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I. INTRODUCTION

This report describes the results of a seasonal survey carried out during
1981 along the South Shore of Long Island. Eight potential borrow sites, which
would supply material for an extensive beach nourishment program planned by the
U.S. Army Corps of Engineers, were studied (Figure 1). The goal of this survey
was to provide baseline information on both the sediment characteristics and
the distribution, abundance, and diversity of the macrobenthos in each
potential borrow area.

. IT. METHODS
1. Sampling Procedures

Data for this study were collected during three seasonal cruises aboard
the R/V ONRUST. A total of 65 stations were sampled on each of the three
cruises. Figure 2 shows the location of each sampling station. In this
figure, each of the eight potential borrow areas are designated by a single
letter code ranging from A for the western most to H for the eastern most area.
Stations within a borrow area are given a numerical identifer along with a
borrow arela letter code. Thus station A8 represents station 8 within borrow
site A. r

i

Statipns were located along transects which ran roughly perpendicular to
the shoreline. The number of transects per site and the number of stations per
transect were determined in consultation with the Army Corps. The water depth
at each sthtion is given in Figure 3. Sampling at a site was restricted to
locations between the 307 and 60° depth contours. Loran C was used for
navigation; Loran coordinates for each sampling station were recorded on the
first cruise and used to locate stations on subsequent cruises. The longitude
and latituge of each station is given in Table 1. Sampling dates may be found
in Table %.

Quantitative biological samples were collected using a 0.l square meter
Smith-McIntyre grab. Three replicate grabs were taken at each sampling station
(Figure 2). Upon retrieval of the grab, the doors of the bucket were opened
and a ruler was used to measure the depth of the sample below the top of the
bucket. These measurements were recorded and later used to calculate the
volume of the sample. The contents of the Smith-McIntyre grab were then
emptied into a plastic tray and a small (<50 cc) sediment sample was taken.
Sediment samples were placed in labelled whirl-pak bags. A small amount of
ethyl alcohol was added before sealing the bag to inhibit bacterial activity.

Grab samples were sieved onboard immediately after collection. Sieves
were constructed of 1 mm diameter Nitex screening. After washing, all material
retained on the screen (e.g., animals, detritus, sand, gravel, shell fragments,
etc.) was transferred to labelled sample jars. Samples were preserved for
biological analysis in 5% buffered formalin and stained with rose bengal.

Qualitative epifaunal samples were collected using a 1.5 m long epibenthic
sled. This sled was identical in design but somewhat smaller than the device
described by Hessler and Sanders (1966). The mouth of the sled used in this
project was 50 cm wide by about 25 ¢m high. The collecting net was constructed
of 0.25 inch stretch nylon.



Sled tows were taken at 39 of the 65 sampling stations (Figure 4). The
sled was towed for 5 minutes on the bottom in a direction perpendicular to the
transect line (i.e., roughly parallel to the shoreline). Material collected in
the sled net was transferred to labelled sample containers and preserved in 5%
buffered formalin.

2. Sediment Characterization - Laboratory Procedures

In the laboratory the whirl-pak bags containing sediment samples were
opened and allowed to stand for about onme hour prior to processing. This
permitted the alcohol which was added to the samples on shipboard to evaporate.
There was no significant evaporation of water during this period. After
standing, the sediment was removed from the bag, mixed thoroughly, and split
into two subsamples. One subsample was used for textural analysis, and the
other primarily for loss on ignition. A schematic diagram of the steps taken
in the following sections to characterize the sediment samples is given in
Figure 5. |

a., Class Pgrtitioning
.1

Immeifately after spliting, a portion of the sediment sample
(approxlma ely 40 g) was put into a 100 ml volumetric flask. Distilled water
at room temperature was used to wash down any material adhering to the glass
above the ptched capacity line. The flask was gently agitated by hand to
remove air bubbles trapped within the sediment and filled with distilled water
to the cap?city line. The flask with sediment and water was then weighed on a
Mettler PC400 balance. The contents of the flask was next washed onto a 0.0625
mm screen and thoroughly wet sieved to remove the silt-clay fraction of the
sample. The material remaining on the screen (i.e., the sand and gravel
fractlons)awaa, using the same procedure as above, transferred back into the
flask and we;ghed. The weight of the silt-clay fraction (W._.) was computed

from the two successive weighings using the following formu a
i

i

o M
L= 2 B..J

s—C

where x; and x, are the two weight measurements, p_ is the density of the
water, and p, is the density of the silt-clay fraction (2.65 g/cc). The
derivation og é%ls equation and a discussion of the accuracy of this technique
for obtaining the weight of the silt-clay fraction may be found in Appendix A.

The sand and gravel fractions remaining in the flask were next washed
through a stack of two sieves —— one with a mesh size of 2 mm and the other
with a 0.0625 mm mesh. The gravel fraction was retained on the coaser sieve,
and the finer sieve collected the sand fraction. Both fractions were
transferred to tared aluminum dishes, dried at 60° C, and weighed.

