale patchiness encounteredf
Brillouin's diversity index (Hb) was used to analyze faunal
patterns rather than the Shannon-Weaver formula of the
present study. To date, Rhoads has concentrated on the
molluscan component of the fauna, so our densites and

diversities for total fauna are not directly comparable.

Data for molluscs have been compared, however, and
they reveal agreement between the two surveys on some
.important features of molluscan populations in central LIS.
Mollusc diversity (as in our silt-clay areas) was found
to be guite variable in the areas sampled off New Haven,
but even the highest values (at the N. W. control site)

were very low in absolute terms (Rhoads, 1973d).

The low diversities in both surveys were in large

measure due to dominance of a few bivalve species, especially
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the opportunists Mulinia lateralis and Pitar morrhuana.

The highest densities reported by Rhoads (1972, 1973a) for
these species were similar to numbers we found in soft-
bottom sediments throughout central and western LIS.

Rhoads and Michael (1974) agreed that Nucula annulata,?*

which had had high densities in the central Sopnd twenty
years ago (Sanders, 1956), was much less widespread in
1972-73, and was abundant only at their northwest control
site. As will be discussed below, our re-examination

of Sanders' stations confirmed that in most cases Mulinia
dominated where Nucula formerly had. Further evidence for
this change was found in gravity cores samples (Rhoads and
Michael, 1974) which indicated densitiesof §u1iniq had
increased in the top 20 cm of sediment (equivalent to
about 44 years). The upper 20 cm also contained increased
organic carbon and trace metals. Rhoads and Michael (1974)
thus considered the increase in Mulinia to be a reflection

of recently changing environmental conditions in central LIS.

Rhoads (1973b) sampled three other areas as possible
alternativesto the New Haven disposal site. The designated
dumping grounds off Branford and Guilford were dominated by
Nucula, with only small populations of Mulinia and Pitar.
This may be in part a seasonal phenomenon - sampling of
both sites was done in January 1973. At this time Mulinia

and Pitar also had low densities at the dump and south

*This is apparently the correct name for the bivalve referred

to’as Nucula proxima in our survey, Sanders (1956) and other
studies cited in this report.
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control sites (Rhoads, 1973c), where they had been abundant
the previous summer. Our own survey contains five stations
(74, 75, 84, 85, 93) more or less bracketing the Branford
and Guilford diSposal areas. All but the easternmost of
these stations (93) had appreciable standing crops of
Mulinia and Pitar in our summer 1972 sampling. On the whole
these stations did, however, contain greater densities of
Nucula than did the typical Mulinia-dominated assemblage at

our deep silt-clay stations.

Rhoads (1973b) found the Milford dumping ground to be
impoverished of macrofauna in Janﬁary 1973. For this
reason he considered Milford preferable . to Branford or
Guilford if an alternative to the New Haven disposal site
were necessary. Again, seasonality of sampling must be
taken into account. Our July 1972 sample collection at
station 55, 0.7 nautical miles east of this dumping ground,

revealed a typical Mulinia-Pitar assemblage with the high

standing crop characteristic of this grouping.

Continued sampling by Yale personnel has revealed a
dramatic decline in the macrofauna standing crops of
" central LIS from the summer of 1972 to summer 1973 (Rhoads,
1973d). Brillouin diversities dropped still further from

their already low values during this period. The few summer
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1973 samples processed to date in our survey show varying
degrees of this same trend; Greatest population decreases
occurred at offshore stations, again in agreement with
Rhoads (1973d). This was especially true in the very

fine sediments where a single species such as Mulinia had
had large standing crops the summer before. The decline

is evidence for the inherent instability of these high

dominance-low diversity assemblages.

Rhoads (1973d) in fact reports that he has "never
seen a more spatially patchy or temporally unstable
subtidal benthic system". He attributes the "population
crash" to a widespread recruitment failure in 1973, with
the causative ‘agent{s) still a matter of speculation.
Subsequent sampling by Rhoads revealed the decline to
continue through summer 1974 (Rhoads, 1974), though some
recovery now appears to be underway (Rhoads, pers. comm.).
The area affected appears to include a considerable portion of
central LIS, at least from Guilford in the east to Milford
in the west. Our own analyses of replicate grab samples
from two stations still further west, off Eatons Neck, show
a similar decrease in numbers of individuals and species
between 1972 and 1973. The decline was not apparent in our

collections taken far .to the east, near New London.
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Finally, a primary objective of our macrofauna
survey has been a re-examination of the eight stations
studied by Sanders (1956) in central LIS. Stations
correspond as follows:

Sanders (1956) Present Survey

Charles Island 50
51
70
55
46
57
72
81

OJUTd WN

Sanders' station designations will be used in the following

discussions.

Several differences between the surveys must be
mentioned. Sanders sampled more intensivély, occupying
these.stations every two to six months from summer 1953
until fall 1954. Our comparisons will rely most heavily
on samﬁles taken in July and August 1972, although prelim-
inary results from April and September 1973 will also be
considered. Sanders' study was conducted with an anchor
dredge, which actually takes a "grab"-type sample, but
probably with é different sampling bias than the Smith-
McIntyre grab. Sanders washed most of his sediment through
a 2 mm sieve, but he also sieved an aliquot down to 0.3 mm,
so his data will include some species and many individuals

that would escape our 1 mm sieve.
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Despite these differences, it is still instructive
to make qualitative and some quantitative comparisons of
the data. Numbers of individuals and species recorded
in our survey are compared with Sanders' findings in

Table 7.

It is evident that Sanders' collections are most
closely comparable to our summer 1972 samples. Note that
Sanders still found greater densities at six of the eight
stations. Species occurring in greatest numbers in his
samples were generally small polychaetes, tanaidaceans,
amphipods and gastropods, many of which could easily
have passed through our 1 mm sieve. Sanders did report over
1000/m2 of several species which attain lafger sizes:

Nephtys incisa, Macoma tenta, Astarte undata, Mulinia

lateralis and Nucula proxima. The latter two were found
in comparable numbers in the present survey, as were

three other bivalves: Tellina agilis, Pitar morrhuana

and Yoldia limatula.

Numbers of species were generally similar between
1953-4 and 1972; there was certainly no discernable trend
toward changing species richness. Diversities also showed
no clear patterns, although two of our samples had values

much lower than any of Sanders' collections, due to single-

species dominance. Our mean diversity for these eight
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] stations was considerably higher than the very low values

= discussed above for much of central and western LIS. This
is largely because the eight stations include proportionally
] more shallow and/or coarse areas and fewer of the high-

dominance deep silt-clays than does the survey in general.

The benthos appeafed to undergo greater quantitative
changes between 1972 and 1973 than between our early
samples and thosé of Sanders.‘ Numbers of species and
individuals were greatly reduced in April 1973. Part of
this decrease may be a seasonal effect. Densities had
not recovered by September 1973, however; they ranged

from slightly lower than the previous summef to only 1/40

as great. Species richness also showed a decline in all
collections but at Station 1. These findings agree with
Rhoads' (1973d) description of a recruitment failure and
subsequent "population crash”" following the high standing
crops of summer 1972, Also in'agreement with Rhoads
(pers. comm.), earliest or most extensive declines were
seen at deep water stations. Diversities of our samples
did not reflect the lowering of densities and species
richness, largely because equitabilities often increased

as populations of dominants were reduced.

As noted earlier, Sanders had described an association

of species consistent enough to be termed a "community" at
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his soft-bottom stations 2, 3, 7 and 8. Animals found at
these stations constituted his "level soft-bottom
community" for LIS. Dominant organisms were Nephtys

incisa and Nucula proxima, together comprising an average

60% of total biomass at these stations. Also important

‘were Yoldia limatula and the polychaete Pectinaria gouldii.

Other species commonly associated with this community were

Ceriantheopsis americanus; nemertean worms; the polychaetes,

Melinna cristata, Ninoe nigripes, Lumbrineris tenuis and

Praxillella praetermissa; amphipods, Leptocheirus pinguis

and Siphonocecetes smithianus; bivalves, Lyonsia hyalina,

Macoma tenta, Mulinia lateralis and Pitar morrhuana; and

[¢)]

Lunatia triseriata .. Retusa canaliculata an

Cylichna alba.

