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HYDROLOGY, SEDIMENTS, BENTHIC MACROFAUNA AND DEMERSAL FINFISH
OF AL ALTERNATE DISPOSAL SITE (EAST HOLE IN BLOCK ISLAND SOUND)
FOR THE THAMES RIVER ( CONN.) DREDGING PROJECT
FINAL REPORT

Frank W. Steimle, Charles J. Byrne,
Robert N. Reid and Thomas R. Azarovitz

I. INTRODUCTION

This is.the final report of the results of our baseline survey of Block
Island Sound's "East Hole" depression, centered 4.5 miles south of Watch
HASSPERS, Rhode_Island (41°14'N, 7l°51'ﬁ). This site is being considered
as an alternate dredge spoil disposal site for the Thames River dredging
project. Very few biological data exist for this area. Smith (1950) conducted

a survey in 1949 in which he examined the benthic macrofauna and feeding

‘habits of finfish in the northeast quarter of Block Island Sound. This study

included one station in the East Hole area, but unfortunately the macrofauna

was not completely identified, so his results have limited usefulness as a
comparison with our macrofaunal results. Thus the U. S. Navy requested that

the Middle Atlantic Coastal Fisheries Center (MACFC), of the National Marine

‘Fisheries Service (NMFS) conduct a baseline survey of this site. The study

was carried out under the Ferms of a proposal submitted to the U. S. Navy

in February 1975 (NMFS, 1975a). Progress reports of the preliminary results
for each of the two cruises called for in the proposal were submitted to the
Navy in April 1975 (NMFS, 1975b) and September 1975 (NMFS, 1975c). This
final report presents, analyzes and integrates all hydfological, sediment,

benthic macrofauna, demersal finfish, and food web data collected during the

two cruises as well as limited macrofauna data from a third macrofauna cruise,
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not specified in the proposal, undertaken in December 1975. The extra cruise
was undertaken to provide additional data, on seasonal changes, needed for

further insight into the macrofauna community.

II. METHODS

A. Station Location

Six stations were established for sampling of bottom waters, sediments
and benthic macrofauna in the East Hole area (Fig. 1l). Their locations

were based on what was known of the currents and tidal drift (Riley, 1952;

Williams, 1969; Hollman and Sandburg, 1972; Cook and Mc.tor., 1974; and Hollman,

1975) as well as the o%ientation of the depression. It is a general consensus
among the above researchers that there is a two layer hydrological system in
Block Island Sound. The upper layer flows out of Long Island Sound southeast
past Montauk Pt.; the bottom layer moves in the opposite direction, with a
general westward movement in the East Hole. Consi&ering this westward bottom
drift and the east-west axis of the East Hole, we established four macrofauna
stations west of center of the proposed alternate dump site and one east.
Stations 2, 3, 4, and S were positioned one nautical mile from center

Station 1, with Stations 3 and S being at an angle of 30° from the east-west

axis. Station 6 was positioned two nautical miles west of center (Fig. 1).

"Finfish stations (Fig. 2) were chosen near the six macrofauna stations con-

sidering the suitability of the bottom for trawling. Coordinates for all
stations are listed in Table 1. The dates of the 1975 sampling cruises
were: Cruise 1 - March 24-26 and April 22 (macrofauna Stations 4, 5, 6 only).,

Cruise 2 = July 7-8 (Finfish = July 29) and Cruise 3 - December 11, 1975.
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! : Table 1. Station location coordinates for alternate disposal site stations.
; See Figs. 1 and 2 for configuration and relation to topographical
T and bathymetric features. -
i
BENTHIC
STATIONS LATITUDE, °N LONGITUDE, °W
1 41°13'47" 71°51'13"
&y 2 41°13°44" 7825 2.3
J 3 41°14'21" Ja110I5 20PN T
4 -41°13'56" 71°49'50"
{ 5 LR LR 21252 210
6 41°13'36" 71°53'47"
FINFISH
STATIONS Cruise 1
1 41°14.0' 71°50.2"'.
2 41°13.8' 71250831
3 41°14.5" 71°53.0°
. 4 41°13.5° 71°53.0°
i 5 41°12.4° 71°53.1°
L}
Cruise 2
p—
a2 A 41°13.2' vp oy B,
= B * 41°13.6° 71°52.7"
L c 41°14.5" 71°53.4"
f’l D 41°14.0' 7R 582N
E 41°12.7" VARE Qs 2
| F . 41°13.7° 71°49.8"
G 41°15.0° 71 °'50..,2"



Stations were located during each cruise by the combined use of Loran A and

C, radar and depth recorder.

B. Water Column

Niskin bottles were used to collect near-bottom water samples at every 1
station on each of the cruises for dissolved oxygen (macrofauna stations
snly) and salinity. Water samples were also collected by bucket for surface
salinity at finfish stations. Salinities were measured in the laboratory
with a Beckman RS-7C* induction salinometer. Dissolved oxygen concentrations
were determined on board survey vessel using the azide modification of ;he
.Winkler titration method (Amer. Publ. Health Assoc., 1965) and substituting -
0.25N phenylarsene oxide (Hach Chemical Co., Amés, Jowa*) for the less stable
sodium thiosulfate. Sediment temperatures were measured by insertion of a
mercury thermometer directly into the sediment contained in a grab sample,
immediately upon being brought on board. Temperature profiles of the water
column were also collected using expendable Bathythermographs (XBT) {(Sippican
Corp.*), on the finfish cruises; bucket thermometers were used to obtain surface
temperatures. Physical Oceanography was studied under a subcontract to
Dr. Rudolph Hollman, New York Ocean Science Laboratory (NYOSL), Montauk, :

New York, and his methods are prgsented in Appendix A.

C. Sediments
Plastic coring tubes, 35 mm in diameter, were used to obtain a sediment

subsample approximately 8 cm deep from each grab sample. Two cores per

* Mention of commercial products by name does not imply endorsement by the
National Marine Fisheries Service or the U. S. Government.



station were analyzed for grain size distribution, organic material and
calcium carbonate under a subcontract to Dr. James Parks, Lehigh University,
Befhlehem, Pennsylvania. Mean and median grain size diameters, sorting
index, graphic skewness and kurtosis were determined from the percentages,

by weight, of sediments retained on each of ten standard sieve sizes.

Organic material content was determined by oxidizing the sample with hydrogen
peroxide (H205) and measuring sample weight change; this method does not

determine the nature of the organic material. Calcium carbonate content

wd

was determined by treating the sample with dilute hydrochloric acid (H Cl)
and also measuring weight change.

Two other sediment cores were collected per station, on the first cruise,
for analysis of heavy metal concentration. This work was doge by personnel

of Environmental Chemistry Investigation, MACFC, NMFS, Milford, Connecticut

using atomic absorption spectroscopy. Sediments were analyzed for the

25 following trace metals: silver (Ag), cadmium (Cd), chromium (Cr), copper (Cu),
nickel (Ni), lead (Pb), and zinc (2n). In July, sediments were also collected
by NYOSL for separate analysis of these metals, as well as iron (Fe) and

mercury (Hg) using the same method.

f'J -
%E . D. Benthic Macrofauna
i
h At each station, for each of the first two cruises, ten replicate 0.1 m2
i Smith-McIntyre grabs were collected; five replicates were collected during
; the third cruise. 1In the field, each grab sample was washéd through a
,j 1 mm mesh screen and the material retained was placed in a jar and preserved

with a 10% solution of formalin in seawater. In the laboratory the samples

were rewashed and transferred to a 70% ethanol solution with glycerine added




to retard evaporation. For Cruises 1 and 2, five of the ten replicaﬁe samples
per station were randomly selected and ‘sorted; the organisms found were
separated, speciated and enumerated. The identifications were verified by

by an experiencéd taxonomist. The macrofauna data were analyzed to estimate
means and variance for four population parameters: 1) total number of .
individuals (N), 2) total number of species (S), 3) species diversity

H' = -Z.r;_l 1n BNi (Shannon and Weaver, 1963), where N is the total number ’

of individuals in the sample and n; is the number in the ith species, and

4) equitability J' = H'/H max = H'/ln S (Pielcu, 1966). Equitability is a

measure of the evenness of distribution of individuals among species. s
E. Finfish AN : PE . e
At each finfish statioh, a 3/4-#36 Yankee otter trawl, with a 54 f¢t. ;

[ = Toss

sweep, was towed at a speed of 3.5 knots for 15 minutes. The trawl was

]
fished at a 3:1 scope of wire to depth and was rigged with 500 pound

gy

rectangular doors with 9 fathom ground cables. The trawl was lined with
1/2 inch (stretched) mesh netting in such a manner that smaller fish could
be captured. 2All species caught were identified, sorted by species, weighed

and measured according to established groundfish survey procedures (Grosslein,

4

1969). : - ' [

F. Food Webs ; [
During the second finfish cruise (July 29, 1975) stomachs of 73 specimens &4

of six species of demersal fish were removed to examine the importance of

-

benthic macrofauna in their diet. We removed each stomach as soon as possible

after the trawls were emptied and placed each stomach in an individual gauze



bag or jar and preserved it with approximately 10% formalin. In the laboratory
& we opened the stomachs and identified, enumerated and determined volumes of

the contents; the contents of the intestine were not included.
III. RESULTS AND DISCUSSION

A. Water Column

}l:j The chemical and physical data collected during the macrofauna sampling
for all cruises are presented in Table 2A; the data from the finfish cruises
are presented in Table 2B. Based on these data and the results of other

'? f studies (Williams,_l969: Nalwalk et al., 1972; Hollman, 1975) it appears
fhat the bottom waters in the East Hole have an average salinity of about
31.5 o/oo, with a range of less than 1 o/oo. Bottom temperatures appear

to fange.from about 3 to 16°C for the year with the coldest temperatures

being found in early March and warmest in September. Our temperature
el % measurements appear to agree with this pattern (Table 2). The discrepancy

between the bottom temperatures in Table 2A and 2B is due to differences

f!‘_&‘\

! [ in sampling dates for macrofauna and finfish cruises. We found the bottom
;q1 dissolved oxygen values to be relatively high throughout the year, with

2 i

L means of 7.9 mg/l (92% satdration) in July and 9.7 mg/l (98% saturation)
{é“ in April. NYOSL's results are presented in Appendix A, and are in general
L

P

i ~agreement with our results.

=

-L.l' .

j B. Sediments

l. Grain size distributions -
The results of grain size analyses of the sediments of the East
Hole are presented in Table 3. Our findings were combined with those

e o of Savard (1966) and the U. S. Army Corps of Engineers (Northeast



Table 2. Temperature, salinity and dissolved oxygen of water column
for all cruises.
A. MACROFAUNA STATIONS
Bottom Bottom
Salinity Temp. Dissolved Oxygen
Cruise Station (°/00) () mg/L. % Saturation
I 4 31.87 7.0 9.7 98.48
1 5 31.77 6.5 9.6 96.00
I 6 31.57 6.5 10.0 99.30
I il 31.89 13156 8.0 91.85
II 2 31.93 13.6 7.85 90.13
II 3 31.84 14.0 7.9 92.94
II 4 311 .93 13.65 7.9 91.12
3G 5 3HENS6 13.7 8.0 92.59
II 6 31.78 14.0 7.9 92.94
B. FINFISH STATIONS
Surface Bottom Surface Bottom
Salinity Salinity Temp. Temperature
Cruise Station (°/00) (°/00) (°C) (°C)
T 1 - = 4.7 4.3
I 2 - - 4.5 4.3
I 3 - - 4.6 4.4
I 4 - - 4.7 4.4
I 5 = = 4.6 4.5
RLE A 30.89 32.12 18.7 15.4
II B 317935 31.24 18.9 -
II © =34 .23 32.30 19LS 15.4
II D 31.20 32.41 18.7 15.4
II E 31.20 32.22 18.9 15.4
T F 31.06 32.29 19.4 14.9
I T G 29.95 32.40 20L1 14.6

10
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rable 3. Sediments of East Hole Stations 1 through 6, two cores each from spring and summer sampling.