Data were calculated and reported as percentages of the total sample
weight. Total sample weight was determined by summing the weights of the
individual fractions (silt-clay, sand, and gravel).

b. Sand Grain-Size Analysis

The dry sand fraction obtained in the previous step was set aside for



detailed grain-size analysis. The grain-size distribution of this fraction was
determined on the Marine Sciences Research Center’s rapid sediment analyzer. A
description of this device may be found in Appendix A. This analysis produced
a curve of cumulative weight vs. particle diameter for the sand fraction.

c. Loss on Ignition

Percent loss on ignition was used as a measure of the total organic
material in the sediments. A 5-10 g sample of dried sediment was placed in a
clean, tared Coors crucible. The samples were weighed and combusted at or
slightly below 500° C for 4-6 hours. Samples were then allowed to cool and
were reweighed to determine weight loss. Organic content values were computed
as percentages of the total sample weight.

Byers, et al. (1978) found that the technique, using ignition at 500° C,
recovered 99.4% of added organic matter in test samples. In addition, loss of
CaC05, which becomes an important factor at temperatures approaching 550° C, is
not a problem when combusting at or slightly below 500° C (Hirota and Szyper,
1975). '

3. SedimenF Characterization — Statistical Analysis

!

For this project, Folk’s (1974) statistical parameters were chosen for the
analysis of the sediment data. Statistical parameters were computed using the
following formulas ( ¢ = logy of particle size in mm):

(a) Médian grain size, Md, is the size at which half of the particles by
weight are larger and half are smaller.

! Hd = 950

1

(b) Mean grain size, Mz, is the mean of the cumulative distribution curve
(Folk, 1974).

®16 * 950 * P54
Mz =
3

(c) Inclusive graphic standard deviation (sorting coefficient), oyy; is a
measure of the spread or uniformity of the grain size distribution (Folk,

1974).

$gs ~ P16 . ¢g5 = ¢5
4 6.6

71

(d) Inclusive graphic skewness, Sky, 1s a measure of the degree of
asymmetry of the grain-size distribution.

_ %16 * ¢34 ~ 250 . ¢5 + dg5 ~ 2dsq

SkI =
2(dgs = 416 2(495 = ¢5)

(e) Graphic kurtosis, Ky, measures the ratio between the sorting in the
tails of the distribution to that in the central part.



¢g95 ~ ¢5

K =
2.44(¢75 = ¢95)

An interpretation of the values of these statistical parameters is given in
Table 3.

4. Benthic Fauna - Laboratory Procedures

Upon returning to the laboratory, biological samples were transferred to
70% ethyl alcohol. Samples were analyzed using a two stage process. In the
first stage, animals were picked from the sediments, detritus, etc. under a
dissecting microscope and sorted to phylum level. In the second stage, animals
were sorted to species level whenever possible and enumerated. A number of
taxonomic keys were used in making the identification. These included Abbot
(1974), Bigelow and Schroeder (1953), Bousfield (1973), Emerson and Jacobson
(1976), Faychild (1977), Gosner (1971), McClane (1978), Morris (1973),
Pettibone (1963), and Smith (1964). All data were initially entered on log
sheets and'later transferred to a computer.

5. Benthic;Fauna - Data Analysis
¥ s @ :

A numper of derived parameters or indices (abundance, number of species,
Shannon-Wi?ner diversity, equitability, and rarefaction diversity) were
computed fFom the Smith-McIntyre grab data. These computations were carried
out on the:pooled results of the replicate grabs at each station.

Abundances are reported as the number of individuals per square meter.
Abundance éstimates were obtained by dividing tge results of the pooled
replicate grabs by the total sample area (0.3 m“). Number of species is given
as the tot?l number of distinct taxa found in the replicate grabs for that
station.

Three indices of diversity were used to analyze the faunal data. The
first index is the commonly used Shannon-Wiener information function:

H(s) = - P 1082 Pi

1

nitsw

1

where s is. the total number of species and p; is the proportion of individuals
in the population belonging to the ith species (i = 1,2,3,....,8).

The second index of diversity is the equitability or eveness function:

V' =1l | Ko
where Hama = logy s. This index has a maximum value of 1. The higher the
value of f{ the more evenly individuals in the population are distributed

amoung the s species.

The third index of diversity is Hurlbert”s (1971) modification of the
rarefaction technique. Given the species—abundance distribution observed in
the sample, the rarefaction method predicts the expected number of species in a



random subsample of size m taken without replacement. The combinatoric
function for rarefaction diversity is of the form:

Fom

[}

Els, Nl = = 1 -

where (N - Ni) = (N-Ni)!
; m (N—Ni-m)!m!

(N) = N!

m (N-m) Im!

and where N: is the abundance of species i, N is the total number of
individuals in the sample, and Sp is a random variable representing the number
of species' in a subsample of size m.



Table 1.

Station

Al
A2
A3
A4
A5
Ab
A7
A8
A9

Bl
B2
B3
B4
B5
B6
B7
B8
B9
B10O
Bl1
B12

cl
c2
c3
Cc4
C5
Cé
c7

D1
D2
D3
D4
D5
D6

El
E2
E3
E4
E5

Station Latitude and Longitude

Latitude

40
40
40
40
40
40
40
40
40

40
40
40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40
40

40
40
40
40
40
40

40
40
40
40
40

36~
36~
36”7
377
36°
36°
37°
37°
36°

38~
38"
37°
- 7 ool
397
38°
38°
<+ of
39°
39°
38~
37"

417
40°
40~
40°
417
41°
407

437
43°
427
447
43”7
43°

48°
48~
477
48~
47"

58"
42"
00"
13"
41"
18“
26"
13"
38"

39"
20][
55"
35 n
01"
36"
06"
54"
24"
05"
30"
42"

11"
58"
42"
06"
48"
51
58"