At the time of our sampling, Nephtys incisa was still

the most abundant polychaete in these sediments. It was
the only species present (in numbers from one to thirty per
grab) in every sample analyzed from the four soft-bottom
and one "transitional" station. Maldanids were next most
numerous among polychaetes, although we found none of the

Praxillella praetermissa reported by Sanders. Pectinaria

gouldii and Lumbrineris tenuis were also absent from our

samples.
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Polychaetes common in 1972-3 but not listed in 1953-4

were Ampharete arctica, Pherusa affinis and Owenia fusiformis.

Numbers of Melinna cristata and Ninoe nigripes were comparable

between the surveys. The polychaetes identified earlier as
currently reaching high densities in stressed areas such as
westernmost LIS and along parts of the Connecticut coast,
were generally rare or absent at these deep, soft central
LIS stations. An exception was the numerical dominance of

the capitellid, Mediomastus ambiseta, at station 7 in

7September 1973. On the whole, polychaete densities and
species composition showed little change between our 1972

and 1973 samples.

Of the molluscs, Nucula proxima was still extremely
abundant at station 8 and common at station 7 in summer

1972, but rare at stations 2 and 3. Yoldia limatula reached

high densities only at station 7. Conversely, Sanders

(1956) found that Mulinia lateralis made "only an insignifi-

cant contribution to the biomass" in most of the area studied.

Pitar morrhuana was apparently still less common. In summer

1972, Mulinia and Pitar were abundant at stations 2 and 7,
and dominant at station 3. Rhoads and Michael (1974) also

found the Nucula-Nephtys assemblage to be much more restricted

off New Haven than Sanders reported, and Mulinia and Pitar

to have increased in numbers.
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These changes may represent a tendency for Mulinia
and Pitar to replace Nucula in areas with deteriorating
water quality in LIS. O'Connor (1972)>found that Mulinia
had increased with the eutrophication of Moriches Béy
over the past three decades, while Nucula, among several
other species, had decreased. Mulinia was also prevalent
in the polluted muds of Raritan Bay, and Nucula was noE
found there, in a recent survey (McGrath, 1974). Nucula
had been present in this area in the late 1950s (Dean,
1974), albeit not in abundance. Nucula's sensitivity to
stress is questionable, however; this species exists in
great numbers at the peripheries of the New York Bight

sewage sludge and dredging spoils disposal areas (Pearce,

Molluscs showing little population change between

1953-4 and 1972 were Lyonsia hyalina, Pandora gouldiana,

and Retusa canaliculata. Nassarius trivittatus was much

more abundant in our samples, and Tellina agilis somewhat so.

Lunatia triseriata and Macoma tenta, included in Sanders'

soft-bottom community, were not found in our collections.

The "population crash" of 1973 had a much greater
effect on molluscs than on polychaetes. This is again

consistent with the findings of Rhoads (pers. comm.).
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We saw largest reductions in populations of short lived
opportunists such as Mulinia and Pitar, which had reached
such high densities the summer before. The deciine in
numbers of individuals and species was observed throughout

the Mollusca, however.

The last remaining difference of note in species

composition was the greater abundance of Leptocheirus pinguis

in Sanders' collections, and Ampelisca abdita in ours.

Crustaceans were never a major constituent of the soft-

bottom community, and changes between 1972 and 1973 were not

extensive.

.
dev oy~

Station 5, considered by Sanders as transitional between
stations with coarse and fine sediments, showed slightly
less change between surveys. Both studies found amphipods,

including Ampelisca abdita, Unciola irrorata and Leptocheirus

pinguis, very common here. Other abundant species in both

investigations were the anthozoan Ceriantheopsis americanus;

polychaetes, Nepthys incisa, flabelligerids and malanids;

and bivalves, Pandora gouldiana, Lyonsia hyalina and Pitar

morrhuana. Scalibregma inflatum, Owenia fusiformis and

Nassarius trivittatus were more common in the present survey.

Several other species not listed by Sanders were also found

in 1972-3. On the other hand, Diopatra cuprea, Lumbrineris

tenuis, Melinna cristata, Pectinaria gouldii, Stenothoe
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cypris, Siphoncecetes smithianus and Cylichna alba were
found in Sanders' samples but not in ours. The population
decline between 1972 and 1973 was less evident than at the

four softer-bottom stations discussed above.

Stations with coarser sediments (1, 4 and Charles
Island) revealed considerable change in species composition
between surveys. Sanders' "representative collections"”

from these stations contained large numbers of amphipods,

among them Ampelisca vadorum, Stenothoe cypris, Leptocheirus

pinguis, Erichthonius brasiliensis, Corophium acherusicum

and C. crassicorne. Other species abundant at at least two

of the stations included Nephtys incisa, Ampharete acutifrons,

Glycera spp., Anadara transversa, Lyonsia hyalina, Pandora

gouldiana, Macoma tenta, Crepidula plana, Nassarius

trivittatus and several decapods.

We found offshore station 4 to be still amphipod-
dominated, especially by A. vadorum, L. pinguis and Unciola
irrorata. Most other fauna common in Sanders' samples were
also present in ours. There had been an increase in several
of the forms linked above to deteriorating water quality,

specifically Polydora and Streblospio and the possible

indicators Mulinia and Pitar. The polychaete, Scalibregma
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inflatum, and bivalve, Tellina agilis, were also abundant

in our samples; we again found none of the Macoma tenta

reported by Sanders.

Reductions in density and species richness were
substantial at this station between 1972 and 1973. The
decline was much léss noticeable at Charles Island and
statioﬁ 1. On the other hand, these inshore areas had
experienced greater changes in species composition as
cbmpared to Sanderé‘ earlier results. Amphipod numbérs
were much lower, and stress-resistant taxa more in

evidence, in our collections. 1In addition to Streblospio,

Polydora and Tellina, we found significant‘numbers of the

polychaetes, Tharyx acutus and Mediomastus ambiseta, both

also commen in westernmost LIS.

To summarize: quantitative data for densities,
species richneés and diversify did not reveal gross changes
in the benthic fauna of Sanders' study area between 1953-4
and 1972. Decreases in densities and richness were at
least as great between 1972 and 1973 (though diversities
showed no proportional decline over this period). A more
obvious alteration over the past two decades was that in
species composition, which is thus held to be a more

sensitive measure of change in the area's benthic environment.
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The shift toward stress-tolerant polychaetes at the
inshore stations and opportunistic bivalves offshore
is evidence of deteriorating environmental quality in

the central Sound.

IV. CONCLUSIONS
Our data point to 1) severél areas of LIS as showing
Significant effects of man's activities, 2) other broad
regions with less severe impacts and 3) some portions in

which perturbations were negligible or undetectable.

The western end of LIS, from the Hempstead Harbor
transect to Throgs Neck, was by far the most stressed in
terms of amounts of variocus contaminants presenf. All
nutrients measured reached their highest levels here (with
specific exceptions, sucﬁ as the Connecticut River's massive
input of nitrates in April 1973). Orthophosphorus Was
higher and nitrate only slightly lower than their maximum
concentrations in the sewage sludge and dredge spoil disposal
areas of the New York Bight (National Marine Fisheries Service,

1972b). The ammonia maximum of 28.4 ngat/l was as much as

three orders of magnitude above the values recorded in the

eastern basin. Evidence of waste input was also clearly seen
in the levels of sediment organics, fecal coliform bacteria

and heavy metals. At several western end stations, chromium,
copper, nickel, lead and zinc exceeded mean values found near

dredging spoil and sludge disposal centers in the New York

Bight (Carmody, Pearce and Yasso, 1973).
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Perhaps most cfitical is the reduction of dissolved
oxygen levels by contaminant loading in the western Sound.
In summer, bottom DOs here often fall well below the Inter-
state Sanitation Commission's criterion of 3 ppm for fish
survival and passage of anadromous fish. The condition is
aggravated by the low amount of wind—generatéd mixing during
this period, and perhaps also be reduction of phytoplankton
standing crops toward the East River (Hardy and Weyl, 1971).
The DO minimum occurs at a time when highest temperatures
may be adding to the stresses presented by high contaminant
concentrations. Fish kills are commonplace in western LIS;
the U. S. Fish and Wildlife Service (Anon., 1973) reports
"periodic kills resultant from a combination of factors in
this area", giving as an example a die-off of an estimated
35,000 commercially valuable fish (mostly menhaden) in early
August 1970. The feeling is widespread ﬁhat an extended
period of calm, hot weather could affect the biota of western

LIS to a far greater extent than has yet been observed.