Sample Dia. in mm Sort. Graphic Percent weight retained on mesh sizes (mm)
Cruise Sta. Mean Index Skew. Kurt. 4.0 2.0 1’80 QNS 225 525 .063 .016
Ear. - 1 .056 2.00 .636 0.98 0.0 0.0 0.0 0.1 1.8 JOR9 18.3 20.5
“ar. - 1 .096 2.04 .566 1.09 0.0 0.0 0.2 w2 26.0 32,0 11.5 15.0
Jul. - 1 . 097 2.48 .554 0.94 0.0 1.3 1 52 4.4 33.4 21.5 S% 5 14.7
Jul. - 1 5 101 20921 .493 1.06 0.0 0.2 1bgnl 3.1 26.9 27.7 10.2 16.5
| Yar., - 2 .052 2.09 .626 0.90 0.0 0.0 0910 0.1 1.4 41.7 11.9 239
Mar., - 2 .060 1.93 .666 1.04 0.0 0.0 0.0 0.2 1.7 41.5 19.4 19.3
| Jul. - 2 .070 1.77 .641 1.10 0.0 0.3 0.8 oyl 281 42.9 18.3 17.8
I]ul. - 2 .053 2.07 551 0.99 (0)4(6) 0.0 0.9 2retit 2.5 32.4 18.9 23.0
Jlap. = 3 .221 1.82 .446 1.73 0.0 1.0 4.3 12.8 39.0 21.5 5.8 (@]
“ar. - 3 .185 2.71 .367 1.62 2.3 7.1 4.6 11.6 31.6 ¥5.S =2 4.2 10.9
Jul. - 3 .141 25112 .377 0.90 0.0 3.8 7.2 14.7 22.7 13.6 3.4 19.5
Jul. - 3 .138 2.2 BN LE) 0.87 0.0 4.3 7.5 14.6 20.1 14.0 3.9 20.2
Apr. = 4 .078 2.19 .585 il . 10 0.0 0.1 0.5 3.4 12.5 40.9 10.3 15, 1
apr. = 4 .095 2.2 .440 1.43 0.0 0.4 2.0 5.9 13.5 44.1 132 e S
Jul. - 4 .068 20015 .664 0.97 0.0 0.0 0.3 0.9 6.6 46.0 (S5 19.2
Jul. - 4 .078 1.94 .648 1.05 0.0 0.0 (0)50k 0.6 et 48.7 10.8 16.9
Apr. = 5 .086 1.74 .574 1R 0.0 0.0 0.0 0.7 ©)ile) 44.7 1548 W77
ﬁpr. S5 .074 1.90 .646 1.14 0.0 0.1 0.1 0.4 5.6 44.3 17 30 16.8
Jul. - 5 .064 1.89 .595 1.20 0.0 O 1 0.7 153 4.9 30.9 28.1 17.6
Jul. - 5 .073 1.83 .610 1.26 0.0 0.0 1.0 2.1 3.4 41.5 203/ 16.7
Apr. = 6 . 035 2.18 .304 0.83 0.0 0.0 0.0 0.1 0.6 285 W37/ 30.4
Apr. - 6 .148 238 .400 1.62 1.4 0.4 4.6 11.4 25.8 27.8 6.0 11.1
Jul. - 6 .408 3.76 .398 0.71 25.3 14.9 7.4 i 5l 9.5 6.1 1.9 11.6
Jul o =16 .248 3.30 - 248 0.72 0.0 26.2 9.4 7.4 15.0 9.6 3.8 13.6

1T
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Division, Waltham, Massachusetts,-unpuglished data) to develop a detailed
classification of the sediments of the East Hole area.
Savard sampled the sediments at 84 stations in Block Island Sound;
four of these stations (S-23, 26, 27 and 36 in Figure 3) were in the
East Hole area. Savard's thesis included a historical review of Block
Island Sound sediments. He felt that these sediments consist mainly
of reworked subaqueous glacial deposits and postglacial material derived
from adjacent land areas and considered the present sediment distribution -
to be due primarily to strong tidal currents. He concluded that
Long Island Sound, the Great Salt Pond near Charleston, Rhode Island,
and other smaller ponds and bays surrounding Block Island Sound trap
most'sediment and there is little surface drainage from adjacent land
areas. Also, most fine sediments entering Block Island Sound must be i
swept out to the continental shelf by strong tidal currents. He con- f
sidered the East Hole to be a submerged valley leading west to the |
deeper—West Hole (which he thought was probably a glacial kettle) and
southeast to the Block Island Channel.
The Corps of Engineers samﬁled 21 stations (PE 17-37) in the East
: Hole (Figure 3) and reported that "the bottom throughout appeared
smooth and continuous without significant changes in slope, except for
some small terraces on the southern margin of the depression.” They
agreed with Savard that the area had not received any significant

amounts of sediment since the flooding at the end of the last glacial

period. ) .
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In order to obtain a clearer, more comprehensive picture of the
sediment distribution in the East Hole, we converted all sediment data
from the four stations sampled by Savard, the 21 Corps of Engineers
stations and our six stations (Figure 3) into a Wentworth sediment
élassification system (Shepard, 1963). The combined data are presented
in Table 4; Figure 4 shows the resulting grain size distribution in
the East Hole based on this analysis of combined data.

The center of the proposed dump area, Station PE-25, contains poorly
sorted silty/very fine to fine sand. This sediment type appears to
form a dominant zone thét extends from the ENE through Stations S-23
and PE-28 and to the wsw'through PE-19. This zone generally occurs in
depths greater th;n 40 meters (120 ft) and includes Stations ANL-1,
ANL-4, ANL-5, S-23, s-27, sS-36, PE-19, PE-20, PE-22, PE-25, PE-28, PE-30,
PE-31, PE-32 and PE-34 (Figure 4). This sediment zone may be further
characterized as containing less than 15%, by wt,medium sand and coarser

material, 50-60% fine sand, 10-25% silt and 10% clay or finer material

(Table 4).

The sediments of the shallower north and south slopes of the East Hole,

4

Stations PE-21, PE-33, PE-29 and PE-35, contain a patchydistribution of

medium sand with appreciably more coarser material, typically 25-35%

‘coarse sand and gravel, 20-35% medium sand, 10-15% silt and 10% clay

or finer material (Table 4). Stations ANL-1, PE-26 and PE-35, immediately

W and NW of center, appear to be transitional between the central silty

fine sand zone and the coarser slope zones.

14
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TABLE 4. Characterization of "East Hole" sediments; grain size
analysis according to Wentworth (Shepard, 1963), % by wt.

Water Sample % V. Coarse | Coarse | Medium | Fine | V. Fine Clay and

Station [pepth (m)|Depth (cm) Sediment Type Gravel Sand Sand Sand Sand Sand Silts Finer

; >4.00mm | >2.0 1.0 >»0.5 D361 65 11245 >.004 | <.004 mm

-PE~17 37 30 silty med-fine sand 8 7 10 20 30 10 15 5

PE-18 46 54  |[clay 0 0 -y (o 0 0 0 14 86
PE-19 33 030 silty very fine sand 2 2 1 5 40 32 12 12
PE-20 39 35 silty fine sand 2 2 S 9 31 25 135 12
PB-21. 34 ) ~ med-fine sand 3 "10 17 23 22 8 9 9
PE-22 39 46 med-fine sand 3 8 13 19 26 15 8 9
PE-23 49 75 silty fine sand 1 2 5 10 42 16 10 14
PE-24 45 75 silty fine sand 0 1 1 2 38 30 15 i4
PE-25 50 35 clayey 5 S 5) 6 25 21 14 18
PE-26 52 39 silty med-fine sand 1 1 3 28 30 12 17 8
PE-27 36 39 fine sandy silt 1 2 9 11 .13 14 42 8
PE-28 32. 27 silty fine sand 0 1 ' 2 10 40 20 15 12
PE-29 39 66 silty med sand- 3 4 17 36 14 6 13 7
PE-30 46 25 silty med-fine sand 2 2 6 17 34 9 18 10
PE-31 53 30 silty very fine sand 0 0 1 2 38 34 14 11
PE-32 45 53 silty fine sand 0 1 2 IS 48 6 12 11
PE-33 38 30 silty gravelly sand 13 9 '3 18 12 10 16 9

ST



IBLE 4. (continued)

Water . Sample % V. Coarse |Coarse |Medium Fine | V. Fine| Silts| Clay and
ation |Depth (m) | Depth (cm) Sediment Type Gravel Sand Sand Sand Sand Sand Finer
| >4.Qﬂm 2.0 >1.0 20.5 >.25| >.125 |>.004 |<.004mm

| 2-34 46 65 silty fine sqnd 2 4 7 9 27 20 16 16
[ E-35 44 25 med-fine sand 0 2 6 40 29 7 10 6
'E-36 32 50 medium sand 3 5 17 30 12 9 10 5
fE-37 36 3 sandy silt 3 4 10 16 10 8 36 9
|
;ANL-I* 53 8 med-fire sand 0 0 3 27 28 1:3 26 6
BNL-2* SESSS 8 silty‘fine sand 0 0 1 2 39 16 33 7
ANL-3* 33 8 med-fine to silty

medium sand 4 5 13 30 187, 4 21 5
ANL-4% 50 8 silty fine to fine
’ sand | 0 ]t 3 11 44 8 26 i
ANL-5* 39 8 silty fine sand 0 0 1 6 41 19 28 5
|
éNL-G*' 53 8 silty med-fine sand .

to mixed sandy gravel 14 5 5 15 22 6 26 7
|3-23 45 10 silty fine sand 0 < 79 > 17 3
I3-26 36 10 | gravelly coarse sand 20 < 73 > 6 1
3=-27 47 10 | silty fine sand 0 < 75 > 19 4
5-36 |+ 189~ 10 silty fine sand 0 < 82 > 14 1

-means of analysié of four samples (two from March-April s&mpling, two from July sampling) see

-

1L - present survey
- Savard (1966).

= - data from U. S. Army Corps of Engineers (1975).

Table 3.

T
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Two stations, PE-27 and PE-37, NNW of the center of‘the East Hole
‘area contain higher amounts of silt, approximately 40%. A single
station west of center, PE-18, contains sediments which are almost
entirely (86%) clay size or finer material. Station ANL-2, just
SSW of PE-18, is apparently transitional between this high clay area
and the dominant silty fine sand zone. This station contains fragments
of hard grey and red clay; these fragments are flattened irregular
lumps .5-2.0 cm in diameter and are more characteristic of our western-
most Station, ANL-6, near the West Hole. At Station ANL-6, two nautical
miles west of center, we found a variable sediment, which varied between
cruises as well as between subsamples in April. The range here was
from a fine sandy silt to a mixed sandy gravel with hard clay lumps.
This variability could represent a real, small-scale patehiness, but it is °
most likely accountable to the difficulty of the research vessels main-
taining position at this station due to very strong currents and tide
rips. Sediments at S-26, north of ANL-6, on the shallower northwest
slope of the valley, are coarser, being EOmposed of 20% gravel. Station
ANL-3, also in shallower water, 1l mile WNW of center, appears to be
transitional between this gravelly area and the finer sediments to the
;ast, with approximately 5% gravel by weight.