41"
17"
56”
06"
40"
17 "

31"
08“
26"
25"
35"

Longitude

73
73
73
73
73
73
73
73
13

73
73
73
73
73
73
73
73
73
73
73
73

72
72
72
72
72
72
72

72
72
12
72
72
42

72
72
72
72
72

147
14~
15"
13"
137
13~
s &g
1ar
11°

06~
06~
06~
06~
05~
05~
04~
04~
03~
03~
03~
03~

587
587
57°
57
56°
56~
56~

SE’
50~
50~
49°
49°
497

aF"
33"
337
32°
327

59"
Sy
08"
55"
42"
35"
53“
06"
55"

42"
37"
28"
16"
18"
10"
57"
45"
45"
36"
18"
11"

30“
12"
56"
48"
54"
42"
23 "

06"
59"
51"
38"
37"
18"

40"
30"
23 n
30"
26 n



Table 1 (cont”d).

Station

Fl
F2
F3
F4
F5
F6
F7
F8
F9
F10
Fll
Fl12
F13
Fl4
F15

Gl
G2
G3
G4
G5
G6

H1
H2
H3
H4
H5

Station Latitude and Longitude

Latitude

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

40
40
40
40
40
40

40
40
40
40
40

o1”
a1
507
51°
51°
51°
-
527
51°
23"
827
52°
53"
53°
52"

56~
557
557
56~
56~
557

58~
58°
58~
58~
57°

24"
03"
46"
56"
34"
04"
25"
06"
35"
03"
42"
11"
37"
20"
37

15"
39"
10"
48"
15"
36"

30"
06"
51 "
16"
42"

Longitude

72
2
72
72
72
72
72
72
72
il
72
72
72
72
72

72
72
712
72
72
72

72
72
72
72
12

247
23°
23"
22"
22°
22°
21
20°
20°
1y
197
197
18°
18”
17

' b
11°
107
10°
09”°
09°

04°
04~
03~
02°
02°

0"
48"
30"
38"
17"
03"
16"
53"
41"
51"
33]'
12"
36"
14"
55"

27 n
10"
57"
o1"
48"
iy

59"
48"
22"
42"
27"



Table 2. Sampling Schedule

CRUISE I (Spring)

CRUISE II (qummer)

;

I

i

!

|
CRUISE III (Fall)

I
!
i
i
|
|
|

27 July
28 July
30 July
31 July
3 August

4 August

5 October
6 October

8 October

9 October

23 October

Site

D & E

H &G

F

C & B (Stations 9-12)
B (Stations 1-8) & A

ammY

> o

& E
& G
& B (Stations 9-12 Tows)
(Stations 1-12 Grabs)
(Stations 1-4 Tows)
(Stations 7-9 Tows)
(Stations 1-9 Grabs)
(Stations 1-3 Tows)

& E

& G

(Stations 3,6,9-12 Grabs)

(Stations 13-15 Tows)

(stations 1,2,4,5,7,8,
10,11 Grabs)

(Stations 5-7 Grabs)

(Stations 1-4)

(Stations 1-12 Grabs)

& B (Stations 1-4,

9-12 Tows)



Table 3. Interpretation of sediment paramenters.

A) Sediment classification by particle size (Wentworth scale).

Grain Size

Class Phi Millimeters
Gravel <-1 >2.0
Very Coarse Sand 0 1:0 = 2.0
Coarse Sand 1 0.5 - 1.0
Medium Sand 2 0.25 - 0.5
Fine Sand 3 0.125 - 0.25
Very Fine Sand 4 0.0625 - 0.125
4 <0.0625

Silt-Clay >

|
B) Sediment classification by sorting coefficient (Folk, 1974).

_ Sorting Coefficient Degree of Sorting

<0.35 Very well sorted

0.35 - 0.50j Well sorted

0.50 - 0.7li Moderately well sorted
0.71 - 1.00! Moderately sorted

1.00 - 2.00 Poorly sorted

2.00 - 4.00! Very poorly sorted

C) Sediment classification by skewness (folk, 1974).

" Skewness Values Degree of Skewness
i
+1.00 to +0.30 Strongly fine-skewed
+0.30 to +0.10 Fine-skewed
+0.10 to -0.10 Near-symmetrical
-0.10 to -0.30 Coarse-skewed
-0.30 to -1.00 Strongly coarse-skewed

D) Sediment classification by kurtosis (Folk, 1974).

Kurtosis Values Degree of Kurtosis
<0.67 Very platykurtic
0.67 - 0.90 Platykurtic

0.90 - 1.11 Mesokurtic

1.11 - 1.50 Leptokurtic

1.50 - 3.00 Very leptokurtic

>3.00 Extremely leptokurtic
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Schematic of Sediment Analysis Procedures

Store portion for
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/N

Figure 5
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and split again

v
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and weigh

v

Ash at 500 C
and weigh again

N

Calculate organic
content

evaporate, and split sample

Y

Introduce sediment subsample into
100 ml volumetric flask, fill
with water, and record weight

Remove sediment and wet sieve
through 0.0625 mm screen

4

Return sand and coarse
fraction to volumetric
flask, fill with water,
and record weight

Y

Wet sieve through 2.0
and 0.0625 mm sieves

\V

Dry and weigh sand and
coarse fractions

A\

Run sand fraction on
rapid sediment analyzer

Y

Determine grain size

vV
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total
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distribution
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ITI. RESULTS
1. Sediment Characteristics