Given the stresses present, the relative health of the
area's benthic meio- and macrofauna was somewhat surprising.
Densities of both meio- and macrofauna wefe high. Species
richness was. not significantly lower than in similar sediments

from much less perturbed areas of LIS. Sensitive stress-
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indicators such as some amphipod species were still present,
though perhaps in reduced numbers. The trend toward
dominance by pollution-tolerant polychaetes and bivalves was
not far advanced at the time of our survey. The benthos of
westernmost LIS was thus much less impoverished or altered
than that of other local systems which appear to bg under
similar stresses - Raritan Bay (McGrath, 1974) and portions

of the New York Bight (Pearce, 1972).

We can find no obvious explanations for this discrepancy.
Perhaps western LIS is lower in some contaminants not measured
in this survey, such as oils or pesticides. Presence of
ampeliscid amphipods, thought to be sensitive to>oil in low
concentrations (Sanders, Grassle and Hampson,‘i972), may be

evidence that this pollutant is still at tolerable levels in

western LIS.

Next in magnitude of observed perturbations were waters
associated with urban centers on the Connecticut coast.
Bridgeport and New Haﬁen, and to a slightly lesser extent
New London and Stamford, had elevated levels of most or all of
the contaminants discussed above for western LIS. Agaih,
effects on the biota appeared limited to a slight shift toward
more tolerant taxa. The stresses present produced no obvious

changes in density, richness or diversity.




Some areas showed changes from surrounding waters for
single parameters, such as Oyster Bay and Smithtown Bay
(increased ammonia) and Huntington Bay (decreased dissolved
oxygen) on the Long Island coast; and of course the Connecticut
River vicinity had elevated levels of several nutrients during
high flow periods. Almost all of remaining central and western
LIS showed values for nutrients, dissolved oxygen and expecially
heavy meyais somewhat removed from "background" levels found
in the eastern basin. This well-scoured eastern region, with
the exception of the Thames River environs, was still relatively

pristine in terms of these contaminants.

Our data thus showed all of central and wéstern LIS to
contain varying but definite contaminant burdeﬁs, as measured
by watér column nutrient- and dissolved oxygen levels, and
sediment heavy metal, organic and fecal coliform values.
Impactson benthic fauna, however, were for the most part minor
and limited to changes in species éomposition. Quantitative
differences iﬁ density, species richness and diversity were
more closely related to naturally varying parameters, especially

sediment texture, than to water quality in LIS.
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V. RECOMMENDATIONS
The baseline data indicate that LIS may be divisible
into three areas for management purposes:

1. The western end - This region (defined perhaps arbitrarily

by our sampling pattern as the area from Hempstead Harbor
west to Throgé Neck) contains the highest concentrations of
a number of contaminants. Yet at the present time, western-
most LIS still appears fo be ecologically viable. It thus
becomes all the ﬁore essential fhat no new stresses be added
in this area, and that efforts be made to reduce existing
contaminant burdens. Lowering inputs of oxygen-demanding
wastes, to relieve the seasonal dissolved oxygen shortages,
should be given high priority, The attendant problem of
nutrient additions and potential eutrophication should be
dealt with concurrently. Any new sewage plants providing
less than tertiary treatment would only increase total con-
centrations of nutrients, chemical- or biological-oxygen-
demanding substances, heavy metals and/or other toxins in
these waters, and thus aggravate present'conditions. Inputs

due to storm runcff will of course have similar effects.

Other planned activities, such as thermal additions and
dredge spoil disposal operations, which would add to the stresses

already present, should be relocated or deferred if at all
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possible. The present limiting of spoil disposal to Eatons

Neck and eastward is sound policy, and should be continued.

2. Remaining western and central LIS - As a rule, contaminant

loads are somewhat lower than in the western end, but still
far above background levels. The "population crash" recently
seen in the benthos of this region is evidence that stresses
are indeed present, and that the faunal balance here is at
best preéarious. New impacts proposed for this area should be
examined carefully, and rejected if they would add signifi—
cantly to the cumulative stresses now affecting the western

and central basins.

Within central LIS, waters adlacent to Long Island show
less deterioration than do those near Connecticut. Long
Island coastal waters could presumably assimilate new impaéts
more easily than could the northern coast. The ainsability
of spreading such impacts throughout LIS, rather than clustering
in areas which are presently approaching or even beyond carrying

capacities, should be considered.

3. Eastern basin - East of Mattituck Sill and the Connecticut

River, environmental quality is much improved over the rest of
LIS, with contaminant levels generally close to background.

The higher flushing rates here would tend to minimize impacts
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of new activities. The eastern basin should thus be chosen

for most of those activities whose siting need not be

restricted to waters further west.

The baseline data have a number of other possible
applications. Below are a few suggestions, presented more

as examples of possible uses than as a comprehensive list.

1. Should it become necessary to relocate or add to the
present four disposal areas in LIS, the maps of sediment
sizes, heavy metal and organic content may aid in site-
selection. For instance, to minimize effects on biota,
sediment at a disposal area should ideally have size character-
istics similar to the spoils. If spoils are high in organic
matter but not otherwise contaminated, disposing of them in

an area presently low in organics might keep total concentra-
tions within acceptable limits and perhaps even enhance pro-
ductivity. If the spoil has high levels of heavy metals,

0ils, pesticides or other toxins, it is best disposed of in

a location already showing similar contamination (contrary to
the above.suggestion that spreadiﬁg-impacts might be less
harmful -as a rule). Benthic communities should also be con-
sidered: if all other things were equal, it could be preferable

to dump spoils where small polychaetes dominate, and avoid
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areas abundant in amphipods, sand shrimp or other organisms
of known . importance in marine food webs. The decisions to

be made are obviously complex, but consideration of the base-
line data will enable sounder choices than are possible

without it.

2. Sediment size data can also be of value if LIS sediments
are to be utilized as a source of sand and gravel. As with
spoil digposal, the contaminants and benthic communities
present must be considered. If medium to coarse sands afe
needed, it is perhaps not too far-fetched an idea to mine
portions of Mattituck Sill, with a possible bonus being the
creationkof channels to increase flushing in the central
basin. Any detrimental effects of such channels must of

course be considered.

3. It may not always be possible to conduct more intensive
baseline studies in areas where new point-source impacts are

anticipated. In such cases our baseline data, in combination
with suitable postsurveys, can provide an indication of local

responses to specific activities.