An examination of the graphic skewness of the sediment (Table 3)
may be informative. Positive skewness values indicate the presence of

more fine material than would be found in a normal distribution; negative

values imply more coarse material than expected. The values found in our

g e



analysis were all positive and ranged between .243 and .666. Duane (1964)

considers positive skewness to be an indicator of a depositional environment.
It must be pointed out, however, that the tubes of the tube building
amphipods and polychaetes whiqh are abundant here may play a role in
sediment type. Pratt, et al. (1973) believe that.in Rhode Island Sound
the amphipod tubes covering large areas of the bottom could enhance the
retention of fine sediment. Thus, the depositional nature of the sediments,
indicated by analysis of skewness, may be at least partially related to
biological activity. :

In summary, the East Hole alternate dumpsite is dominated by silty
fine sands, especially in the center of the depression; there is a patchy
distribution of coarser and finer materials on the shallower slopes
as well as in the western part of the depression.. Also present in the
western section were lumps of hard clay fragments; the origin of these
fragments is unknown, but they could possibly have come from the West
Hole, where erosional processes may be occurring. The East Hole sediments
appear to be part of a silty zoné, described by Savard (1966), that

extends from the east side of the "RACE" to the channel between Block

4

Island and the Rhode Island coast.
2. Carbonate and Oxidizable Organic Contents -

The results of the carbonate and oxidizable organics content analysis

of sediment samples are presented in Table 5. The samples were generally

low in organic material with all samples containing less than 2.25%

total oxidizable organics. Organic material only exceeded 1.4% of



TABLE 5. Carbonate and organic material in sediments of East Hole; values
are percent by wt of total sediment

Sample Core % Oxid. %
Date Station No. Organics Carbonate
~March 24-26 ANL-1 G6 0.49 6.58 -
e - ANL-2 G2 0.43 7.62
» ANL-3 G2 0.11 5.92
April 22 ANL-4 G6 0.23 6.81
. ANL-5 Gl 0.35 6.20
- ANL-6 G6 0.13 5.52
July 7-8 ANL-1 G3 0.78 6.81
. ANL-1 G5 0.80 5.28
" ANL-2 G3 1.13 5.52
" ANL-2 GS } 1.40  4.59
" ANL-3 G2 ' 0.65 7.83
- ANL-3 G3 0.43 3.39
" ANL-4 Gl 1.07 4.71
" ANL-4 G5 0.87 2.30
" ANL-5 G2 0.23 5.37
" ANL-5 . G5 ‘ 0.18 4.56
" ANL-6 Gl 0.12 2.04
- ANL-6 G4 oA 4.77
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sediments, by weight, in one sample: 2.25% in one of two replicate

cores collected from Station ANL-6 in July. The values for all March-

April samples averaged 0.29% while the values for all July samples

averaged 0.82%. The higher summer values may be refiective of material

reaching the bottom after the spring plankton bloom. These values are

comparable to or slightly lower than those found in the New London

disposal area (NMFS, 1975d). East Hole organic material concentrations

are also typical of much of southern and eastern Long Island Sound and

are appreciably lower than levels (to 10%) measured in the westernmost

part of Long Island Sound (NMFS, 1974).

Calcium carbonate contents of the sediments were relatively uniform

averaging 6.44% in March-April and 4.76% in July. These values are quite

low compared to the occasional values of greater than 30% found in the

New London area (NMFS, 1975d) and other parts of Long Island Sound

(NMFS, 1974).

3.

Chemical Analysis of Sediments -

a. Heavy Metals

The results of our analysis of the heavy metal concentrations

in sediments of three stations sampled in March (Table 6A) were

presented in the second progress report (NMFS, 1975c) and is re-
presented here for completeness. Other heavy metal data, analyzed
by NYOéL (Dr. R. Hollman, NYOSL, Montauk, N. Y., uﬁpublished) are
presented in Table 6B. On the whole, concentrations were often

below instrument detection limits and where measurable, were

21
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TABLE 6. A) Metal concentrations in top 11/2 inches of sediment collected
3 from three alternate dump site stations, from Cruise 1
(March 1975).

)

L

Metal Concentrations (ppm, dry weight)?2

Station Grab cd Cr Cu Ni Pb Zn
1 2 NDb 11.5 ND 15.5 17.5 44.3
1 S ND ND ND ND L2455, 39.3
2 6 ND 15.8 12.0 18.5 22¥s 53.5
2 4 ND 17.0 12.5 17.0 17.5 54.5
3 1 ND ND ND ND 10.0 30.3
3 S ND ND ND ND i) 2°05) 35.0

a. Values are the means of duplicate measurements. .

-2 b. ND - not detectable Detection limits - Cd = 2.5 Ni = 10.0 !
; Cr = 11.0 Pb = 10.0
Cu = 10.0

B) Metal concentrations collected in June-July 1975 by NYOSL, —_
concentration in ppm. '

Station Hg cd (G Cu Ni Pb Zn Fe ;
) i
2 al H03 < 2 - 85 <9 < 20 g5 10.7 :
2 .09 < 2 - 10 <9 < 20 50 1758 g'
3 .14 £ 2 -~ L <9 < 20 33 13.9 :
4 .02 < 2 - 10 <9 <20 46 11.4
5 .03 < 2 - 10 £9 <20 46 11.0
6 .02 < 2 - 12 <9 < 20 40 21.0

* not measured
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relatively low, compared to concentrations found in Fisher's Island
Sound and Gardiners Bay (NMFS, 1974). The values were slightly
higher than concentrations found on the continental shelf south of
Long Island (Carmody et al., 1973) but comparable to background
levels in bedrock (Saila et al., 1972).

Heavy metal copcentrations in the tissues of the ocean quahog,

Artica islandica, collected from the East Hole area were measured

(Dr. R. Hollman, NYOSL, Montauk, N. Y., unpublished). The means
and range of values in ppm (dry weight) found in the tissues,
collected in April, 1975, are: cadmium - 1.8 (0.8-3.4), copper -
31 (22-42), mercury - 0.4 (0.2-0.6), nickel - 18 (10-27), lead -
18 (6-25), and zinc - 183 (87-288). Thése values are presented

here as reference background data.

b. C.0.D., Kjeldahl Nitrogen and Phosphate -

These parameters were also examined by NYOSL in July (Dr. R.
Hollman, NYOSL, Montauk, N. Y., unpublished). They found the cgemical
oxygen demand (C.0.D.) of the Easp Hole sediments to range from
12,000 to 22,600 mg O/kg with an average value of 18,100 mg O/kg.
Kjeldahl nitrogen analysis showed an average value of 700 mg N/kg
and a range of 283 to 1,040 mg N/kg. Total phosphorous (PO4) averaged
576.5 P/kg with a range of 467 to 699. Generally the higher values
in each case were found at the deeper siltier statiéns, Tawen
Stations 2, 4, 5. These concentrations are comparable to predisposal

values found in the New London area.

23



?enthic Macrofauna

1. Species composition -

Macrofauna collection results are presented in Table 7. Generally,

our six stations and is numerically dominated by colonies ofrégggli56a‘

22 4 &

agassizi, a tube-dwelling amphipod crustacean, one‘centimét

o

This species dominated all our collections, exéept two: - ;he Dec

sampling at Station 1 and July sampling at Station 4. In;theSeftmkﬁ

samplings, Nucula proxima, a small bivalve, was more'abundant;

species. Other abundant subdominants were Leptochei
- ' AT ;
irrorata, (also tube-dwelling amphipods), Photis dentata (2. small amp

&

rus pinguis,  Uncio:

B

feeder, all of the above species are deposit feeders, utiliéing_thévd'

ampeliscid dominated community is similar to a more widely distributed

-silty-sand fauna reported by Lee (1944) and Saila, et al. (1972) for
, 4 .

adjacent areas and on the southern New England continental shélf;(WLgleym~,

e
.

3,4968; Pratt, 1973).

because of their large size or possible commercial value: the ocean

quahog, Artica islandica, and thé tunicates, Molgula sp. and a thus

far unidentified colonial species. Arctica was found throughout the




TABLE 7. Results of macrofauna collections: species list, station and sessonal occurrence. : |
Vsluea sre meana of five samples and one standard deviation, + indicates the occurrence !
of a species but in numbers that average less than one per grab.
5 Sctation ANL-1 ANL-~2 ANL-3 ANL-4 ~ ANL-S ANL-6 i
SPECIES Cruise 1 11 111 1 11 111 1 11 111 1 11 111 1 11 111 1 11 11
Cnidaria:
Cerianthus sp. 2 +
Edwardsta sp. + 2 1 1 1
Haloclava sp. B
fhrackscdela:
unidect. sp. + + + + + + + *!
Prorocida:
Phoronis architecta + + + 1 .
Mollusza:
Creoidila fornicata ~ 1
Crezidiula plana i
Lurazia teros 4 + v
Liratia triserata + + + 1
Anachis lafresrayd + + A/
Mitreila dissi=zilis S24 323 1 1 2 515 2 813 1 2 2 322
2ccfzi= tcteall * +
tassarius trivicttata + + +
fezisa canaliculaca + *
“a alta +
sdlla sp. + + +
-t!la elegantula 1 34 2 1 2 + + '
i3 sc=ersd +
Feceli-a tcstoniensis e by
%uc.la zroxiza 138198 19111 445173 201132 130149 824 314 421 33220 246238 84:.’32 ZP!!" 40229 413 1
Niciuia delpninodonta 1 1 + + T © 1 ; S I
¥alila limacula 1 + + 2 ' 2 1
Matilus eduils :
vosculus corrugatus 1 1 + + + + ] "7 " *
Mercenaria —ercenaria +
Cretulia decussata 1 + + 1 1 % * ¥ 2 b
Cren:lla glaadula + + +
Astarte uadita 4s3 311 814 1 313 916 513 16 2 n 1 2 i 2 s
Astarte borealls + % i
Cjclocazéia borealis 1 + + + + i o i
Occhidoris aspersa
s R o e T T A s e
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' TABLE 7 (cont{nued)
Station ANL-1 ANL-2 ANL~3 ANL-& ANL-3 AL-§
SPECIES Cruise 1 11 111 1 11 111 1 11 111 1 11 111 1 11 111 1 11 111
l | srceica fslandica 1 + + 1 + + 1
| :iciac=a filosa +
=rastaderta piraulatum + 1 1 + 1 + ¥ 1 N B
Zitaf ZOFri.ATA 1 + 921 2 524 + + 526 1 1 323
S:4su2a solidissi=a 1 |
1lira azilis i 2 1 2 2 2 + + + + + + + 1 1 +
sis direccus + + + + + 1 1 +
| | Li2-sia tjalina 1 1 2 1 313 + 1 1 1 322 1
| | Terizloza fragtlis 1 1 421 1 + +. + 513 422 o 2 1
| ' Unicenr. sp. #l + + - 3
Azo=fa sizplex + -
| | 2no=ta e +
ecicdienr ‘
| L. sp. +" + -
I|| ?:aszclian stroubd 1 i + > +*
Il 2-nelfda:
r=ctnade extenuala 2 1 1 \ 425 + + 2 2 +
tzaala asorel 32) 43 322 314 1 1 1 + +
+
1 1 1 1 1 + + 2 1§ 1 + 1 1 +
1i={cola + 1 1 + + + + 1 2 +
boa +
auccsa + + 1 + 1 +
arenae 1 1 2 1 2 2 1 1 1 6:2
zaculata + 1 1 + + 1 +
+ + +
ea + +
alites speciosa + +
is s:ccinea 1 + S
| i3 gravd + 1 2 1 + 2
| i3 fonata +
a-:n.cus circinatus + 1 + + + + 1 1 1
i B O AR ) 2 + 2 1 2 1
"| czheys fccisa 624 2 916 724 815 1 A 2 1 1525 826 1021 2 2 +
Z.vcera ¢itranchlata + 1 .
| “ljcéta azericana + ¥ + 313 + 2 2 b 1
“.;Btys bucers + 1 1 + 1 1 1
|
I
'J .
I
l
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| Ji2lE 7. (continued) 2
|t Station K- . -7 ANL=3 ANL-4 ANL-5 ASL—6
i' SPECIES Cruise 1 11 1344 1 11 ; 111 1 11 111 1 11 111 1 11 1 1 11 11
|  —— — —
,l Lveery carltata + 2 o
| zera robusta + i
| 2 s Rt + ,
della aracllis + 1 + ‘:{
| Zlvzera zigantea + + 1 + + + +
23 bruncea + * + 1
| 13 norwcgia 1
=lcuiata N +
Wt *,
Tazna +
Vsrza 422 2 622 [$3] 513 315 2 422 2 kE3 322 623 1 2 A
s tenuis 423 623 5£2 2 624 1126 1129 2425 422 3o 1 3t1 10:8 8:3 3525
s irazllls + + 1 + +
oS 2 2 t+ 322 + 1 3el
sziatferus +
tricolor 35 +
1 + 1 + + =322 2 117 + 2 1 1 3.2 1
+ -
+
1 1 + 1 1 + 1 2 2
<2 + 1 1 1 2 1 825 1 + 2 2 1822
1 1 &
2:4 1 f + *
>
94281 8:3 + 19:10 16:8 204220 17:12 41126 29222 32216 2324 41:5] 72271
+
. 1+
% 421 + 524 Q=3
+ + 1 1025 1 2
1 425 > 1 1 12212 1 125 824 1 1 1 3+3 €=3
1 1 + + + 2 + + + 1
Wl -<c-sa 3iflnis 1+ 1 + 1 il + + + + 1 1 2 1
‘ 12lirrcrra tnflatw 1 42) 323 1 1023 522 32:14 624 2 1 1 1 321 315
| TSN walgarts 2 + -
| - ~#51.5 azdisetae 1 + *
| | LNl e +
= + -
; + 1 + + 1 1 + 1 + ' -
. 822 21212 725 34 48228 20214 56433 9210 1 + + 324 71225 112z