A total of 580 sediment samples collected during the three seasonal
cruises were analyzed for grain size distribution and organic content. Grain
size distributions for each sediment sample are presented in Appendix B.
Statistical parameters derived from the sediment analysis are given in Appendix
C. In this section, station and site average summaries of the sediment
analysis are reported in detail. In Appendix C and in the figures presented in
this section, an "*" indicates that a sediment parameter could not be computed
because of insufficient data. Data was not sufficient if any of the phi sizes
at the specific cumulative weights required for the computation of a sediment
parameter lay outside the range of -1 to 4 phi units (see equations in the
Methods Section).

a. Percent Gravel

Gravel content in the surface sediments ranged from 0 to 65.24Z in the
spring, from 0 to 64.78% during the summer, and from 0 to 54.06% in the fall
cruige. Gravel content was less than 1% at a majority of the stations sampled
(Figures ﬁ—ﬁ). A number of stations within sites B, C, and H, however,
consistently exceeded this 1% value (Figures 6-8). Gravel content was highest
at the middepth (40°-507) and offshore (607) stations within site C (Figures 6-
8). On a site average basis, there were no discernible west-east trends in
percent gravel (Figure 9).

Gravel content was generally highest middepth (407-50") and offshore (607)
at sites A-E (Figures 10-12). At sites F-H, however, the highest gravel
content was often found at the nearshore (307) and middepth (407-507) stationms
(Figures 10-12). The variation in gravel content between cruises was less than
1% with the exception of the 30” stations at site H, the 40™-50" stations at
sites B, C, E, and H, and the 60" stations at sites B, C, and H (Figures 13-
15):

b. Percent Sand

Sand content ranged from 33.09%7 to 99.98% in the spring, from 34.39% to
99.99% in the summer, and from 44.92% to 100.00% during the fall cruise
(Figures 16-18). Sand content in the surface sediments was >95% at a majority
of the stations sampled (Figures 16-18). Exceptions to the 95% value occurred
primarily within site C (Figures 16-18). When sites C and H are excluded, a
slight increase in percent sand from west to east is evident in the site
averaged data (Figure 19). Percent sand was often highest nearshore (307) at
sites A-C (Figures 20-22). At sites D-H, however, highest percent sand values
were consistently found at the middepth (407-50") and offshore (607) stationms
(Figures 20-22). The variation in percent sand between cruises was less than
5% with the exception of the 407-50" stations at site C and the 60" stations at
sites A, C, and H (Figures 23-25).

c. Percent Silt-Clay
Silt-clay content in the surface sediments ranged from 0.00% to 45.39% in

the spring, from 0.00% to 21.44% during the summer, and from 0.00% to 14.43% in
the fall cruise (Figures 26-28). With the exception of site C during the
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spring cruise, the silt-clay content generally decreased from west to east when
data were averaged by site (Figure 29). Percent silt-clay was generally
highest nearshore (30”) at sites B and D-G (Figures 30-32). At sites A, C, and
H, however, percent silt—clay was often highest at the middepth (407-50") and
offshore (60”) stations (Figures 30-32). There was little seasonal variation
(<3%) in percent silt-clay with the exception of the offshore (607) stations at
sites A, C, and H (Figures 33-35).

d. Organic Content

Organic content in the surface sediments ranged from 0.20% to 6.33% in the
spring, from 0.27% to 3.51% in the summer, and from 0.07% to 2.47% in the fall
(Figures 36-38). Organic content rarely exceeded 1% (Figures 36-38). With the
exception of site C during the spring, organic content decreased slightly from
west to east (Figure 39). No clearly defined trends with depth were found
during any of the three cruises (Figures 40-42). Organic content varied by
less than 1% between cruises with the exception of the offshore (60”) stations
within sites A and C (Figures 43-45).

e. Median Grain Size

Median| grain size in the surface sediments ranged from 0.097 mm (3.37 phi)
to 0.616 mm:(0.70 phi) in the spring, from 0.119 mm (3.07 phi) to 1.266 mm
(-.034 phi).in the summer, and from 0.109 mm (3.20 phi) to 0.895 mm (0.16 phi)
in the fall cruise (Figures 46-48). With the exception of sites C and D, there
was a general decrease in median phi size (increase in median grain size) from
west to east when data were averaged by site (Figure 49). Median phi size was

_ consistently lowest at the middepth (407-50") and offshore (607) stationms

(Figures 50-52). Highest median phi sizes were generally found nearshore (307)
at sites A-F and offshore (607) for sites G-H (Figures 50-52).

The west to east gradient in median phi size changed with depth. The 307
stations showed a well defined decrease in median phi size from west to east
(Figure 53). This decrease in phi size was evident but less clearly defined
for the 40°-50" stations (Figure 54). The 60" stations, however, showed no
discernible west to east trend in median grain size (Figure 55). The variation

in median phi size between cruises was lowest for the 407-50" stations (Figures
53=55).

f. Mean Grain Size

Mean grain size ranged from 0.119 mm (3.07 phi) to 0.607 mm (0.72 phi)
during the spring, from 0.115 mm (3.12 phi) to 0.467 mm (1.10 phi) in the
summer, and from 0.105 mm (3.25 phi) to 0.79 mm (0.34 phi) during the fall
cruise (Figures 56-58). When sites C and D are excluded, a decrease in mean
phi size from west to east is evident in the site averaged data (Figure 59).
Mean phi size was generally lowest at the middepth (40"~507) and offshore (607)
stations (Figures 60-62). Highest mean phi sizes were found nearshore (30")
for sites A-F (Figures 60-62). At sites G-H, however, mean phi size was often
highest at the offshore (607) stations (Figures 60-62).