4, Finally, the baseline data establish a standard against
which future environmental change throughout LIS can be measured.
It is recommended that some or all of the baseline stations be

monitored pericdically (perhaps every three, five or ten years)
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for the same parameters as examined in the present study.
This will provide a dual function: a) it will insure that
the baseline data are current and accurate; and b) more
significantly, it will indicate whether measures to manage
the Sound's resources and preserve or improve its water
quality are having an effect, or whether deterioration is
éontinuing. Impacts of new types or in new areas can also

be detected and thus treated.
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INTRODUCTION

The basic objectives of this study wlll be to ascertain the qualitative'and
quantitative distribution of meiofauna in Long Island Sound, to stndy ssasonal
fluctuations in tﬂ@ populationg of the Sound, and to rslate the spatial and
temporal distribution of the meiofauna to the,s&@im%nt&ry environments It forms
-part of a larger sﬁudy béing conducted under the direction of ths National Merine
Fisheries Safvice at Sandy Hook, Neﬁ Jersey whicﬁ will attempt tp provide ecologlcal
heselins inforeaticn for the whole of Long Jeland Sounde ﬂ

The early phase of the research wili essentielly be a survey of the melo-
fauna préseﬁﬁ inrthe Séuﬁd,'a survey aimedlat obtaihing sone information about
the gross distribution of meiofaune in the area, No previous infor ation‘on
méiofauna distribution in Iong Tsland Sownd is extant save that of Gross et ale
(1971)s In this study, however, only-thoss‘orgaﬁisms retained on siaves larger
than ih?AQW5re“§xgmin§d; this, unfortunately@~éxcludes suchlgjlg?g§:Pe?centage
of the melofauna that their study cénnot be used for comparative ?urpoa6$ﬁ

This rsporé will‘include informatiqn on the distribution of total meiofauna
" in Long Island Sound in April and Septembér 19730 In addition, the species
coﬁpositionvof the most dominant taxon encoﬁntered, the free-living nematodes,
will be detailed for April,:along with comments on the relationships of specles

composition and species diversity with sediment granuwiometry, geopraphical

pbsition and total heavy metal concentration.
- METHODS

‘Msiofauna samples were obtainéd from the NMFS lazboratory at Sandy HookOA
The samples had been taken in the field by inserting plastic core liners into

bottom samples which had been taken with a Smith-McIntyre bottom grab, The
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sediment was sampled to a depth of S cme To facilitats enumeration of the meiow
fauna; the samples were preserved in a 1:500 Noufral Red: S % buffered-formalin
mixture. It was fdund that Neutrzl Bed did not function as an adequate staing
thius Rose Bengal was added to thevsampleso

In the laborator:,j the volums of the sampleé was noted, The sémples-wer@
then wmshed fhrongh a set of two sieves, the larger one with a mesh opening of

0.500 mn and the smaller one-ﬁiﬂh a mesh opening of 0.0?A_mma Animals which

passed through the larger sieve but which were retained on the smallérvsieva
were fegarded as ﬁeiofaunao |

Th@ st tlons selected for examinstion are gbvcn Ja Figure 1. It waz decided
to diVldr the Sound into four basic regions: a "New York City" region (stations
2, b, 5, 6, 7, 8, 9, 10), a Western reglon, thought to be someﬁhat potentially
removed from the influeﬁcés of Wew York City (Stations ll,’12, 13, 1k, 15, 16,
17, R, 23, 9K 9ARY s Gentrpd vagion 1\+~+1¢n; 22, 28 27, Bl he b7 o A1

63, 6?, 8z, 86, 90) and an Eastern region (Stations 100, 103, 105, 11k, 117,
) 120 126 128, 130) In addition, the Sound was deldod latitudinelly into a
" Northern r*gion (S*ations 7, 11, 15, 23, 32, hh, 61 '82 100, 114, 126), a
Center regLOﬂ (Stations 8, 9, 12, 13, 16, 17, 25, 35, L5, 63, 80$ 103, 117, 12u)
- and a Southern region (Stat501s 10, 1, 18, 26, 37, L9, 67, 90, 105, 120, 130).
The. samp]cs were taken on NOAA Long Island qouna Cruises IT {April 1973) and
IIT (September 1973), '

For the analysis of nematede species éorpOQinion, 26 of the abovs hl stations
vere selected on the basis of geographic position, sediment granvlometry end

heavy metal concentration., These were Stations 2, 5, 7, 8 and 10 in the New York

City region; Stations 11, 13, 1h, 23, 25 and 26 in the Western region; Stations




32, 35, 37, 61, 63, 67, 82, 86 and 90 in the Central reOion, and Stations 100,
103, 105, 126, 128 and 130 in the Eastern reglons The median grain sizes and
percent silt clay (data obtained from Lehigh University, J.Mo Parks, personal
commmication) of the sedimﬂnte, and the total heavy metal congentrations

(data obtained from NMFS, Sandy Hook) in the sediments are given in Tebls 1,

RESULTS

Spatial Distribution of Total Meiofauna, The numbers of toal meiofauna per

100 cm3 of sadimcnt in Ap?il,aDQVSeptgmber 1973 are given in Tables 2 and 3.
Excluding nauplii, a total of 18 major meiofauna groups were found at the L1
stations, Nematodes were the dominant taxon, comprising mors thaﬁ 90 % of the
to£a1 meiofauna at the statious examined, Nemamod@s were found in all samples
analyzede Harpacticoid copspods and polychaetes were the next»most encounterad

’
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extraction of iﬁe fauﬁa ldéés most of ths ciliates,; no relianc& should.bé placed
5ﬁ these numbers, They ers included for gr‘gs conﬂarison purposes cnlyo

If the data for April and September ars comblned (Table h), the following
observations‘may'be made on the spatial distribgtion of total moiofaunas

(1) The Eastern region of the Sound had the lowest mean population densities of
P

meiofauwng (1291 and 1732 /100 cm3 of sedimeﬁt'for April and Saptembar, respectively),

and the New York City region the highest mean pcpulatioh dsnsitiss (3490 and 362l

per 100 cm3 of sediment for April and September, respectively),

(2) The difference in population densities between the New York City and Bastern

regions was significsnt in both April and September,

(3) On a latitudinal basis, the Northern portion of the Sound had the highest

B AR




- mean populatlon densities (187l and 4392 individuals pcr 100 cm3 of sedjmﬂnt in
April and September, rcspectlvc.s), the Southern portion had the next hinhnst

mezn population dens1cy,and the Center region the lowest mean population densitye

Temporal Distribution of Total Meiofauna, A comparison of the April and September

populati§n densities yielded ths following:

(i) On a longitudinal basis; the abundance of meiofauwna in'Septémbsr wag sige
nificantly higher than iniﬁpril in the Wéstern and Central regions of the Sound;
in the Hew Yorﬁ'City and Eastern regions the numbers in Ssplember were higher

than in April bub not significantly so;

(2) On a latitudinal basis, the abundance of meiofauna in Septembsr wag qxgnlfwcanu?v
higher than in April in the Nortb"rn and Souwhern regions of the Sound; in the
Center region the numbers in Sepbaubcr were higher than in Aprll but not -

B ITIL G P oriTInIIaLY e mgey
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(3) In April, fhe»New York City reglon had significantly higher population

" . dengities than thé Qestern, Central and Eastérn féaious; in Sepbember, the New
York City, WeSuarn dnd Cenbral regions did not differ sim lifi cantly among thﬁﬁ~
szlves, but all three had significantly higher pCDulatJOﬂ den51t19q than the

. Bastern region and

(L) In April, no statistically significant latitudinal differences existed among’
tba Norﬁhern, Center and Southﬂrn pox tions of the ound, but in September both
the Northern and.Souuhern portions had sianlflcaltly higher population densities
than did the Center regione

In summary, it eppears that major differences do exist in meidfauna population




densities in different gsographic sections of Long Ialand Sound, and that
there might also be sezasonal differsnces in the abundance of-meiofauna in tho

Sound, However, more datz ars needed to ses if the latter observation lg correct.