~:
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TABLE 7 (continued)

- Station ANL-1 ANL-2 ANL-) ANL-4 ANL-S ANL-6
SPECIES Cruise 1 11 111 1 11 III 1 11 111 1 11 111 1 11 111 1

-
e
~
b

Cly=erella torquats
Tenella zonalis
Muriozhele heerl
reernla fusifor=ts
s-pharete arctica
ts2bellilés cculata
SHiSSESE eI NE]
Selliles stroex=t 4
dne inlundibuliformis 1

2729

9:18 629 1 8:5 33:15
13:10

1

625 623 726 10:5 425 1

127 1 = 1
4 9:3 + 2 1 .
312 1 1 3:1 322 2 1 1 1
2 S

+

2

¢

~nN

&~
o
-

&~ o

[
-~
o
IS W Ty
)
~
—
+

Vo

~
L

e 16 N4
w &

o

322 3t1 42l 2 322

w
—_—- NN
w
+
w
~
w
~
w
—
LN

v

~ -
+
+

-+

&

‘e

v

s =ENSERR UL +
?ctazilla renifor=is 1

1Byrozilia reglecta : 1 2
z re rubacirnata

venustula

sp. 4 1

sp. 5l +

~ -
-
-

1026 1 2 + ¥
+

+ + e

t4 hasiate +
nea sp. ¥l 0

Parasnls gracilis + i +

2ea Jeffrevsid

dea suesica

Astolvies sp. ’

£ e nedes

ne dispar

Ixolene verugera . 2

+

- b+

+ e

+ 4+ 4

Jruszacea:

fuiorelll cnarginata 16210 1123 124 1749 27:12 1123

aszvlis sculpta 42) 322 2 422 322 32)

Zistea triloda oo
?z{linthera tricarina *»

‘Circilana concharum

515 a=ericana &

5 us pusiolus

2n s¢ptexsplinosa

2320cagisgspe

1 ?igurcs longicarpus

L d

+
- 40

2 2 1627 8125 1221 624 10
63 322

w
[ d
~
i o

N 4
+
+
~
+
(SN NNTY
~
(] (Y] |‘l

-+ ¢
+
[
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TASLE 7 (continued)
Station ANL-1 ANL-2 ANL-3 ANL~4 ANLSS N =%

SPECIES Cruise I I 111 1 11 111 1 11 111 1 I 1 1 1 1 I ey
Caacer s»>. 2 + 323 + 1 1. + 1 2 + 3:11 »
,Plonixia savana +

2illnassa atlancica +
+
elisza vadorua 12:10 2 1 10219 35224 71239 35251 + + 19236 &:2 102223
elisca agassizd 362:370 434234 233:89 299:159 5202145 333:128 90216 2062112 65034 76221 3732105 318299 134121121 5422162  25.:57
+ 1 24217 1 1119 322 324 + 10:¢ |
+ L + * h
+ L +
'Zrichthonizs hunterd 529 1 2 2 1 2 +. 1 + 422 1 1 -

) AR (HsRa) 4 372 1 + 522 29:16 92259 21226 1 1 1 27230 26226 12:2
N faTeir=i V! 7214 57+16 1 Giziy]
3 pinguls + + 1 + +

ereila minuta + + 1 + 1 -

n serratus F2 + + + + +
sreccoxa 1 + 3:3 + 1 1 + + 1
fs denzata 32238 58256 + 18214 23:27 8:10 35 423 2 424 524 323 35220 3:5 16:5
cihelrus plrguls 9:8 60251 623 1 15214 68254 112259 65221 79:38 1 1 13210 53:36 1122 5G:11
schveocerus argulpes ot + + +
xcceriilus holbolld )] + 1 1 + + + + 1 =

A propingua 2 622 2 1 412 17237 2 + 715 1 2 324 2 S o |

le:stes gracilis v + + + + 1 + !

i1 Ton2canctha 2 + 1 2 323 1 2 2 1727 424 422 323 1 1S l

SOMSARTSY ¢ + + 1 |
aptsal 2ibnzaca 1 +
{rina lergicornts + 52) 1 17222 1 + 2 2 422 323 323 4
rella yrahaatl

EShifinadier=atak
othurvidea sp. (1 + 322 =2

Eyleothzzotdea sp. 2 3s2 +

MARSRO GRo + +

. Caudina arenata +

©Asterfas forbest + + + i1

senrica sanguldenta + + + ! b 2 |

A-thiclus squazata + ¥ “+ + + + i LI

Crhiopholus oculeata ' < ]
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TASLE 7 (continued)
Scation ANL-1 ANL-2 ANL-3 ANL-4 ANL~S AL-6
SPECIES Cruise I 134 111 1 11 111 1 I 111 1 ¢4 mr  q 11 11 1 11 1
Bezichordata:
: Stereobalanus canadiensis + + 1 1 3+2 442 1 2 1
ﬁ Cherdata:
g Vo tsula fspic 1 2 17414 32 +
i tnident. colonial sp. . + * ¥
)

s




:E; year, occurring in 60% of our gpring samples and 90% of our summer and
fall samples. Molgula was common in the July sampling at most stations,
but was not located in the partial analysis of the December cruise. The
é: . colonial form was found in the summer and also in December.
There is evidence of seasonal fluctuations in the benthic fauna,

although a detailed analysis of seasonality has not been undertaken.

Some of the more obvious changes are: the apparent colonization of the

area by the above-mentioned tunicates during the summer and an increased
{ -<abundance of juvenile Cancer crabs in the summer collection, being the
result of early summer settling of thé pelagic larvae. Populations of
these three species were found to be reduced orlabsent in the December

.and March samplings. From a cursory review of literature, e.g. Sanders

—(1956), it is known that many smaller organisms, especially polychaetes,

| —have annual cycles in which large numbers of larvae settle in the spring
—and population are reduced in winter because of natural mortality.

i Further s;mpling of increased fregquency would be necessary for us to

" detect these trends with any degree of accuracy.

The sole known previcus study of the benthic fauna of the East Hole
| e area for comparison is that of Smith (1950). His study emphasized the
use of macrofauna as fish forage and he identified only the dominant
species used as forage although all other species were.separated and
‘given code designations for future identification. He collected his
benthic samples with a 2 ft Agassi; dredge, which has a different

sampling bias than our Smith-McIntyre grab. Also, his analysis was
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based on biomass, rather than numbers, so his dominant species will not
correspond directly to our dominants. However, we feel that some of
his data and unpublished notes (Dr. F. E. Smith, Graduate School of
Désign,Harvard University, Cambridge, Massachusetts, personal communication)
are useful in examining the stability'of the benthic populations in the
East Hole area.

Smith made four dredge collections between May and August, 1949
at his Station 1-C, identified as being approximately four miles SSW
of Watch Hill, Rhode Island. This would place Station 1-C on the north
slope of the East Hole area. Our treatment of Smith's data is based
mostly on our examination of his unpublished notes and are presented in
Table 8. His collection is presently deposited with the Peabody Museum,
Yale University, New Haven, Connecticut; it is anticipated that his .
specimens will be compleéely identified at some future data.

An examination of this data indicates that most of the species found
in our collections had similar distributions and abundances in 1949.

The tube-dwelling amphipods (Leptocheirus, Ampelisca, Unciola) were

abundant then as now, and Molgula was important, in terms of biomass,
that summer as it was during our sampling. Although it would appear

that Leptocheirus was more important than Ampelisca in 1949, it should

be noted that Smith's data is based on biomass and Leptocheirus is

generally a larger amphipod, which would account for the discrepancy in

dominance. Smith!s—data will be discussed further in the food web

section.




TABLE 8. A list of species collected by Smith (1950) at his Station 1=-C
: with relative abundance (% of total, by wt); "+" indicate species
present, but amounting to less than .l1% of total. Smith's code
for each species, identified or unidentified, is also listed.

Collections (1949)

Species Code May June I June II August
Parasabella microthalmia Al +
" Parasabella sp. A2 +
Phyllodoce catenula AS + + +
Unident. polychaete A 25 +
Unident. polychaete A 30 +
Unident. polychaete A 31 +
Unident. polychaete A 32 +
Maldanidae A9 + +
Lumbrineridae A 10 +
Unident. polychaete A1l +
Ampharete sp. A 1l2 +
Ampharete sp. A3 + +
Leptodonotus squamatus A4
Unident. polychaete A 13 +
Unident. polychaete A 14 +
Unident. polychaete A 15 +
Leptocheirus pinguis AM 1 + 42 5 10
Byblis serrata AM 2 S +
Ampelisca spinipes AM 3 .6 .6 .6
Unciola irrorata AM 4 + 4 3 3
Erichthonius sp. AM 6 + + 2 +
Monoculodes edwardsi aM 7 +
Paraphoxus spinosus AM 11 + +
Unident. amphipod AM 13 + 2 +
Aeginina longicornis AM 12 + + 2
Unident. amphipod AM 16 + + -
Photis sp. AM 8 + + +
Stenopleustes smithiana AM S +
Ischyroceros anquipes AM 9 +
Corophium sp. AM 17 +
,Ampelisca sp. AM 18 +
Ampelisca sp. AM 19 +
Edotea triloba I1 + .8 +
. Unident. isopod I3 +
Unident. cumacean C 2 + + +
Unident. cumacean’ c 4 +
Unident. cumacean €85 +
Unident. cumacean C 6 +
Diastylis bispinosus c1l + +
Unident. cumacean & & +
Sipuncula S 2 +
Molgula sp. T 2 41 2
Unident. tunicate T +
Neomysis americana M1 + + + 19




TABLE 8 (continued)

Collections (1949)

f Species Code May June I June II August
: Crangon septemspinosa D S 5 .5 4
; Pagurus longicarpus D 4 + +
i Unident. decapod D5 +

Unident. decapod D 11 +
s Crucibulum striatum G1 4

Nassarius trivittatus G S 18 .6 .8

Polinices triseriata G 8 +

Polinices heros G 9 + B

Pyramidella sp. G 14 +

Unident. gastropod G 16 +

Unident. gastropod G 12 +

Unident. gastropod G 17 +

Unident. pelecypod P 14 +

Astarte undata DAY +

Astarte quadrans Bud 12

Anomia simplex PAS +

Venericardita borealis P 8 sLAL .9 +

Lyonsia hyalina P 10 + .9 +

Mulinia lateralis P 11 15

Unident. pelecypod Pl 15 +

Unident. pelecypod P 16 +

Modiolaria substriata Pl -+

Cardium pinnulatum Pl 7 + + +

Nucula proxima PL13 + +

Crenella decusssata P 12 +

Asterias wvulgaris EWS 37 "~ 14 58

Amphipholis squamata E 2 + + +

Echinarachnius parma E 4 69
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2. Community Analysis -
Community structure analysis of the macrofauna, including numbers of
individuals and species, Shannon and Weaver (1963) diversity, H', and

equitability, J' (Pielou, 1966) is presented in Table 9. The average

number of organisms per grab ranged from 417 to 1,759. The cumulative
number of species per station ranged from 47 to 105 species, with the
mean number of species per grab ranging from 24 to 53. These values i
are similar to those found by Saila, et al. (1972) in Rhode Island |
Sound. Mean number of species per grab are higher than wvalues found
in the New London area (NMFS, 1975d) and the remainder of Long Island
Sound (NMFS, 1974).