As in the case for median phi size, the west to east gradient in mean phi
size was found for the 30" stations (Figure 63). This decrease was less
evident for the 40°-50" stations (Figure 64), and for the 60" stations no west
to east trend in mean phi size was apparent (Figure 65). The 407-50" stations



showed the lowest seasonal variation in mean phi size (Figures 63-65).

g. Sorting Coefficient

The sorting coefficients obtained from the surface sediment samples ranged
from 0.21 phi to 0.60 phi for the spring, from 0.22 phi to 0.72 phi during the
summer, and from 0.17 phi to 0.70 phi during the fall cruise (Figures 66-68).
No apparent west to east trend was found for the sorting coefficient when this
sediment parameter was averaged by site (Figure 69). Lowest values for the
sorting coefficient were generally found nmearshore (30”) for sites A-D, and at
either middepth (40°-50") or offshore (60”) for sites E-H (Figures 70-72). The
sorting coefficient was often highest at the middepth (40°-50") or offshore
(607) stations for sites A-E (Figures 70-72). For sites F-H, however, highest
values were generally found at the nearshore (307) stations (Figures 70-72).
The 40°-50" stations showed the least amount of seasonal change in the sorting
coefficient (Figures 73-75).

h. Skewness

Station averaged values for skewness ranged from -0.31 to 0.36 for the
spring, from -0.12 to 0.44 during the summer, and from -0.29 to 0.46 for the
fall cruise (Figures 76-78). When this statistical parameter was averaged by
site, no discernible west to east trend could be found (Figure 79). Skewness
was always: lowest nearshore (30”) or middepth (40°-50") at sites A, C, E, and H
(Figures 80-82). For the remaining sites (B, D, F, and G), lowest values were
generally found at middepth (40°-50") or offshore (607) (Figures 80-82).
Highest values for skewness were consistently found nearshore (307) for sites
B, D, and G, and generally at either middepth (40°=50") or offshore (607) for
the remaining sites (A, C, E, F, and H) (Figures 80-82). The 60” stations
showed the lowest seasonal variation in skewness (Figures 83-85).

i. Kurtosis

When averaged by station, kurtosis ranged from 0.77 to 1.85 during the
spring, from 0.99 to 2.31 for the summer, and from 0.87 to 2.21 in the fall
(Figures 86-88). Site averaged values for this sediment parameter suggest that
it was somewhat lower at the eastern sites (F-H) relative to the other
potential borrow areas (A-E) (Figure 89). With the exception of site G, lowest
values for kurtosis were found either at the middepth (40°-50") or offshore
(607) stations (Figures 90-92). Kurtosis was highest nearshore (307) or
middepth (407°-507) at sites A-F, and at either middepth (40°-50") or offshore
at sites G and H (Figures 90-92). The smallest seasonal variation in kurtosis
was found at the 407-50" stations (Figures 93-95).
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2. Benthic Fauna - Smith-McIntyre Grabs

A total of 96158 individuals representing 201 taxa were collected in
Smith-McIntyre grab samples during the three cruises. A composite
species list is given in Table 4. Of the 201 taxa, 77 (38%) were Polychaetes,
64 (32%) were Crustacea, 21 (10%) were Bivalves, and 14 (7%) were Gastropods.
The remaining species were distributed amoung 15 other groups: Porifera,
Anthozoa, Hydrozoa, Platyhelminthes, Nemertea, Nematoda, Sipunculida,
Ectoprocta, Oligochaeta, Pycnogonida, Asteroidea, Echinoidea, Holothuroidea,
Chaetognatha, and Chordata. Data from each Smith-McIntyre grab are tabulated
in Appendix D. Sample volumes are listed in Appendix E.

a. Species Composition

During the spring cruise, a total of 136 species were collected in
the Smith-McIntyre grab samples. The amphipod Protohaustorius wiglevyi
was the dominant species followed by the polychaete Spiophanes bombyx,
nematodes, the bivalve Tellina agilis, and the polychaete Asabellides
oculata. These four species plus nematodes comprised 55%Z of the fauna by
abundance. Spiophanes bombyx, nematodes, and Asabellides oculata were
common only at the western most sites (A, B, and C) while Protohaustorius
wigleyi and Tellina agilis were abundant at all potential borrow sites.

i

For the summer cruise, 135 species were found. The dominant fauna
consisted of Protohaustorius wigleyi, Tellina agilis, Spiophanes bombyx,
the bivalve Spisula solidissima, and the polychaete Magelona riojai.
These five species accounted for 56% of the total fauna by abundance.
These species were generally found in high numbers at all sites with the
exception of Magelona riojai which was not abundant at sites G and H.
Asabellides oculata, a dominant species during the previous spring was
found in low abundance during the summer. Nematodes were exceptionally
abundant during the summer cruise only at site C.