~

Ncmatodbuo A total of 205 species were found at Lhe'26 stations selzcted for the

ompositicn; their reldtlvo abundances are given in

o

study of nematode species
Table 5. Mest of the species were quite res tricﬁed in their distribution; 98
species vere found at énjy one station, L3 species at two stations, 12 qt three
stations.and eight at four stations. Thus only Ll species were encowntered at

dimorphug Chitwood (20 stations), Sabatieria pulchra Scheider (17 stations),

Desmodora tenvispiculum Allgen (1l stations), Dorylaimopsis metatypicus Chitwood,

(13 stations), Terschellingia 1ongicaudata de Man and Therisfus normandicus da Man

(12 st&tions} and Odontophora srmata Ditlevsen e:d Microlaimis sp 1 (11 stations)e

The 26 stations wers divided into ive major sedimsntary habitats, based -
ph the'sediment granuiom@try data for April 1973 provided by Lshigh Universitye
" These habitabs were: mudv(Staiions 2, 5, 7, 8, 13, 35, 61, 63 and 82); muddy
sand (Stations 32, 86 and 100)- fine sand (8tations 90, 105 lZé’and 130);
mediuvm sand (Stations 10, 11, 14, 25, 37, 67 and 103} and coarse cand (Stations
h 23, 26 and 128). |

t‘ The affinity =among the nematode species occurring in these szediments is
given in Figure 2. Figure'2,‘a trellis diagram; is a sqmimquéntitative mathod
- of indicating relationships}among communities‘from different areas, Details of
the miethod are given by Sanders (1§60) and Wieser (1960). Within the five habitats,
the: highest degree of &ffinity was observed among the spscies inhabiting muddy
§edimentso Within the remaining habltats, oniy the medium sands ténded to show
any degrse of high faunal affinity, and this Wasg largely due to the overwhelnming

/
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dominﬁnce of ths fauna by Theristus. problematica at three of these stations
(Stations 10, 67 and 103). Thé obher three habitats displayed little within
habitat fawnal affinity.
There was no high degress of affinlty among species inhabiting different

sediments, In other words, the faung of one habitat showed little affinity
‘with the fauna of another habitat. The speciecs inhabiting muds and medium sands
showed hipher degrees of affinity with other habitabs than did the species |
oceurring in muddy sands, fine sands and coarse sands, bub there was 1ittle
consisténcy in the &at&e It appears, therefore, that thers might be a distinct
mud fauna,which is identifiablé by its high.wit&in«habitat species affinity.
The otheir habitats exhibited a high degrae of within habitat variation (that is,
a high degree of station to statiéﬁ species variation within the habitat)e

x

If the stations are arranged by geographic location (New York City, Western,

Ceﬁtralf Rastern regions, etca), there is Jittle either within or heltwaen habitath
similarity in specles compositione
Outside of muddy sediments, therefore, the high individuzl station to

station variation in species composition makes impossible the detection of certain

faunas associazted with certain sediments (medivm sand, fire sand, etce)eo

Hematode Feeding Types, The nematodes were divided into four basic feeding types,

based on the structure of the buccal cavity, according te the method outlined

by Wieser (1953). Thess groups ares

Group designation ) C Characteristics
14 Without oral cavity (sslective deposit feeder)
1B . With large, vnarmed oral cavity (nonw-selective deposit feeder)
2h With weak oral” armament (epigrowth feeder)

2B - With heavy oral armament (predator/omnivore)
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For‘aa55 of comparison, Groups 1A and 1B w&ra combincd into one group,-
deposit feeders. The dlstribution of feeding types in fhe five'major sediment

types is shown in Figure 3. Deposit feeders were ﬁha overwhelmingly dominant
feeding type encountered in muddy sediments. An inereass in eplgrowth feeders

was observed in sandy sediments, but deposit feeders were still the dominant
feeding type encounf,arede The group 23, predators/omnivores, were consistently

the least abundant feeding type observed in all scdiments,

Nematods Species Diversity. Nematode specles diversity was calcuvlated using the

familiar Shanmnon formula,

HY = w PilOgZFi,. | N S | -
where Py is ﬁhe proportion of individuals Heldngiﬁg to the ith species. Specles
diversity has a "species richness" component and’ an "evenness? componentflioyd

md Chelardi 196L). Species richness was estimated by SR = (5 = 1)/ In §, whers

(M

s ie the numher of snecies 2nd N fhe numbar of individuais in a sample{Harzal el

1958), Evermess, a measure of the allocation of individuals among species, was
’ . : : LEL 8 s
calculated ag J = H'/logo s (Pielon 1966),
The median and ranges of species diversity, species richness and evenness
are given in Figure Lo Median diversity was highest in muddy. sands end fine sands,
where the range of diversity was also lowest. Diversity was lowest in muds and
coarss sands, In muds, medium sands and coarse sands the range in diversity was

gaite large; this high range in H' was dus to a great range in both the richness

and svenness component of spscies diversity (Fig. L).

Total Numbers of Nematodes, The median and range of the total numbers of nematodes .

cbserved in April 1973 in the five sediment typss is given in Figure L, A'great
range in the population densities was observed in all but the coarsest sediments,

vhich had a significantly lower median population density than did the other

!




four sediment types. The highest population densitiss were usually found in
muddy sediments, but no significant differences in total population density

existed among the muddy, muddy sand, fine sand and mediun sandy sediments,

DISCUSSION

Spatial and Temporal Distribution of Total Mziofsuna. There have been few

studies of meiofauna in what might be regardsd as "polluted" areas, In the
only other study in which the population densltles of tobtal meiofauna in--
polluted areas were considsred, Marcotte and Coull (197L) used a 0.125 mm mesh

gieve as the smallest sieve, thereby making comparisons with the present study

total numbsrs of meiofauna away from the pollution source (waste effluent pipe)

in the Bay of Piran, Yugzoslavis. This decreass is not sigaificant, however,
ties choerved the course of the prasent stedy

4 IS er
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Tha narmilstdsn Adone
he population de
agraed well with those reported in similar subtidal areas (Mslﬁtyr@ 196h§
Wiessr 1960; Tietjen 1969; Coull 1970; MeIntyre and Murisom 1973; and others,

surmarized in McIntyre 1969), Finer sediments have been reported as gererally

having higher populaticn densities than coarser sediments, and the resulis of
& & bop & 3 . B .

~the present study are in agreement with this gensral trends

Taken as a whole, Long Island Sound is not depauperate either in total
meiofauna density or in the diversity of majJof taxa, However, ostracods normally

constitute a major taxon in most meiofauna assemblages. In Long Island Sound,

~the number of ostracods, both in terms of toal density and spatlal distribution,

is disproportionately low, This was unexpected, particularly in the finer sedi-

. _ 5 w2
ments where the numters of ostracods normally is in the rangs of 10 - 10 m

(Smidt 129513 Tietjen 1969), No reason can be given:at this time for the apparent

reduction in ostracod numbers in Long Island Sound,

'
i
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As for comparisons in ths numbers of total meiofauna between April and
September, the apparent increass in total nuwmbers in September was primarily
due to inereased numbers of nematodes and polychaetes, The latter were especially
abundant in September’in the form of recently Séttlﬁd‘jUVenilﬂﬁo Similar in~
creases in the numbers of meilofaunal polychastes in late summer have been
noticed by Tietjen (1959) in two nearby estuarics in New England { the MNiantic
River in Connecticub and the Pettaquaﬁscutt River in Rhode Island)e

Tietjen also observed maximum abundances in nematods densities in the same

i

two estuarles tended to occur in the summero.During the pressnt study, the in-
creassd abundances of nematodes obsefved in Sepﬁember were most pronounced ab
those stafions closest to shore (in the Northerﬁ and Southern regions ofAtha_
Sound; Figure 5). In conﬁrast, the stations in the Center ;egion generall;-
showed bul a élight iﬁcfease in the aumbers of nematedes from April to Sépiembere

£ B o S AN Pr R, Uy R R P Sy N g
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o

he sipgnificant increas
closest to shore ﬁay well have been due tovseasonal changes in %émpér&ﬁuﬁe énd
food coﬁposition similar.to those observéd by Tietjen (1969) in the Niantic and
_Pettaquamscutt'ﬁiverso It 1s not unexpected that the vérigtians in abundénce might
ﬁave-been less in the Center region of the Sound, sn area which is déeper and

more removed from the annual disturbances in thé environﬁent vwhich are more likely
to occur in the more shallow Northern and Southern fegions of the Sound, No data
are avallable at this time on seasonal varlations in the spééies composition of
nematodes; the September 1973 samples are just beginning to be analyzed for

“nematode species composition, .