The mean diversity (H') values ranged from 1.18 at Station 5 ;p
April to.2.58 at Station 3 in December. The average diversity for all
stations and cruises is 1.80. This value is relatively low (Saila et
al., 1972; Boesch, 1972) and could be considered to be in the range
of stressed or marginally polluted areas. We do not believe this
condition should be inferred in this survey because the Shannon-Weaver
index is strongly influenced by the equitability (J') or evenness of the
distribution of abundance of individuals in a sample. The average J'
value for all samples was 0.50. This is relatively low and indicates
strong dominance, numerically, by one or a small number of species; mést

of our collections were dominated by two species, Ampelisca agassizi

and Nucula proxima. Such dominance will depress H' even though the

fauna may be diverse, i.e. a high number of species. Saila, et al. (1972)




;. TABLE 9. Community characteristics of the macrofauna; the values are the mean
| of five grab samples (with one SD) per station, for three sampling
periods.
Mean No. Total No. Mean No. Mean H' Mean J'

Station Cruise org./grab _ Species sp./grab Diversity Evenness

ANL 1 March Za il 335 65 32 TS 1,693 =33 0.49 + 0.10
July S EAN A+ 67 78 47 + 4 1. 908+ =82 0.50 + 0.06
December 806 + 80 76 39 + 4 1.47 + .09 0.40 + 0.03

ANL 2 March 334 + 212 60 3¢ #£08 LieQ " 12 0.48 + 0.06
July 879 + 217 85 45 +.9 L 26 ka2 0.46 + 0.06

ANL 3 March 86 v Y8 79 38, 4y S 2.09 + .24 0.58 + 0.05
July 417 + 137 73 3.+ 4 2.27 + .20 0.65 + 0.08
December 67 T EN229 105 50 + 8 2.58 + .08 0.66 + 0.03
April 1,018 + 146 68 3% 5 b 1.56 + .24 0.43 + 0.06
July 990y RNl 8 6l 3Gy 0 2.01 + .26 0.56 + 0.04
April 604 + 114 47 24 + 2 1185 # 2ulo 0.37 + 0.07
July 699 + 99 58 36,5 2 1.52 + .66 0.43 + 0.01

ANL 6 April 1,759 + 1,066 79 T39S 1.45 + .88 Q.89+ £.23
July 819t 162 74 40 + 11 1.46 + .35 0.40 + 0.07
December 874 + LSl 94 S8 t= B e 23 F L6 0.64 + 0.05
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also reported this situation in his study, where the dominance of

A. agassizi suppressed H' to a level below 1.00, but yet the community

~wasn't considered by other appearances to be stressed.

it is probably not meaningful to use H' as an index of community health.

We do feel that H'

against which change can be detected.

D. Demersal Finfish

is a valuable parameter in establishing a baseline

Finfish species caught at each station, with their number and weight,

are listed in Tables 10 and 11 for winter and summer tows respectively.

In Figure 2, winter tows are indicated by triangles a:nd are assigned numerals,

summer tows are indicated by diamonds and are assigned letters.

The species catch composition of the winter sample, the summer sample,

and those seen in both samples are shown below:

Winter Only

Cod

Longhorned sculpin

Sea raven
Ocean pout

Both Summer & Winter

Little skate

Silver hake

Red hake
Winter flounder
Windowpane

Summer Onlz

Smooth dogfish
Big skate
Blueback herring
American shad
Spotted hake
Fourspot flounder
Butterfish
Bluefish

Scup

Weakfish

Cunner
Goosefish
lobster

Loligo squid

Species which were captured only during the winter sampling period are

those which prefer lower temperatures and as a result are to some extent

In these situations



TABLE 10. Weights (pounds) and numbers of

demersal species caught by otter trawl in Block Island Sound, March 24-27, 1975

Tow 2 Mean
Pinfish Wt. L] Wt. # e | # Wt. # Wwe. L] Wt. [

Little skate, Raja erinacea 42 33 13 11 12_ 8 28 23 21 19 23.2 18.8
Alewife, Alosa pseudoharenqus B 1 51 .2
Atlantic cod, Gadus morhua 44 2 33 2 15.4 .8
Silver hake, Mcrluccius bilinearis 1 7 353 1 1 2 .S 2 .6 2.4
Red hake, Urophycis chuss 20 28 9 13 3 7 4 9 2 19 7.6 15.2
Ocean pout, Macrozoarces americanus 13 12 7 7 6 6 12 2 6 ) 6.6 6.4
Sea raven, Hemitripterus amerjicanug & 2 1 ™~ .2
Longhorn sculpin, Myoxocephalus octodecemspinosus 2 S 3 7 3 8 7 15 1 2 32 7.4
windowpane, Sccphthalnus ajuosus 6 25 8 21 3 6 3 7 1 S 4.22 12.8
Winter flounder, Pscudopleuronectes americanus 3 11 1 1 9 13 S 11 1 2 3.492 7.6

Total 89 122 85.5 I 63 37 50 82.0 72 32 52 325.5 i 359.0
Total # 359 7 S = 71.8
Total We. 325.5 - 5 = 65.1

Invertebrates

Rock crab, Cancer irroratus 1l - 22 d .4

/0 2¢
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TABLE 11. Weights (pounds) and numbers of finfish and invertebrates caught by otter trawl in Block Island Sound, July 29, 1975

A - B C D E P (4 Mean
Species : Tow Wt # Wt ] Wt [ Wt [ Wt [] we ¥ Wt Wt L]
finfish 1
szooth dogfish, Mustelus canis 15 3(n 2 |12 2 3 1 ; 5.9 1.1
3ig skate, Raja ocellata S 1 11 1 . i 2.3 .3
lLittle cormon skate, Paja erinacea 14 17 | 35 30 |35 31| 23 20| 12 12 24 19 | 6 ' 71 21.3 )| 19.4
8lueback herring, Alosa aestivalig 1 2 : .1 ¥ |
tzerican shad, Alosa saepidissima 2 1 .5 1 2 Sl 1 | .4 .4
hlewife, Alosa pseudohar«rgus K} 6 i .4 .9
‘S{lver hake, Merluccius bilinearis 4 2 2 10 1 4 2 14 13 18 .51 s 4.6 8.3
Fed hake, Urcchycis chuss SO O [ 72 2 17 9 |49 J 2.6 | 19.9
Ipotted hake, Urcphvecis regius bk 215 1 sl 50 3
fcurspot flounder, Faralichthys oblongqus X 5 1 3 (Y
Winter flouncder, Pce vlopluuicnectes americanus 15 16 6 9 8 16 2 8 2 3 11 11 Gl 515 2.9 10.7
Windowpane, Scophth.almus ioucsoes 3| 2 3 7 .5 3 1 4 55) 2 11 24 W =] 2.6 6.3
Butterfish, Forcnotus triacanthus 1 8- 6 .5 1|11 148 2 37|13 151 2 2 8 ' 53 6.0 57.5
Bluefish, Pcratcrtus saltatrix 6 1 3 1 F 1.3 od)
Scup, Stenctcmus chryscps s 1 03 1 1 2 SR 5 .2 193
Weakfish, Cyroscion regalis ; 52 9 |16 3 22 4|14 21 6 |1 : 15.2 | 2.1
Cunner, Tautogolabrus adespersus .5 1 of .1 .1
Goosefish, Lcghius americanus : ' 24 1 4 3.4 Y
Total [111.5 |64 |[90.5| 136 |79.5 ] 207 [ 69.5]| 105 | 46.5| 175 | 105.00140 [25.0 . 86 |527.5 |913.0

Sum of Means (wt.) = 75.1 1b.1

Sum of Means (nos.) = 130.31
Invertebrates !
lobster, Homarus americanus 2 2 1 31| 2 4 3 6 31 6 3 4 2 | 4 2.3 4.1
Jonah Crab, Cancer borealis .5 ! 1 .1 .1
wong finned squid, loligo ealel Total 11 72 71 50 81 772 8 54 2 47 6 36 {10 i 54 8.1 55.%

. 13 |7a| 81 | 53 |10 81 | 11 60 | 10 53| 9 [40 [12.5,59 | 10.5 | 59.9
Sum of Means (wt.) = 10.5 1lb. ;

Sum of Means (nos.) = 60

6t


https://tenotc:-c:.is

migratory. Adult cod are known to support a recreational fishery in Block
Island Sound during the coléer months. During the summér months, when the
water temperature rises, the adult cod move into cooler waters, generally ‘
éffshore. However, some adult cod probably remain in the deeper, cooler
holes such as the East Hole and West Hole, since the temperature does remain
marginally low enough (approximately 15°C as of July 29,'1975) to support
cod. Bigelow aAd Schroeder (1953) stated that cod "are abundant at times in
temperatures as high as 58°-59°F (16°C) on Nantucket Shoals."

All of those species that were captured during the summer only are
migratory in varying degrees. Of these summer species, butterfish, weakfish,
lobster and Loligo squid are particularly well represented in the samples.
The butterfish and squid are important links in the food webs of species
favored for commercial and sport purposes. Weakfish support a sport fishery
in Block Island Sound. It is well known that lobster is An important com-
mercial species. Cooper and Uzmann (1971) demonstrated the migration of
deep-sea lobster into Block Island Sound from the edge of the continental
shelf and have related this phenomenon to temperature orientation. They
determined the optimum temperature range to be between 10.0°C and 17.5°C.
The bottom temperatures observed in the East Hole area on July 29, 1975
ranged between 14.6°C and lS.5°C.- These temperatures are within the optimum
range for lobster as established by Cooper and Uzmann (1971). The bottom
éémperatures observed during the winter sampling period ranged between 4.3°C
and 4.5°C. This is well below the optimum for lobster and probably results

in the absence of deep-sea lobster during the colder months. It was expected

40



that a few lobster representing the inshore, non-migratory, resident population

would be seen during the winter sampling period. However, none were caught
and this may be the result of a combination of sampling methods, including

the necessity of not trawling over an excessively rough bottom, and the

reduced winter population.

2

Considering depth and the proximity of the stations to one another, four
of the summer stations are comparable with four of the winter stations and
are paired as follows: 1 with F, 2 with D, 3 with C and 4 with A. Table 12
considers only these four pairs of tows; showing the weight and number of
each species captured during the winter and summer series.

Examination of the mean catch per tow values presented in Table 12
indicates that those species which werecaptured1&gring both sampling periods
dominated both the summer and winter tows and appear to comprise a resident
population. _Little skates represented nearly half the catch (on a weight
basis) per tow for both sampling periods. Approximately the same poundage
per tow of little skates occurred during both sampling periods, but those
caught during the winter weighed abproximately 25% more individually than
those caught during the summer sampling. Red hake displayed a similar trend,

’

in the number of fish caught per season. But the winter red hake weighed

approximately three times more, per individual, than the summer £ish.