During the fall cruise 158 species were collected. The amphipod
Gammarus annulatus was the dominant species during this period. Other
numerically dominant taxa include Asabellides oculata, Tellina agilis,
nematodes, and Spiophanes bombyx. Only Tellina agilis was numerically
important at all sites. Gammarus annulatus and Asabellides oculata were
restricted to sites A, B, and C, nematodes to sites B and C, and
Spiophanes bombyx to sites A through D.

b. Abundances

For the spring cruise, abundances ranged from 317 individuals per square
meter at stations Fll and Hl to 6297 individuals per square meter at station A2
(Figure 96). Abundances during the summer ranged from 157 individuals per
square meter at statiom B5 to 2723 individuals per square meter at station El
(Figure 97). During the third cruise in the fall, densities were found to
range from 163 individuals per square meter at station D4 to 37813 individuals
per square meter at station B2 (Figure 98). Site averages for each cruise
suggest a general pattern of decreasing abundance from west to east along the
south shore of Long Island (Figure 99). Sites C through H show low seasonal
variations in abundance. High seasonal variations were found at sites A and B
and are mainly due to fluctuations in abundance of Spiophanes bombyx, Gammarus
annulatus, Asabellides oculata, and nematodes.




Abundances were generally highest nearshore (30”7) and middepth (40°-507)
at sites A, B, C, and E (Figures 100-102). At sites D, F, G, and H, however,
highest densities were consistantly found at the 607 statioms (Figures 100-
102). West-east and seasonal patterns in abundance at each depth were similar
to those found in the overall site averages with the exception of the 607
stations during cruise I (Figures 100-105).

¢. Number of Species

The number of species at each station ranged from 13 to 41 during the
spring cruise, from 10 to 41 in the summer, and from 13 to 47 in the fall
(Figures 106-108). A pattern of decreasing number of species from west to east
was found in the spring and fall with the exception of site C in the spring
(Figure 109). During the summer, however, the greatest number of species was
found at site E (Figure 109). Sites A, B, and C in the summer had lower

109

numbers of species than during the spring or the fall (Figure 109). #

With very few exceptions, the number of species increased with depth
during each of the three cruises (Figures 110-112). In analyzing seasonal
variations at a given depth, the greatest number of species were generally
found in the spring or fall at the 30" and 40"-50" statiomns (Figures 113 and
114). At the 60" stations, however, the opposite is true, that is, highest
species numbers were more often found during the summer cruise (Figure 115).

d. Shannon-Wiener Diversity (H")

Shannon-Wiener diversity values for each station are presented in Figures
116=118. Diversities ranged from 1.388 to 3.940 in the spring, from 1.834 to
4.194 in the summer, and from 1.050 to 4.321 in the fall. A trend of
increasing diversity from west to east is clearly evident when the index 1is
averaged by site (Figure 119). Diversity was somewhat depressed at site C
during the spring. This site also had exceptionally low numbers of species at
this time. Diversity values generally increased with depth (Figures 120-122).
This trend was most clearly defined during the summer cruise (Figure 121). The
40°-50" stations showed the least amount of seasonal change in diversity
(Figures 123-125).

e. Equitability (V)

Equitability values for each station are given in Figures 126-128. The
equitability index ranged from 0.283 to 0.832 in the spring, from 0.458 to
0.867 in the summer, and from 0.232 to 0.922 in the fall. Equitability
generally increased from west to east (Figure 129). No clearly defined trends
with depth were found during any of the three cruises (Figures 130-132). The
40°-50" stations showed the least amount of seasonal change in equitability
(Figures 133-135).

f. Rarefaction Diversity

Rarefaction diversity is presented in Figures 136-145 as the expected
number of species for a sample size of 100 individuals. Station values of the
expected number of species for 100 individuals are given in Figures 136-138. A
number of sampling stations did not yield a total of 100 individuals in the
three replicate Smith-McIntyre grabs. For these stations, the number of
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species found is plotted in Figures 136-138 along with the symbol '">". It is
assumed that had 100 individuals been collected at these stations, the number
of species would have been greater than or equal to the number actually
collected.

During the spring cruise, the expected number of species for 100
individuals as determined by the rarefaction method ranged from 9.1 at station
F1 to >24.0 at station Fll. The expected number of species for 100 individuals
in the summer ranged from 8.2 at station El to 25.9 at station D6. During the
fall cruise, the expected number of species for 100 individuals was found to
range from 4.8 at station B2 to 27.1 at station G6.

Site averages of the expected number of species for a sample size of 100
individuals are presented in Figures 139-145. Only those stations which
yielded a total of 100 individuals or more in the three replicate Smith-
McIntyre grab samples were included in the computation. Site averages for each
cruise suggest a general increase from west to east in the expected number of
species (Figure 139). Sites D-F showed very low seasonal variations in
rarefaction diversity (Figure 139). The expected number of species for 100
individuals was generally highest at the middepth (40°-50") and offshore (607)
stations (Figures 140-142). With the exception of some of the westernmost
sites, the expected number of species at the 30" stations was distinctly lower
than that found at either the 40°-50" or 60” stations (Figures 140-142). The
40"-50" stations showed the least amount of seasonal change in rarefaction
diversity (Figures 143-145).

g. Commercially and/or Recreationally Important Species

Of the 201 taxa collected in the Smith-McIntyre grab samples, only 7
species, the ocean quahog Arctica islandica, the surf clam Spisula solidissima,
the blue mussel Mytilus edulis, the rock crab Cancer irroratus, the four-
spotted flounder Paralicthys oblongus, the cunner Tautogolabrus adspersus, and
the little skate Raja erinacea, are of commercial and/or recreational value.
Four of these species, the ocean quahog, the four-spotted flounder, the cunner,
and the little skate were rarely found in the Smith-McIntyre grabs. Mytilus
edulis was common only in the spring as very small juveniles attached to
floating pieces of detritus. Cancer irroratus was moderately abundant only
during the summer cruise when it occurred at 24 of the 65 (37%) sampling
stations (Figures 146-148).