'Nematodeso In general, the sahples richest in silts and clayé contained the

highest numbers of nematodes, independent of geographic locatione However, the.
bighest ﬁumber of nematodes observed at a1l stations was at Statién'l&, 2 medium
sand (8,100 and 11,300 per 100 em? of sediment in April and September, respectively)o

A review of ﬁhoiliteraturé shows that, while the highest population densities of

’
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of nematodes are usually found in fine sediments (Wieser 1960, for Buzzards
Bay; Rees 1940, for an intertidal mud flat; Teal and Wieser 1966, for'a salt
marsh), there are occasions (Tistjen 1969; Warwick and Buchanan 1970) on which
sandy sediments may contaln higher population dansitiéa than finer ssdiments.
The facters which regulate the abundance of nematodes (and other medofauna) in
shalleow subtidal regions like Iong Island Sound are obviously too complex and
interrelated to seek a singie causabive apent which might explain something ss
Eross ag spatial and temporal abundances; Nevertheless, it does appear that
‘the total mumbérs of nematodss in Long Island Sound might be well-corrslated
wlth the amount of silt-clay present in the sediments, 4 step-wise regression
apélysis using an'IBM 370 comput@r.showed that, with total numbers-agrthe
dependent variable, a correlation with percent silt - clay was 3ignificant‘aﬁ
the 95 % level ol confidenca>( r = +0.,L19 ), The-correlationAof tobal numb&:s

)

with orgenic carbon was even higher { r = + 0,529, p .01).

Hematode Species Composition and Diversity, More than half (1Li) of the 205 -

species of nematoaes identified in April occurred at but>one ér two of the 26
stations chosen for the analysis of species compositione It has been suggested
(Wieser 19603 Hopper‘aﬁd Veyers 1967; Tietjen 1969) that more species of nematodes
will be found in a habitat which has a large number of ecclogical niches; all
three authors have concluded, therefore, that the‘héterqgeneity of the nematode
Lavna should incrsase with a decresase in the silt%clay fractions Coarser
sediments might be expectéd, fherefore, to have a higher spécies diversity and

lower incldence of dominance by ones or a few spécles than sediments rich in silt~

prE——

claye Help and Decraemer (197L) recently observed a remarkably clear correlation
betwesn nematode species diversity (H ') and sediment size (median grain size)

in agrecment with the expected results in the North Sea,
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Results of £he present study are not as clear. In the present study,
diversity was lowest in sediments rich dn silt-clay and increased, as expscted,
in medium and fine sands, However, in sediments coarser than 0025 rm diversity
decreased and, except for two unusually high values at Stations 1 and 128,
“diversity displayed a tendency to decreass as median graln slze rose‘above 0,30
mme Since the study conducted by Heip and Decraémef was in sedimenis finer
then 0032 mm, the results of the two studies are not dirvectly comparabla, Howe
ever, it aoes aﬁpear that the two are in basic agreement as to the relationship
between divérsity and sediment size, at least up to a medium grain size of
about 0.30 mm,

In the bresent study the divarsity of nemaledes wes somewhaﬁ correlatad
with percent silt~clay ( r = #0,25); this correlation wes not significant, howe
ever, and othér factors musf be sought which might explain diversitye

Lo
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station (even among statioﬁs with the same éediment charactmriétics)&”
hopeless at this time to'attempt to explain thezdiyersity 25 being a function

of something simple like median grain size or precent silﬁéclayo More will be
said later on this subject, -

Wieser (1960} observed tﬁat, in Buzzards Bay, sandy sediments were charace-
terized by a large number of stenolwpic species, species which did not oceur in
finer sediments. Conversely, nesrly all the species occurring in fine sediments
also occurred in coarse sediments, althoﬂgh wsually in smaller numbers, Such a
faunal distribution could easily be attributsd'to sediment distribution, where
fhe presence of some silt-clay in sandy sediments could provide sufficlsnt inter-
stitial space to permit the existence of a silt fauna, while thé high amount of"
811t and clay in finer sediments would exelude or nearly exclude animals

" dependent on a sanay substratum (Wieser 1960),
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The cdistributicn of nematodes in the present study is in good agreemont
with the observations of Wieser in Buzzards Bay..O0f the 1Ll specles restricted
in distribution to one or two stations, only 2l vere restricted to muds; L5
were restricted to. fines sands and 53>wera found only in medium and coarse éandso
Thus the coarser sediments contained many more stenotopic species than did those
sediments rich in silt-clay. This was also seen in Figuwre 2, which i1llustrates
that a high degree of species affinity both within habitat énd between habltat
was in evidence gnly at the stations rich in silt-clay. The high degree of affinity
among the stations rich in silit-clay most probably is & result of the smaller
number of niches present in finer sediments, Aﬁimentioned above, thz bigh degree
of speciss affinity shown among Sﬁations lO? 26, 87 and 103 was dve to the over-

vhelming dominanca of the fauma at these stations by Thersistus problematica.

It will be interesting to see if the fauna ab thess four stabions continues to
be dominated by thz same or another species in September 1973.

ten of the 26

<!
et
@
W
el
¢t

The more common sp@cies>{*hose occurring in &
samples analyzed):were examined for distributioﬁal trends, The distributional
-trends of the 25Vcommonc§t spscics are given in Table 6o Of the 25, only nine
nzy be taken to be indicatlve of certaln sediment conditioﬁs in ang Island

Sounde Microlaimus dimorphus, Theristus problematica and Paracanthonchus caecus

displayed an affinity for sand, while Sebatieria pulchra, Terschellingia longi-

caudata , Theristus normandicus, Sprinia paresitifera, Nectonchus punctatus

and Halichoanolaimus raritanensis preferred finer sediments. The remaining 16

species were eurytopic in their disiribution.
The distributional trends of the 25 commonest species in Long Isiand Scund
wers mostly in agreement with thedr distributional trends in other areag whers

they have been found, Wieser (1960) found Terschellingia longicaudata and

. Sabatieria pulchra were much more abundant at the silticst stations in Buzzards

H
i




13

Bay; Tietjen (1969) observed the same distributional trends for both species

in tha Niantic and Pettaquamscutt Rivers.: Spirinia parasitifera and Halichoanolalmus

raritanensis occurred in greater abundance in the firer sediments of both
Long Island Sound and the estuaries studied by Tietjen; these species were
not reported by Wiequ as occurring in Buzzards Bay. Among Lh@ species found

to be eurytopic in Long Island Sound; Tripyloidesgracilis and Dorylaimopsis

metatypicus were also eurytopic in Buszards Bay and the Niantic and Pettas~

quamscutt Rivers. Desmodora tenuispiculum, Neochromadora peocilosoma and Saba=-

tieria hilarula were also curytopic in Buszards Bay; these species were not

found by Tietjen in the Niantic and Pettaquamscutt Rivers,
Some of the spacies'common to Long Island Sound, Buszards Bay and the Niantic
and Pettaquamscutt Rivers were also found by Waerwick and Buchznen (2970) off

the Northumberland coaste. Thﬂre the distributional trends differced somewhat from

l»
"

those in New England. Sabatieria celtics, eurvtopid in ‘the Nizntis and Petia-

“

quamscutt Hivers and Long Island Sownd, was found in siit in Fortnumberleand, and

Sabatieria hilarulé, eurjtopic in New England and Long Island Sound, displayed
an affinity for sand in Northumberland., There were differences nobted among othe:x
species alsoe

It thus appears ‘that it may be somewhat prcm ture to consider the use of
rematodes as faunal indicaﬁors,>at least of sediment type., While relationships
between certain species and sediment type may exlst, these relationships may not

he the same 1n all areas, Even in Long Island Sound, wmore data are needed to see

if the distributional trends noted in April 1973 still exist,

Nematode Feeding Types, The observed distribution of feeding types in Long Island

Sound conformed very well to the expected distribution, Deposit feeders were the

dominant form, especially in fine sediments, whereas epigrowth feeders tended to

AT



attain their maximum abundances in coarser sediments. The results of the:
present study agreed well those of Wieser (1959, 1960), Tietjen (1969),

Could (1970}, Warwick and Buchanan (1970) and others; nothing more need be said
SUMMARY