-Windowpane showed no appreciable difference in the average weight per

animal, but were more numerous in the winter sample than the summer sample.
Unlike little skate and red hake, the larger silver hake and winter flounder

were observed during the summer months. &Edwards (1965) and McCracken (1963)

41



v P

Table 12. Comparison between winter (numbers) and summer (letters) tows. Weight in pounds (lbs.).
Wintert Surmer
TOW Tows Tows
1 c A Mean Mean Mean Vean
Species Wwt. # wt.t # Wwt., # WE, - 4 we., # wt., # Wt., # Wwt. No. Wt. No.
Soooth dogfish, Mustelus canist - - - - - - - = - 12 2 15 3 - - 6.75 1.25
Big skate, Raja ocellata T === Sy 3 SN S = AR = = Sp 1 = = ¥ 4.00 .5
Little corron skate, (Raja erinacea) 42 133 24 19 19 1) 23 30 12 8 35 28 23- "33 14 17 23.75 18.75 24.00 24.25
Bluetack herring, Alcsa aestivalist - - ite 2 - - - - - - - - - - - - - - g =25 .5
Shed, Rlcsa s2pidicsira : o= - S~ - - - - - - - - - - =& - - - .13 .25
Alewife, rlcsa peeuvicharenqus = 5 35 6 CINE P u= ) == - T § S .1 .25 .75 1.5
Silver rexe, crluccius bilinearist 1 2 13 18 o8 TN Se14 1 2 ] 4 o) 2 4 2 47/-3 3.0 6.25 10.75
Ced, Ga22us rcrhua - - - - 44 2 - - - - - 33 2 - - 19.25 3 = -
Fed hrake, Urcrhvcis chuss 20 38 9 49 9 13 2 17 3 2 =" phl= 4" 9 ) 1 9.0 16.75 2.88 16.75
Sgotted hake, Lrc:znvcis reqius = = = e St Wl SF ez e =T Of $10 = < .13 .25
Fcurspot flcurder, raralichthys oblongus = = .5 3 = = = = S|~ i - 1 = < - = = - .25 .5
wirter flourder, Pceudzrleuronectes americanus k| B BT § O D Y 1 1 2 8 9 13 8 16 5 11 13 16 4.5 9.0 9.75 12.75
¥indowrane, Scorhtnal-us acucsus 6 25 10 24 8 21 1 4 3.yl 6 35) 3 3 2 1 2 5.0 14.75 3.13 8.25
euttertish, fcrorctus triacar.thus s o - - 2 7 = - Y - - 11 148 - o9 6 = - 5.13 49.5
Bluefich, Pcratcrus saltatrix - - - - - - - - - - - - - - 6 3 - - 1.5 .25
Scup, Scerotzz.ds cheysecs - - - .- - - =R = - Js= g8l o <988 Y = = .25 .5
Lorg torred sculpin, Myoxccephalus 2 S = = 3 7 = = 3 8 == 7 15 - - 3.75 8.75 = -
octclecnmsninosus
Sea ravern, Eeritripterus americanus 2 ! - - - - - - - - - = - - - - -1 .25 = -
Weakfish, Cvrcecion reaalis . - - 6 1l - = 22 4 - - - - T - 52 9 - - 20 3.5
Currier, Tautcjgalarrus adsfersus - - - - - - - - - - - - - - - - = = =
Ccean gout, !‘acrczcarces armericanus 13 12 - - 7 7 - - 6 6 - - 1 2 - - 6.75 6.75 - -
‘ Goosefish, Lcghius americanus =is = 24 5 - - - - - 2 = = = = = 6.0 .25
Lcbster, MHcrarus arericanus - - 3 4 - - 3 6 - - 2 4 - - 2 2 - - 2.5 4.0
| Jonah crak, Carcer bcrealis - - - - - - - - - - - - - - - - - - - -
Rock crab, Carcer irrcratus 1 2 - - - - - - - - - - - - - - ) 5 - -
‘ Llong fined sguid, Loligo pealei = - 6 136 | = - 8 54 - - 8 77 - - 11 72 - - 8.25 59.75
|
[
|
|
|
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-
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concluded that the migrations of finfish are closely associated with seasonal
temperature changes. The inshore-offshore migration of winter flounder was
documented by McCracken (1963) and was fdund to be particularly prominent
south of Cape Cod. McCracken correlated the migration of winter flo;nder
with temperature. Our work in the East Hole (Table 2) demonstrates a
relatively large difference between the winter and shmmer‘bottom temperatures
(Nearly 11°C). Silver hake and winter flounder catches increased in the
cooler waters of East Hole during the summer months.

Based upon existing literature and our observations in the East Hole

and nearby coastal areas, it can be concluded that migrations of different

- species do occur in the study area and some species reside in the area

throughout the year.

Edwards (1965) indicated that there are different "complexes" of
species which may be found in Block Isiand Sound according to season. A
gross examination of Tables 10 and 11 indicates that the species captured on
our surveys generally agree with Edwards'. However, our knowledge of the
areas, based on nearby coastal surveys and the work of Edwards (1965) and
Smith (1950), would indicate the expected, but not observed, presence of
spiny dogfish, yellowtail f%ounder and a larger number of goqsefish in the
winter catch, while the summer samples lacked black sea bass and the number
of Cancer crabs that would also normally be expected. It cannot be determined
whether these species were absent, or were present but not captured for one
reason or another (low numbers, irregular distribution, Sampling methods,

etc.); but their historic presence is documented.




Table 13 represents observations taken by Smith (1950) while on A

commercial trawler in the East Hole area. Smith's weight observations

are not directly comparable with ours because his tow time was much longer

and our lack of knowledge about the trawl size or how it was fished. His
:'data do provide a simple historical view of the species in the area that is
e;mparable with our recent data. The similarity of the species composition
of the catches suggests the existence of a relatively.stable community in
the East Hole area.

Based on this study it is not possible to quantify either the wvalue of
the East Hole to the fisheries in Block Island Sound, or the effect of
dredge’ spoil disposal on.those species tha; utilize or pass through the
East Hole. 1In order to aéhieve a statistically precise assessment further

research including more intense surveys and a study of the historic and

ongoing commercial and recreational fisheries would be required.

E. Food Web Studies

As a preliminary study of the interrelationship between the demersal
finfish and the benthic macrofauna, six finfish species were separated
from the trawl collections of July, 1975 for gut content analysis. These
species were selected because of their known use of benthic organisms as

food. Winter flounder, Pseudopleuronectes americanus, dominated our sample,

with 47 specimens being examined. We also examined stomachs of ten windowpane

flounder, Scophthalmus aguosus, ten red hake, Urophvcis chuss, two silver

hake, Merluccius bilinearis, two weakfish, Cynoscion regalis, and two scup,

Stenotomus chrysops.

T TR
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TABLE 13. 1949 trawling results in the East Hole area (Smith, 197S)

Trawl date May 7 June 2 June 2 August 9
Haul 1 Haul 2
Duration of tow (hrs) 1.5 1.0 2.0 1.0
Species weight caught (lbs) Total
Wt.
Winter flounder, Pseudopleuronectes americanus 89 200 267 113 3?9
Little skate, Raja erinacea.s 111 33 50 200 ¢4
Sea robin, Prionotus sp. 67 3 1 133 204
Goosefish, Lophius americanus 50 33 1 specimen €8+
no wt.
Big skate, Raja ocellatus 67 €7
Fourspot flounder, Paralichthys oblongus 22 l.8 2 22 47.8
Whiting, Merluccius bilincaris 44 2.8 46.8
Windowpane, Scophthalmus aguosus 22 2 22 45
Summer flounder, Paralichthys dentatus 33 33
Eel pout, Macroznarces americanus 22 9 3l
Barn door skate, Raja laevis 10 10 2)
Sculpin, Myexncejphalus? 11 2.1 13.1
Red hake, Urophycis chuss 2 3 1 2.8* 3.8
eel, Anguilla? 8 3
Menhaden, Brevoortia tyrannus 3 3
Toadfish, Cpsanus tau 3 3
Degfish sp.? specimens
no wt.
Cod, Gadus morhua specimen
no wt.
Clearnose skate, Raja eglanteria 1 specimen
e no wt.s

*sRed hake and whiting wlere listed ‘as combined for

a totdl weight of 5.6 lbs for this tow.s



1. Winter flounder -

Eight (17%) of the winter flounder had empty stomachs; of those
with food in their stomachs, 24 were females, 14 males and one immature.
They ranged in size from 24 to 45 cm total length (§'= 30 + 5 em).., e
found that these fish fed on 37 identifiable species of benthic fauna:
13 amphipods, 17 polychaetes, 2 decapods, and one each mysid, cumacean,
bivalve, tunicate and sipunculoid spécies. Amphipods were the most
important food items both numerically (88% of total numbers) and volume-

trically (52% of total volume), with tube-dwelling species Leptocheirus

pinguis, Ampelisca agassizi and Unciola irrorata dominant. Polychaetes

contributed 7% of the total numbers, and 22% of total volume; only two

species, Asabellides oculata and Ampharete arctica, were frequently

consumed, although the large size of Ophioglycera gigantea made it
significant volumetrically (18%). The remaining groups contributed 13%
of total volume (10% by the sipunculoids) with the final 13% being fragments
and unidentifiable material.

A breakdown of the stomach contents of the 39 winter flounder for
those prey species which make up 1% or more by number or volume, of
the total contents, is presented in Table 14. Other species found

4

were: Clymenella torquata (P), Photis macrocoxa (A), Nucula proxima (B),

Photis dentata (A), Dulichia monacantha (A), Lumbrineris tenuis (P),

Neomysis americana (M), Harmothoe extenuata (P), Ophalina acuminata (P),

Crangon septembspinsa (D), Ninoe nigripes (P), Chone infundibuliformis (P),

Sthenelais limicola (P), Tharyx acutus (P), Pherusa affinis (P), HarEinia

grogingua (A) , Scoloplos acutus (P), Phyllodoce arenae (P), Eudorella

emarginata (C), Spiophanes bombyx (P), Nephtys incisa (P), Corophium

crassicorne (A), and Scalibregma inflatum (P).
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f;é' TABLE 14. Volumes and numbers of forage species eaten by winter flounder

E t Total % Total % Stomach

§ Prey Species Volume Numbers Occurrence
- Leptocheirus pinguis (A) 42 42 69
-i Ophioglycera gigantea (P) 18 <1l 113
Unidentifiable fragments 3 - 100
Sipuncula - R 10 33 10
Uneiola sp. (A) e 13 49
o Ampelisca agassizi (A) 3 12 82
Asabellides oculata (P) 3 4 36
Molgula sp. (T) 2 <1 3
Cancer sp. (D) 8 3 28
7 Aeginina longicornis (A) <1 11 41
Ampelisca vadorum (A) <1l 4 21
_T? Erichthonius hunterii (A) <1 1 23
; Ampharete sp. (P) <1 1 2iﬁ
; Byblis serrata (Aa) <1 1 21

4

polychaete, B = bivalve, M = mysid, D = decapod,

>
]

amphipod, P

tunicate, C cumacean

]
"
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Of the 37 species eaten by winter flounder, all were part of the
infauna discussed in section C, with the exception of juvenile rock

crabs, Cancer irroratus, sand shrimp, Crangon septemspinosa , and mysid,

Neomysis americana. These three species are motile epifaunal components

.of the benthic community and were only a minor (approximately 1% of
total volume) part of the flounder's diet.. Smith (1950) found infaunal
species made up 99.2% of the wet weight of the diet of the winter

flounder he examined.