0f the 7 commercially and/or recreationally important species collected in
the Smith-McIntyre grab samples, only the surf clam was numerically abundant
during all three cruises. Individuals of Spisula solidissima were generally
quite small (<7 mm in anterior-posterior length). The size of individuals
found is possibly more a function of the sampling device used than the actual
size distribution of the population. The depth of penetration of the Smith-
McIntyre grab is probably not great enough to collect the larger surf clams,
Despite this sampling bias, surf clams were common at all eight potential
borrow sites and were a numerically dominant species during the summer cruise.

Abundances of Spisula solidissima ranged from O to 337 individuals per
square meter in the spring, from 0 to 500 individuals per square meter in the
summer, and from 0 to 307 individuals per square meter during the fall cruise
(Figures 149-151). Site averages suggest a general pattern of decreasing
abundance from west to east (Figure 152). Highest abundances were generally
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found at the nearshore (307) stations (Figures 153-155). The 30" stations also

showed the greatest amount of seasonal variations in abundance (Figures 156-
158).

h. Animal-Sediment Associations

Correspondence between descriptive biological parameters (i.e., station
abundances, number of species, diversity, and equitability) and sediment
characteristics (i.e., station averaged percent gravel, percent sand, percent
silt-clay, percent organic content, median grain size, mean grain size,
sorting, skewness, and kurtosis) were analyzed graphically. In general, plots
of a single biological parameter vs a single sediment characteristic were
highly variable, and it was difficult to identify clear trends. Of the plots
generated, those relating a biological parameter to either median or mean grain
size displayed the strongest associations. Relationships between a biological
parameter and other sediment characteristics (percent gravel, percent sand,
percent silt-clay, percent organic content, sorting, skewness, and kurtosis)
could not be clearly determined. While such relationships probably exist,
multivariate statistical techniques would be required to identify them. Such
an analysis is beyond .the scope of this report.

Plots of a biological parameter vs either median or mean grain size are
given in Figures 159-182. 1In these figures, a letter code designates stations
from each potential borrow site (A-H). Linear regressions with the sediment
characteristic as the independent variable and the biological parameter as the
dependent variable were performed on these data. The resulting lines are
plotted in Figures 159-182. These regressions were carried out to illustrate
general associations and not with the intent of making quantitative
predictions. Of the 24 regressions in Figures 159-182, 15 or 63% were
significant at the 0.05 level. The fact that 9 or 37% were nonsignificant is
indicative of the variability in the data.

Despite such variations, the qualitative patterns found between biological
parameters and either median or mean grain size are fairly consistent. As
shown in Figures 159-161 and 171-173, abundance tends to increase with
increasing phi size (i.e., decreasing grain size). Conversely, the number of
species, diversity, and equitability all tend to decrease with increasing phi
size (Figures 162-170 and 174-182). Figure 174 is the only exception to this
trend. Thus as median or mean grain size in mm decreases, greater numbers of
animals per m“ were found, with individuals more unevenly distributed amoung
fewer species.
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Table 4. Species List - Smith-McIntyre Grabs

PORIFERA
Unidentified sponge spp.

CNIDARIA

Anthozoa
Anemone sp.
Anemone sp.
Anemone sp.
Anemone sp.
Anemone sp.

= Gy oot e

Hydrozoa
Unidentified hydroid spp.

PLATYHELMINTHES
Flatworm sp. A (horned)
Flatworm sp. B (smooth)

NEMERTEA
Unidentified nemertean spp.

NEMATODA
Unidentified nematode spp.

SIPUNCULA
Sipunculid sp. A
Sipunculid sp. B

ECTOPROCTA
Unidentified bryozoan spp.

ANNELIDA
Oligochaeta
Tubificidae
Unidentified spp.

Polychaeta

Unknown sp. Z
Ampharetidae

Ampharete acutifrons

Ampharete arctica

Asabellides oculata
Arabellidae

Drilonereis longa
Capitellidae

Capitella capitata

Heteromastus filiformes
Chaetopteridae

Spiochaetopterus oculatus
Cirratulidae

Chaetozone setosa

Cirratulas grandis

Tharyx acutus

Dorvilleidae
Protodorvillea kefersteini
Stauronereis caecus

Flabelligeridae
Flabelligera affinis
Pherusa affinis

Glyceridae
Glycera americana
Glycera dibranchiata
Hemipodus roseus

Goniadidae
Goniadella gracilis

Lumbrinereidae
Lumbrinerides acuta
Lumbrineris fragilis
Lumbrineris tenuis

Magelonidae
Magelona riojai

Maldanidae
Clymanella torquata
Clymenura dispar

Nephtyidae
Nephtys bucera
Nephtys caeca
Nephtys incisa
Nephtys picta
Nephtys spp. imm.

Nereidae
Nereis grayi
Nerels succina
Nereis spp.