Tn summary, it can be said that the msiofauna of Long Island Sound appsars
to be quite typlcal of that occurring in subtidal areas both nearby (Buzzards
Bay) and quite distant (North Sea), The population densities and spatial
distributions of most of the taxa found confermed very well to whal was expected,
Nematodes wsrs the dominat texon, snd their species composition and diversity
vere studied in detail. Of par lar interast was the 3 ionship, if any
were studied detail. Of particular intersst was the relationship, if any
etween species composifion, diversity and "pollutioni® an index of the latter
betw tion, diversit 1 "pollutioni® ndex of the latter

being the heavy metal concentration in the sediments, On the basis of this siudy,

Ie
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it eppears thotl nemstode spocics diversity is
least of heavy metal pollution, Step-wise regression analyses showed that there

no significant differences in diversity ( H ' ) which could be ebtribited eithsr
- to heavy metal con¢entration or geographic positicn’in‘thg'Soundo Hedian divcrsiﬁy
ﬁas lowest in fine sediments; 1t was higher in muddy sands and fine sénds and
then decreased again.in sediments coarser than 0,30 mm, Nithin.each sediment

type, there were no differences in‘diversity between those sediments having high
heévy'metal conéentrations and those with low heavy metal conéentrationsa The
range in divérsity, both ﬁiﬁhin a given sedim@ntarj habltat and among different
habitats makes its use as an indicator of pollution, at lgast‘for the present,
impossible in Long Island Sound, It appears that sediment size, rsther than héayy
ﬁetal concentration or organic carbon content may play the dominant role in the

regulation of nematode species diversity in Long Island Sounde In finer sediments,

b L
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the rcétricted'number of nlches avallable to the nematodes will keep diversiﬁy
low, Diversity may then increase in muddy sands and fine sands as a function of
increased habitat heterogensity in these sediments, as long as these sedimen?s
(which tend to be somewhat more wnstable than the finer sediments) are not too
difficult for most species to colonizé., As the sedinments become coarser, diversity
may again decrease because fewer spécies can survive in these high energy en-
vironments, This is the pattern of diversity observed among the nematodes in
Long Island Sound, and it is not inconsistent with the Stabilit"wTimQ Hypothesis
of Sanders (i969)°

-In Long Island Sound, particular attention st bo paid to lecal envirommental
conditions, howevérp‘since the factors controlling the distribution and abundance

of nematodes (and other meiofauna also) ars so variabls fronm place to place,
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Table to Median grain size, percent silt-clay {(by weight) and total heavy
metal concentration (ppm, dry weight basis) for the stations in long

Isiand Sound at which nematode specles composition was analyzed

Staticn Median grain size {mm) Percent silt-clay Metal Concentration
2 | 04007 86.5 736,84
5 0,02l R 67.9 1075096
7 | 0,026, S T S Thhlo
8 0,011 , 832 118110

10 , 00335 ' 2.1 © 166,47
11 ' 0,355 2.1 Lh7630
13 015 7843 S (R
23 008 a0 18810
25 A | 0,391 . R A C 60L.60
26 ‘ 0,409 o B A P
30 ‘ CC80 h2ek o 99;b0'
35 o0 . 90,3 S 110k010
37 foooa13 B S
61 - 0.018 : , 87,9 ’ ihso?o
63 _ 0,020 T 85l : 550450
67 0359 : L9 20,15
B2 00024 82 ; 471,00
86 . 0,077 W3 253,30

90 066 S 107,50

200 , 0,103 o 2L.2 580,70

103 06253 ' 2,0 S 67,00

105 0,137 _ . 12;7 , 137.60

126 ) : 0,138 8.7 137460

128 ; | 0,542 , 6.0 : 216,70

130 ‘ - 0o2h1. . Ok 90,20

# Includes Cd, Cr, Cn, Hg, Mn, Ni, Fb, Zn




Table 2,

Numbers of meiofauna per 100 cm

3

of sediment at L1 stestions in Tong

Tsland Sound; April 1973,

¥aiofauna Group

STATION

" Sy ey g P B 11 LI S
Gumnpan and Tanatdia

2 L 3 6 7 8 o 1 1T 12 13 - 1 13 16 17 18 23 2% 26

Foraminifsra . 8 2 = 36. 1 13 n

Ciliata 13 6 10 15 ' 7.1 5. 2 2
“amertinea L 3 3 3 S 2 3 96
Hamatoda 6755 3318' L188 2980 1500 235L  6LS 3110 740 g79 10h8 Blo0  2L6 1700 LiL 126 382 k23 53
Kinorhyncha 74 11 1 . A 1 L -
Gastrotricha. 7 3 .6
Turbeliaria

Polychasta 6L 680 1o 11 67 58 10 2 10 5 PR 8 10
farpacticodda 585 13 172 .- 18 3 . 6 3 5o 2 15 18l 97 L 768
Ostracoda A . o27 | 2A o 5 3 7

" Amphipoda L \ )

Other Crustacea’ ‘

Hauplii 5 Pl 26 . 3 8. 7 '3 ‘ 6 . 25 'A3_ 3 2 2 775
Hzlicerids 1
Tamellibranchiata  § | 3 3

Gastroveda

Tardigrada )

Total Meiofauna 7LSC 1032 14530 303‘2 ’151i 37 .685 3180 753 }T 560 205L 8298 279 1733 LTS5 182 503 525 1401
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. 3 . . X - ~ ,
Tale. Numbers of meiolauna per 100 cm” of sediment ot LO stations in Long Island Scund,

Sept. 1972

Keiofauna Group 2 L5 &6 7 8 9 -1 11 12 13 1L o.ae 17 1@ 23 25 26
Foraminifera Lo 36 2 670 31 2l 3 10 6 27
Cilista 19 8 99 ' 2 209 133 56 57 31 62
Hemertinea ‘2h L 53 3 32 .

Nematodes 36L0 5015 1228 2218 539 6500 1568 2620 2763 8lo 576 11300 2571 185 3418 3973 903 3000
Kinorhyncha J 3007 9 13 5 15

Gastrotricha 1k 8L 70
Turbellaria / 12

Polychacta 225 82 2 80 371 43 6oL 28 oLl 96 5 60 1B 19
Harpacticoidea 612 2 19k 18 326 8 L8 236 37
Ostracoda 7 It 3 g

Amphipeda | g 13 g - 13

Hauplii 27 ) 3. i 1
Halicarids I 3 1 3 26

Lamellibranchiata 2 , 6 i L 15 31
Gastropoda

Prdronoa

Cumaces

Totel Meiofauna 3908 5112 L211 3107 5hL2 7553 1570 2927 3515 892 5?9 11733 3242 5311 3680 ‘ulo:é 9&9' 3227
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3L L7 1892 023 41 61 k13 63 37 100 51 20k 37 3L 177 353 L7 10 L 96
100 35 7 5 6 | 3 1
1 1 21 11
2 L3 3 1 1 15
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§ 1 73 1S 33 8 29 1. 2 £0 T20 1 1k
3
3
1
10015 928 3886 12012 355k 2Lh70 227 12L5 2651 1921 3?3!51 1253 2000 2L06 1263 1L37-3753 585 1269-3863 630 3597
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Table lio Mean pépnlation densities of total meiofauna (number of individuals per
200 emd  of sediment) in various regions of Ipng Island Sound, April and

' September 1973

Region April September
(see text) -

New York - 3o _ 3624
Western E : o 1881 . - 2961
Central , 1963 ~ 3532
Bastern | 1291 o 1732
Worthern .'3:87i1« e - 392
Center _ 1271 _ - A76L

Southern 1703 : - 2992




s .
‘ Table 5. Reélative abundence of nematcde species in L I S in April, 1973
Snecies Feeding Station
= . o,
L

¢ 5 7 8 10 11 13 i 23 25 26 32
Sabaticria pulchra G. Scheider 1B - L6.2 19.9 60.0 59.0 2.1 Ll 2.0 1.3 3.2

Theristus setosus Butschli

€ 3.3

&
i\)