2. Windowpane flounder -

The windowpanes were between 15 and 33 cm iﬁ length (x = 26 cm).
Five were males and five females, and all stomachs contained food.
Analysis of the stomach contents indicated they prefer epifaunal

-species; Crangon septemspinosa (43% of total numbers and 37% of total

volume) and Neomysis americana (25% of total numbers and 22% of total

volume) were the dominant items. This importance of epifauna in
windowpane's diet is coﬁsistent with the results of Moore (1947),
Smith (1950), Richards (1963 a,b) and Hickey (1975), although these
~_ authors found Néomzsis to be more'important than Crangon. Beside
~ Crangon and Neomysis, eleven other crustacean species were eaten,

including eight amphipods and three other decapods. The complete

. results are summarized in Table 15.

3. Red hake -

Of the ten red hake examined, nine ranged between 20 and 24 cm

(x = 21.5) and one fish was 49 cm. These fish fed only upon five species




-li' TABLE 15. Numbers and volumes of species eaten by windowpane

% Total s Total % Stomach

Prey Species Nos. Vol. Occurrence
' Crangon septemspinosa (D) 43 37 80
Neomysis americana (M) 25 22 80
leptocheirus pinguis (A) 15 13 70
g Aeginina longicornis (A) 8 7 20
©  Dulichia monacantha (A) 6 5 30
' Dichelopandalus 1eptoéeros (D) 6 S 20
Erichthonius hunterii (A) 3 3 30
Ampelisca agassizi (A) 3 3 30
Byblis serrata (A) 2 2 20
Gammarus sp. (A) 2 _ 2 10
Unciola irrorata (A) 1 1 10
j; Cancer sp. (D) 1 1 10
I8 Homarus americanus (juv.) (D) It 1 | 10I

D = decapod, M = mysid, A = amphipod

|




of crustaceans with 96% of the total number being Crangon; the other
four species were amphipods. Again, although the sample size was small,
the results are similar to the findings of Richards (1963 a,b); the

complete results are summarized in Table 16.

4. Other species -

The two (38 and 46 cm) sil;er hake fed mainly on Crangon, but also
consumed a polychaete (Nephtys sp.), and an unidentifiable fish. The
two (62 and 67 cm) weakfish also fed on Crangon, but fish remains
dominated the stomach contents; three other benthic invertebrates were

also found: the large polychaete, Ophioglycera gigantea, a cancer crab

and a small amphipod, Photis sp. One of the two (20-25 cm) scup stomachs

examined contained 30 Ampelisca agassizi, the other 96 Leptocheirus pinguis

and small numbers of Ampelisca, Crangon, Unciola, Neomysis, Byblis

and Asabellides oculata. These results are consistent with what has

been reported by other researchers on the diets and feeding of these
species (Smith, 1950; Richards, 1963 a,b).

“Although our sample size was small and only a few fish species were
examined, our survey does indicate that demersal fish of the East Hole
area are dependent on benthic invertebrates for food and that at least
..two commercially impor£ant %pecies, winter flounder and scup, rely almost
exclusively cn the benthic macrofauna for forage.

The East Hole appears to be a rich source of forage for these and
other demersal finfish. The silty-sand ampeliscid dominated faunal zone

discussed in the macrofauna section of this report is considered by

T ot
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i : TABLE 16. Numbers and volumes of species eaten by red hake

% Total % Total % Stomach

Prey Species vol. Nos. Occurrence
Crangon septemspinosa (D) 99 56 100
Leptocheirus pinguis (A) ' <1 2 30
Aeginina longicornis (A) <1 1 20
Dulichia monacantha (A) <1l <1 Tl

Ampelisca agassizi (A) <l <1l 10

D = decapod, A = amphipod
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Pratt (1973) to be one of the most important benthic faunal zones in

terms of its ability to supply forage for demersal finfish. Lee's (1944)
results support this contention; he found the abundance of winter flounder
in Menemsha Bight, bordering Rhode Island Sound, corresponded closely

to the abundance of Ampelisca and Clymenella in the bottom sediments.

Because the distribution of faunal zones is not well-known in Block
Island Sound, it is difficult to appraise the relative worth of the

East Hole compared to other Block Island Sound areas in terms of its
importance in supplying forage to valuable finfish. However, a rough
estimate could be mgde if we can assume a close correlation between the
productive ampeliscid dominated community and sandy sediments which
contain approximately 10-25% silf. This assumption is wvalid if we
accept Thorson's (1957) hypothesis that certain benthic assemblages
exhibit preferences for particular sediments, which seems well supported.

in many studies.

VXA

Savard's (1966) sediment data indicate that silty sands cover a
relatively small proportion of Block Island Sound (Figure 5). The majority
of the Sound contains relatively clean sands, whi;h are considered by
Pratt (1973) to have the lowest productivity of the natural faunal
zones found in southern New England. An examination of Smith's (1950)
data also lends support to the importance of the East Hole as a foraging
ground. His study included the Block Island Sound coast of Rhode Island
from Watch Hill to Pt. Judith (a good part of the silty sand zone defined

by Savard) where he reported 46.1% (by wt) of all food found in the

ey
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stomachs of the fish he collected were leptocheirus pinguis, followed by

Cancer irroratus 11.8%, Unciola irrorata 8.1%, Crangon septemspinosa

7.6%, Upogebia sp. 5.7% (a burrowing shrimp), Neomysis americana 4:2%,

Byblis serrata 1.9%, Aeginina longicornis 1.3%, Dulichia monacantha

1.2% and the sand dollar, Echinarachnius parma 1.0%; the remaining

species each comprised less than 1l%. His benthic survey indicated that
his station 1-C (East Hole) contained the highest standing crop of

Leptocheirus of all stations examined, .24 gm dry wt/m2, compared to

a maximum of .074 gm dryv wt/m2 for all other stations except one, which
contained .15 gm dry wt/m2. Station 1-C also contained a significant
standing crop of other heavily utilized food organisms, e.g. Unciola,

Crangon, Neomysis, Byblis and Dulichia. On this analysis, we could

conclude that the East Hole is a very productive area for benthic
species and very important to demersal fish. One last point, the

discrepancy between the relative abundance of Leptocheirus and Ampelisca

found in stomach data and the relative abundances found in our macrofauna
samples could be explained by the fact that fish, especially the size
collected in a commercial trawl as Smith used, have a tendency to
selectively feed on the largest particles of food within the size range

they can utilize and Leptocheirus is much larger than Ampelisca.

The importance of benthic macrofauna in the food web supplying
valuable demersal finfish indicates a high dependence on certain benthic
species and that changes in the species composition of the fauna, for

example by dumping, can affect the amount of acceptable forage available

54
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to fish in the area. 1In some cases an alternate diet could be readily
adopted but in other cases, the lack of éuitabl; forage may exclude
certain species from the area, at lea;t temporarily, or retard groch,
fecundity and possibly recruitment. This could be very important to
resident fish stocks which do not normally migrate outside of the
immediate area. The preliminary food webs develéped may also illustrate

the possible paths of contaminants released by the spoil material.
IV.: SUMMARY AND CONCLUSIONS

We found bottom water in tﬁé East Hole to have a narrow range of salinity
(31.5 + 1.0 ppt) during the year, the temperature range was 13°C (3-16°C)
and the water was well oxygenated (a low of 90% saturation in July, 1975).
Hollman (Appendix A, this report) and Morton, et al. (1975) report the
average bottom current drift to be to the WSW; Morton et al. also report
the maximum bottom current velocity, either ebbing or flooding, to be
about 40 ¢ém/sec with the mean current velocity slightly higher than at
the New London dumpsite; the friction velocity was less than 2.5 cm/sec,
a value considered insufficient to erode Thames River dredge spoils..
Analyses of sediments, combined with Savard's (1966) and U. S. Army

Corps of Engineers—{1975)‘data indicate that the East Hole contains
mostly silty sand (10-25% silt) with patches of finer and coarser

materials being found mostly in the shallower north and south slopes

of the depression.

The sediment heavy metal concentrations were found to be low. The

carbonate and oxidizable organics in the sediment were also low
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compared to values found in Long Island Sound.

The macrofauna of the East Hole was found to be dominated by populations

~ of tube-dwelling amphipods, Ampelisca agassizi, Leptocheirus pinguis,

and Unciola irrorata as well as a small bivalve, Nucula proxima. The

majority of the 183 species found here are deposit feeders and appear

to be part of a characteristic and productive silt sand fauna reported

for adjacent areas and widespread off southern New England.

The demersal finfish were found to fall into three seasonal components:

1) a winter component dominated by cod, longhorn sculpin, and ocean

pout, 2) a summe; component dominated by butterfish, weakfish, bluefish

and scup, and 3) a year-roun§ resident population dominated by little

skate, winter flounder, windowpane, and red hake. Thé average total

biomass we caught per tow varied from 75.1 lbs (ranging from 25 to 111.5 -

1bs) in July to 65.1 lbs (ranging from 32 to 89 lbs) in March.

A preliminary survey of the occurrence of benthic macrofauna in the

diets of demersal finfish indicated that winter flounder, and possibly

scup, were almost entirely dependent on infauna for food, while the

four other species studied depended on both infauna and motile epifauna. 5.

From the data presented and‘Smith's (i950) study, it appears the East Eals
’

Hole may be a very productive source of forage for demersal finfish.

Further studies would be necessary to confirm this.
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A. Definitions:

u: east/west velocity component in cm/sec
v: .north/south velocity component in cm/sec
E; speed of the current in cm/sec,
- R = [u2 + v2]1/2
6: direcfion of the current relative to geographic north,
@ = arctan v/u '
.D(R): virtu;1 distance in kilometers of a half-tidal cycle,
D(R) = /R(t) dt A
3 1/2 tidal cycle
e L. duration of half-tidal cycle iﬁ hours

Beam Attenuation coefficient (B8): sum of the absorption coefficient

and total scattering coefficient and calculated from

B= (-1/L) 1n—(T/100)

where T is the beam .transmittance Iwpercent and L is the path length in

[ ]
o
< :
7 centimeters.
: — MExtinction" coefficient (k): is defined by the equation:
}3 _ 1(z) = I1(z=0) exp{:kz}

where I(z=0) is the total visible light energy (irradiance) incident to
the air-sea interface, I(z), is the remaining light energy at the depth
2z (meters), and -k is the mean totel '"extinction' coefficient (m-1) for

- the entire water column.

e —4 Transmission'':the degree of daylight penetration in the water (transmission

.of downwelling irradiance over the visible spectrum) and calculated from:

‘; % Transmission = [I(z)/I(z=0)] x 100%
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B. Instrumentation

~

The current meters used in this study of the alternate dump site at
East Hole included 2 General Oceanics Model 2010 film recording meters,
one at the surface, and the second at mid-depth; the bottom current |
ﬁeter.was a HYDRO-Products In-Situ current speed, direction, and temperature
recording system, Model 502. Temperatures were measured by bathythermograph

and surface bucket thermometer. Beam transmittance measurements were obtained

with a HYDRO-Products Transmissometer.

C. Cruise Descriptions:

1; General

A total of S5 stations were selected for sampling at the East Hole, the

: designéted alternate dump site in Block Island Sound:

a. Center Station (East Hole) 41°14'N; 71°51'W

b. Station N, 1/2 mile north 41°14.5'N; 71°51'W
.c. Station S, 1/2 miles south 41°13.5'N; 71°51'W
d. Station E, 1/2 mile east 41°14'N; 71°50.3'W
e. Station W, 1/2 mile west  41°14'N; 71°S51.6'W

2. Cruise 29 July 1975

A 3 current meter sub-surface array was installed at the Center Station
at East Hole (Figure 1). Concurrent plankton tows were carried out in East

Hole area. Navigation control was by visual becarings and by RADAR range and

bearings.
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3. Cruise 30 July 1975

Each station at the East Hole was sampled at 4 depths for water quality

parameters and at Sm intervals for transmittance. The sample schedule was:

Stations Current
€148 Ny Elyy S1 Ebb flow
€2, N2, W1, S2  Slack water
C3% NS; w2, S3 Flood flow

Therefore, Station C, the center, was sampled 3 times during the day as

was Station W and S. Station W (west) was sampled twice and the east station,

Ej once

4. Cruise 31 July 197S

The current meter array was retrieved during this cruise.