Onuphidae
Diapatra cuprea
Hyalinoecia tubicola
Onuphis eremita
Onuphis opalina

Opheliidae
Travisia carnea
Ophelia denticulata

Orbiniidae
Hoploscoloplos acutus
Hoploscoloplos armiger
Hoploscoloplos fragilis
Hoploscoloplos robustus
Orbinia ornata
Orbinia swani

Oweniidae
Owenia fusiformis

Paraonidae
Aricidea catherinae
Aricidea wassi
Paradoneis lyra



Table 4 (continued)

Pectinariidae
Pectinaria gouldi
Phyllodocidae
Eteone flava
Eteone heteropoda
Eteone lactea
Paranaites speciosa
Phyllodoce arenae
Phyllodoce mucosa
Pisionidae
Pisione remota
Polynoidae
Harmothoe extenuata
Sabellariidae
Sabellaria vulgaris
Sigalionidae
Pholoe minuta
Sigalion arenicola
2. Sthenelais limicola
Spionidae
Dispio uncinata
v+ Malacoceros indicatus
Polydora socialis
Scolecolepides viridis
Scoleoepis squamata
Spio filicornis
Spiophanes bombyx
Syllidae
Autolytus spp.
Exogone dispar
Parapionosyllis longicirrata
Sphaerosyllis hystrix
Streptosyllis varians
Syllis cornuta
Unidentified spp.
Terebellidae
Nicolea spp.
Terebella spp.

MOLLUSCA

Gastropoda

Gastropod larvae
Acteocinidae

Acteocina canaliculata
Columbellidae

Mitrella lunata
Crepidulidae

Crepidula fornicata

Crepidula plana
Haminoeidae

Haminoea solitaria
Nassariidae

Nassarius trivittatus

Naticidae
Lunatia heros
Lunatia triseriata
Natica pusilla
Nudibranchia

Unidentified nudibranch spp.

Pyramidellidae
Pyramidella spp.
Turbonilla bushina
Turbonilla spp.

Retusidae
Retusa spp.

Bivalvia

Unidentified juvenile spp.
Arcticidae

Arctica islandica
Astartidae

Astarte castanea
Carditidae

Microcardium peramabile

Cerastoderma pinnulatum
Leptonidae

Mysella planula
Lyonsiidae

Lyonsia hyalina
Mactridae

Spisula solidissima
Mytilidae

Mytilus edulis
Nuculanidae

Nuculana messanensis

Yoldia limatula

Yoldia thraciaeformis
Nuculidae

Nucula delphinodonta

Nucula proxima

Nucula tenuis
Pandoridae

Pandora gouldiana
Petricolidae

Petricola pholadiformis
Pholadidae

Cyrtopleura costata
Solenidae

Ensis directus

Siliqua costata

Solen viridis
Tellinidae

Tellina agilis
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Table 4 (continued)

ARTHROPODA
Pycnogonida

Phoxichilidium spp.

Crustacea

Amphipoda
Ampeliscidae
Ampelisca abdita
Ampelisca verrilli
Byblis serata
Aoridae
Pseudunciola obliquua
Unciola irrorata
Unciola serrata
Caprellidae
Aeginina longicornis
Caprella linearis
Unidentified spp.
Corophiidae
Cerapus tubularis
Corophium crassicorne
Gammaridae
Gammarus annulatus
Gammarus lawrencianus
Haustoriidae
Acanthohaustorius bousfieldi
Acanthohaustorius intermedius
Acanthohaustorius millsi
Acanthohaustorius shoemakeri
Acanthohaustorius similis
Acanthohaustorius spinosus
Amphiporeia gigantea
Bathyporeia parkeri
Bathyporeia quoddyensis
Parahaustorius attenuatus
Parahaustorius holmesi
Parahaustorius longimerus
Protohaustorius wigleyi
Pseudohaustorius borealis
Pseudohaustorius carolinensis
Liljeborgiidae
Listriella barnardi
Lysianassidae
Hippomedon serratus
Orchomonella minuta
Orchomonella pinguis
Psammonyx nobilis
Oedicerotidae
Monoculodes edwardsi
Photidae
Microprotopus raneyl
Photis macrocoxa

Phoxocephalidae
Phoxocephalus holbolli
Rhepoxynuis epistomus

Copepoda
Unidentified copepod spp.

Cirripeidea
Unidentified barnacle spp.

Cumacea
Diastylis polita
Leptocuma minor
Oxyurostylis smithi

Decapoda
Cancer borealis
Cancer irroratus
Crangon septemspinosus
Ovalipes ocellatus
Pagurus acadianus
Pagurus longicarpus
Unidentified crab larvae spp.

Isopoda

Cirolana concharum
Cirolana polita
Chiridotea caeca
Chiridotea tuftsi
Cyathura polita
Edotea montosa
Idotea balthica
Ptilanthura tenuis

Mysidacea
Meterythrops robusta
Mysidiopsis bigelowi
Neomysis americana

Ostracoda
Unidentified ostracod spp.

Stomatopoda
Squilla sp. imm.

Tanaidacea
Leptognatha caeca
Tanaissus lilgeborgi

ECHINODERMATA
Asteroidea

Asterias forbesii



Table 4 (continued)

Echinoidea
Echinarachnius parma

Holothuroidea

Unidentified holothurian spp.

CHAETOGNATHA
Sagitta spp.

CHORDATA
Ascidiacea
Unidentified tunicate spp.

Vertebrata
Ammodytes americanus
Paralicthys oblongus
Raja erinacea
Tautogolabrus adspersus
|

LES
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