. Terschnallingia longicaudata De Man 1A 7.6

9.2 8.5 16.5 10.3 5.2

Tripyloides gracilis Ditlevsen 1B 15.9 L0 . 0.8 5.0 0.7 - 5. LS

Oncholaimus paralangrunensis Allgen ‘ nEB- Lol Qo7 ‘,v ) | Z}é . 9.1

Anticomez litoris Chitwood , 14 b3 1.k

Zuchreomadora gaulica Tnglis 24 0.7 el 3.6 1.3

Halichosnolaimus raritanensis Hasbrouck '.23 < Lol

Odontoohora armata Ditlevsen ' 18 1.l 35.2 L0.3 18;5 1h.7 9.7,

Sebatieria hilarula De Man - 1B 5,6 1. 0.7 1.k 5.2

Chrom«dorina cervix Wieser 24 Lol ’

Opirinia parasitifera Cobb 2A 2.G 11.4 0.8 5.? 13.7 . 0.6

Lesmodorslla cechalata Cobb 24 0.7 1.3 1.L 2.7 6.5
18 1ol L5 1.h

23 0.7

Metalinhomceus tvoicus De Han 24 0.7 . ’

S o b
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~
‘Species ' ' Feeding  Station
Lype
2 5 7 8 10 11 13 1L 23 25 26 32
cer DeConinck & Stelkhoven 13 0.7
andata Allgen 1B 0.7 . : ’ ‘8.0 0.6

Unidentified Monhvsteridae &

l._)
td
&)
b
-1

Cervonama tenuicauda Stekhoven

J
|¥5]
(o8}
)
AV

0.7 ‘ 7.5

[
.
(V%)
}d
.
O

]

>

(oY)
[}
~J

L]
=

I.._J
e
=
.
@]
EAVS
o
O
@]
<
-3
L
.
<O

24 L6 C.7 0.7 3.L 0.9

Theristus problematics #1lzen 13 2.6 - hi.9 ) 1.8 70.5

Hononcholaimus conicaundstus #llgen . ' 23 . 0.7 -

Ddontophora setosa #1lgen iR 1.9 5.8 8.2

Theristus normandicus De Man 1B 3.6 12.L 1.0 2,0 8.0 0.5
rstera sp. 13 0.7

Veochromadora poccilosoma De Man 24 1.h : 1.5 1.0 1.3

Chromadorina- epidenns E'Jieéer & Hopper | 24 2.0 - 5.8 Ooé

Hal :lairws Ca-f)l-x-:‘"“l‘: Chitwood 14 0.7 *0.8

Llentheroleimis stencsoma De Han ) 1B - 1.3 .

Odonbonhora veriapilis hieser s Hopper 18 _ 1.3 1.6 11.1

AL IS M e e
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Spacies Feeding  Station
Type .
z 5 7 8 10 1y 13 1k
dimorohus Chitwood 24 1.6 k.3 3.0 6.8

M, .

Monooosthia mirabilis Schaltz

[N
e
<
o
Kes]
i
o
(3¢

Y SN T S - = a0y ~ s
Microlainus spe 1 iB 0.6 "1.4 2.2 2.0

Theristus horridus Steiner

&
W
°
T
Q
o
-1

: Prochromadorella neapolitena D

P
i
m
5]
N
h23

-3

.

=]
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007 703

nY
wi
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o
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=
o
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—J

138 2.6
rastroohora heoxabulba Filipjev 23 0.7 1.b
0
Axonslainus hexapilus Wieser & Hopper 18 5.2 0.8

b

~J

iz . 2.2
Theristus bibtschli Bresslsu & Stekhoven 13 ‘ 2.2
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Feeding
‘ype

Station

Parslongicyatholaimus zosterae “llgen

Linhomoeus sp. L

Unidentified Linhomceidae &

P

Odontopnora angustilaimus filipjev

Theristus (Cylindrotheristus) Sps L

%]

Halanonchu

SP.

BB R EE BB B

S
e
¥

2 5 7 8 10 11 13 14 23 25 26 32
1.3

1.3

302

1.3
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1.1

1.1 1.3
1.1
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0.5 1.k

&7 82 BS& S0 150 103 1y 126
2.2
C 0.7
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1.0
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TS . 5
“hins ornata Cobb

Dideltz sp.

Iurystomina spe

——

Choniols

Hypodontolaimus schuurmsns-stekboveni

Gerlach

noderma S,

Sabatieris elfilata Stekhcven

Maristos  acrilibiatus Delo
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Type )
25 7 8 10 11 13 1k 23 25 26 32

o
Ir)':' .

&

3.6

AS2Y
.
AV2N



100 103 105 126 128 130
o 1 1
82 9
37 61 83
0.7
2,2
0.7 .
: 0.8
0T |
hod 1ol
0.7
0.7
0.7 -
0.7 1.0
o5 10,0
lo)
1.l
07
0u7
0.7
13
2 l - 60).‘, 19)4
0.7
2.2 3.2 2.1 0.8,




ST

Feeding

Mo,
Type

Station

Pomponema tautraense Allgen

«< - Eary . > X 4
ogaatieria lonpgiseva Kreis

Diplopeltula striata Gerlach

Oxystomatina elonsata Coblb

Desmodora sps

Linhcncete spo 2

Ampnimonhysters sp. 2

HMonhvstera chesapeskensis Timm

)

i cinctum Cobb

beauforti Chitwocd
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Tarvaia spe 1 o 15
Oxystomatina oxycaudata Ditlevsen 1A
Oncholaimoides striaztunm Chitwood 2B

MOTCEOn

32 SPo : 1B

. Paralinhomoeus brevicaudatus Stekhoven 1B
Cvatholeimus so. 24
Ceranonema reticulatum Chitwood : 1B

¥an 24
; 1B
Sabatieria anucaudiana Vieser ' 1B -
Uylindrotheristus sp. 2 1B
Bathvlaimus capacosus Hopper 1B
Yetachromadora obesa Chitwood 24
I ica spoA ‘ | ‘ 13
Paramicrolaimus sp. 1B
Disconena sp. 13
Huchronsdora pectinata Wieser & Hopper 24
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11

23

\r

n
o
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Tayvaia donsi Allsen
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¥ Feeding  Ssation
Lype
2 g 7 8 2 13 ihoo23 25 5

Dwrstomabina spoe

Odontophora axonolaimoicdes Timm

tus) spe. 3

Hestonchus spe
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“Table 6, Distributional trends exhibited by the 25 commonsst species of nematodes

.in Iong Island Sound, April 1973

Affinity for mud

Eurytopic Affinity for sand
Odontophora armata Paracanthonchus cascus
Tripyloides gracilis Microlaimus dimorphus
Microiaimue sp 1 Therdistus problematica

Sphaerolaimus balticus
Prochromadorella neapolitina
Desmoscolex americanus
Sabatisria celtica
Buchromadora gaulica
Cervousma tenulcauca
Desmodora tenuispiculum
‘_Dorylaimoésis metatypicus

Necochromadora poecilosoma
Desmodora quadripapillata
Xyala striata

'MOnoposthia mirabilils

Sabatieria hilarula

Haliqhoagolaimus raritanensis
Sabatieria pulchra
Ter&cheliingia longicaudata
Therdstos normandicus

Spirinia parasitifera

Neotonchus punctatus
P
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FIGURE LEGENDS

Figure 1, ifap of Long Island Sound, showing the.station locabions and
division of the Sound into New York City, Western, Central and Eastern

Regions

Figure 2, Trellis diagram for the 26 stations selected for analysis of nematods
species composition, April 1973, showing the degree of faunal affinity

among the nematodes

Figure 3, Distribution of nematode feeding fypes in the five majer sedimentary

habitats, April 1973

.

Figure L. Ranges and medians of nematode population density (pumbers of individuals
per 100 cm® of sediment), species diversity (H '), species richness (SR),
and evenness (J) in the five major sedimentary habitats, April 1973

3

Figure 5. Population densitles of nematodes (nuaber of individuals per 10U om
of sediment) in April (first bar) and September (second bar) 1973 ab the

b1 stations in Long Island Sound selected for meiofauna analysis
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FIGURE 3 -
[:] Deposit Feeders IZZ Epigrowth Feeders
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