D. Results and Discussion

" Average temperatures and salinities are tabulated in Table 1. Maximum’
variation in temperature at the center station, C, was 0.6°C and 0.8°/co
in salinity; corresponding variations at the bottom were 0.1°C and 0.19%°/co.
The maximum variation in both temperature and salinity occurred at Station
$ in the surface: 1.1°C ahd 0.16°/co. Variatiéns at the bottom at Station S
wereé the same as Station C for temperature, 0.1°C, and only 0.08°/.o in

salinity. Station N is similar to Station C except that it is only half as

deep.

The vertical tempcrathre gradient varies from 4.8°C at Station N to 6.2°C
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at Station W (Table 1). These gradients are larger than the vertical

gradients encountercd at the dump site off New London, excepting the

case of a freshwater lens originating from the Thames or from the Connecti-

cut Rivers. In general, the high vertical gradients lead to a comparatively

stable water column as can be seen in the change of density with depth.

The observed temperatures and salinities on 30 July agree with results ob-

served in the past.

Beam transmittance (10 cm path length) and corresponding "attenuation'
coefficients are tabulated in Table 2. The observations listed in this

= table, in general, are not significantly different from the-background

observations obtained at the dump site off New London. !

| Resultant current velocities over flood and ebb cycles are tabulated in -

‘Table 3. The averages for these 4 tidal cycles are tabulated in Tables 4a
through 4c. The maximum speeds encountered, based on 15 minute averages,.

are tabulated in Table 5.

The moon was in quadrature on the 31st, and in apogee and on the equator
on the 27th; therefore lower neap tides and correspondingly lower current ‘
speeds, as seen in Tables 3 and 4a. In other words, the tidal ranges during

~ this period were unusually low, and therefore also the corresponding tidal i

relocities. For example, thec predicted currents at The Race were 40% lower ”

r -

han the monthly average for July, and approximately 52% lower than the maxi-

um flow. , [

-
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The unusual net flow to thec west (flood) at the surface in Table 5, and
the unusual lower ebb flows (as compared to tﬁc floods) in Tablec 4a, can
be attributed to the 3-foot Southeasterly swell due to extra-tropical
storm "Blanchc' that passed offshore the day before. Such a swell could
produce a flow in the direction of propagation (NW) of approximately

10 cm/scc at 5 meters, thus enhancing the flood flow and inhibiting the
ebb. The nct result is thercfore a net flow in the flood direction over

the sampling period. A mild form of storm surge would also act in the

same fashion.

The speed measuring system on the HYDRO-Products current meter on the

bottom mal functioned shortly after installation; we are trying to salvage

what can be for inclusion in the next report.
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Table 1 : Averagc.Values of Tempecrature, Sclinity and Resultant ot For
Stations in the Altcrnate New London Dump Sitc, 30 July 197S.

Statiion 1 #*¥  TDepth(m) & T(C) S("/00) T Ot
C 3 0 i 20.4 304651 14 (211356
S , 19.9 50L77 1|4 21458
e 10 WP19621_ 4~ iSOV ETTE T Lo8
54 15 N 18ei- 4 DILODAS 11 22820
<4 : 20 W Ton@r %  BI2001 e 22L0¥
: 25 ile] GL°0F B ISTL3I5ANE] 1 R2EOF
30 g 5LSI ¥ IBTESORE 2okl
35 Bol5LT] 8 SlnBot e e
40 I 14.8 31.78 1 «F D3L56
) 45 D 1Ake6l T 131, QP i el
N 31 0 N-¢2062F b BOLGRTT) “RILAR
5 ¥ LOEST F  BPIESSIEY T ONRe
10 #1881 ) wBoLsSZ bl PILol i
15 B L1ASBY SOOI Ll Q0 4
20 Pl N & 8110 18 225K
25 : 15.9 BHI6DN D 250K
30 w o BsLo@ i S5 TRl (O
E 1 0 I 20.0 % [BO.67 1% 21149
S i 19.6 30.63- 51 - 2156
10 19,1 30.60 1 v« 21566 {
15 T e 1303 30,8651 220817
20 Y. BU. U0 ¥ 22,57 §
25 li —1G:4 3} 52 23.01 :
30 r 15.9 3180 L 23,54 &
35 : 15.0 B 88T i 029597
40 t14.6 . 31.95 28 oA B
45 4 14,4 32 .2 25.83
; S 3 Q- —¥--20w6 30s2 -1 = DB, 37 ¥
S | 19.6 30.84 .2, 2§42 |
10 | 18.9 30.98 22.00 ;
15 P 174 SE.¥1 | = 122,46
20 e T Y9 31.36 22.82
} 25 : - 16.0 31.61 2307 |
30 =% 133 31.86 2505501
35 {10 31.89 23.60
_ 40 - 14.9° 31.91 23.64 |
! y §d4§ X T478 31.93 23.67 ¢
W 2} 6 1" ¥ 20.7 30.62 215 2744
S s 19.6 k{2 21.65 |
3 10 . 18.9 30.88 2193
15 &~ Vel 31.00 2% . F1i
20 T b 31.28 22.62 :
25 S 16,10 31.56 i 98 B
30 i~ 15.9 31.86 25 ok
35 14.8 31.93 23.67
! 40 . 14.6 31.96 23.74 |
! 45 i 14.5 32.00 23.79 ¢

f Number of Observations

e

[ |




Table 2 : Beam transmittance (T) and attenuation coefficient (B) as a function of depth and
time for each station of the alternate New London Dump Site, 30 July 1975.

Station ' B i S
Time : 0930 1125 1315 =gl 1032 ; 1225 7 T ¥
'Cepth H ‘ ;
() T mely i re) By Sy LBy L T L By ) S0 Bmel 0 TS Bm-l)
! ' '
1% ! 92, 0.83 85 163 82 1.99 ti 94. 0.62 85 {. tie3 2 1.
5 © 89 1.16 83 1 1.86 Bt s 28 ) dnt F 15286 T S T T TR 82 1.
10 86 ST St gl o B N . PN A N R N e 79 /&
=1 T i s R ooe T, ey L) e e RS o VT TS TECT A TN L e e T o R =
L 80 SETRE LR T PRI R R ey XU 511 ¢ 21t o Sr T4 -—2.11 78, oF
RO ok iew Do 20 0 e L e et o T T A e O A T T PO o | W T X 76 2.
R B v o W B b BN 0 8 2503 L o A6 iy 278 Ll o 801N _AZ S YS9 225 % 75 v
35 84 . 1.74 « %80 o L W 2 A TG T W TR, T A O 76 . . 2.4 % ¥ -
10 B a . ol b 8 N TZa36 FoAT S AT S e 0.8 T 56, 74 2 3 0lv e M 50
i 83 1 o86 = St S it w12 54D 74 F W TR ] 2. 3T w 3,15 . 70 3.
|
! L
i Station | N | W i E i
CTime ’ 0950 1 1145 Sl AT - | 1200 | 1350 5 4 4.4 1010 l
‘Depth | ! ; l | g . i i
(m) ' TCH 1 Bml)  TQ B(m-1) T3, I Bmh) Ji 1) | B! 1% i Am-l) 1! T¢ %) 1 30n-1a §
| - 97 IR T et T, Dl s ey ) 95 | W Ol RS Y N qwj - 83 | 1.86 i' 9 E o.zgl
s 91 0 94 90 U058 p. Foo 8305 L E-RINSI6" £ "85 = -7 62 82 1.99. . 3 ek T
T 10 83 L T L o T ST R T S S Y R I [ R LR R R A L
L 15, 81. 1.68 S A N R SRS A L ey TR 78 2,49, x4 4 AW B
~ 30 82 Faddeo g ot el WIS TR L 24 g - 4" 2,23 ¢ 78 2.49 ) 1.74 E
i) AR s 80 20230 176 g 2. d? gy MR IR A AR SRR J9 it 64 40, 7 ¥
30 G2 2oy LI = il B, T A A O R0 s 2,23 %1 .13 2,49 .7 #8 v 1.74 &
o I i ol 5 e e o T LM 2.88 33 i wass
10 ! ! b e v 260 6 i 3e e 8a 15 82 1.99 |
I i : TP R LR ) 80 % .75
&
3
o
ki
p
b - 3
c r




Table 3 : The Resultant Current Velocities at the Alternate Dump Site, Center Station (Half-Tidal Cycle).

j Flood K Ebb :

Date . Cycle Z U Vv i R i’e D(R) t ' ] v R | 81 . I DLR) ' t

() (@) (@) 1) :tZ) (3) (4) :(1) (4 | &) i(Z) (3) : (4)
29 VII 75 1 5.5 |-34.71-3.9 {34.9 264 7.4 5.7*!i 1957 ¥7 1 21,3 69 s:3 ‘le.2 4
30 VIT 75 | 2 I §5 4] =3%) S8 gsz.s i:257 8.1 | 6.4 r519.3i 6.8 | 20.9 |71 e SN -
30 VIT 75 3 i SEIS -30.4.~6.3 :31.0 i258 8.4 - 6.9 1224.1%10.8 26.4 ]66 S8 E 5.7
31 VIS L4 I Shlo J-27.9110.5 §29.8 %249 8.1 6.9 ill.gl 2.7 i 12.2 %77 2HS E 4.5 |
29 VII 75 1 . | 27.0 i-21.6 17.4 §27.8 3309 4.4 4.4*‘é28.0i 251 ; 28.1 586 '7.8 ! 6.9
30 VIT 75 2 ; 27.0 |—18.4 17,52 3'25.2 3313 5.0 .5.4 ?%30.9! 254 E 31.0 ' 86 7.8 ! 6.4 :
SO.NIT 78505 1.3 { 2780 -20.1,15.9 §25.6 %308 5.0 : 5.4 5!32 0:-4 5 ! 32.4 ?98 ? 9.2 i Thall !
S RAVICICeS ; 4 : 27.0 !-18.8:18.1 '26.1 E314 4.6 1 4.9 :?27.1% 253 ! 2752 é85 i 8.3 ' 7.9 I
(1) Cm/Scc : ’ (4) Hours
(2) Degrees (Circular) Relative to Geographic North | (5) Depth from the Surface (Meters)
63) Kilometers * Not a complete cycle
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Table 4a: Average velocities for flood and ebb tidal cycles calculated
from the half tidal cycle data.

Flood ! Ebb
Depth(m) R(cm/scc) 5 O ke R(cn/scc) T G
5.5 32.0 | 257 ! 20.1 ' .70
; :
27.0 26.1 Fo3 'i 29.5 ! 89

Table 4b: Averape cffcctive distances and durations calculated from the
half tidal cycle data.

|
: . Flood !! Ebb '
g : Depth(l) | D(R)(2) . TE(3) = R B Ry i TE(3)
. 5.5 8.0 | 6.5 1] 4.6 L sis
1 i !
' : 27.0 ! 4.8 5o I 8.3 ! 4
(1) Meters "(2) Kilometers (3) Hours

.Table 4c: The net average tidal cycie flow for each depth calculated
from the average velocities.

| i
Depth (m) { R(cm/sec) ! 6(°T) :
z 5.5 ! 6.2 270 !
it 27.0 ! a5 029 !
! Table 5 : The maximum observed speeds based on 15 minute .averages.
! Flood !l Ebb
3 i Date Depth(m) R(cm/sec) - 08(°T) i R(cm/sec) 8(°T) |
' 7 SR
' ek S8 54.2 , 273 2y BIQRYS ! 066 :
4 | 29 VII 75: I | .
’ 27.0 3402 | 307 : 50.0 ! 101
- | ] :
3 5.5 i I Satam |
i 130 VII 75 l 3 i
) | 27.0 33.4 1 317 59.7 : 095
P —— e
% et Sy R T
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