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SCOPE 

This overview is designed to provide, an assessment of potential 

biological effects of sand and gravel mining in the Lower Bay Complex 

of New York Harbor. This assessment is made from the currently avail

able literature concerning distribution and abundance of organisms in 

the Lower Bay Complex in relation to what is known about effects 

associated with sand and gravel mining/dredging operations. In par

ticular, the effects of suspended sediments on various organisms will 

be examined. Most of the literature regarding pctential suspended 

sediment effects .on Lower Bay organisms is derived from studies con

ducted elsewhere. The assessment encompasses suspended sediment 

effects on benthic infauna (e.g., shellfishes, worms, and other bur

rowing animals) and epibenthic fauna, including amphipods, crustacea, 

and demersal fishes. Other effects associated with mining/dredging 

operations, e.g., release of contaminants and nutrients from sedi

ments, also are examined. 

In order to properly evaluate mining/dredging effects, not 

limited only to suspended sediment loads, nutrient and contaminant 

release, a survey of the literature on other biological, chemical, 

and physical properties of Lower Bay waters and sediments is included. 

A variety of mining strategies which could minimize suspended 

sediment loads to within reported tolerance ranges of "critical" 

species is discussed. These strategies are evaluated with the aid of 

computer simulations of the dispersion of suspended sediment plumes 

resulting from point sources (mining/ processing barges) under a 

variety of sediment input loads and current regimes in different lo

cations within the Lower Bay Complex. The predicted plume dispersion 

patterns of suspended sediment concentrations are integrated into 

assessments of probable effects on organisms (from the aforementioned 

literature survey) in various areas of the Lower Bay Complex. 

BACKGROUND 

Sand deposits in the Lower Bay Com

plex of New York Harbor (Fig. 1) are 

becoming the largest single source of com

mercial sand for fill and aggregate in 

construction projects within the New York 

metropolitan area since 1961 (Schlee, 

1975; Kastens et al., 1978; Carlisle and 

Wallace, 1978). According to the New 

York State Office of General Services 

(Marotta, personal communication) and cal

culations from bathymetric changes 

(Brinkhuis and Sanko, unpublished data), 

more than 89 million cubic yards (mcy ) 

[68 million cubic meters (mcm) l have been 

mined for com.~ercial and public works 

l 

projects between 1950 and 1975. From 1950 

to 1971, most of the sand was obtained 

from the West Bank region of the Lower 

Bay, while after 1971 mining was conducted 

principally on the East Bank (see Fig. 1). 

A review of these mining projects and 

yearly volumes of sediment removed is pre

sented in Kastens et al. (1978) and is 

summarized ir. Table 1. 

The demand for sand obtained from the 

Lower Bay Complex will likely increase in 

the near future (Carlisle and Wallace, 

1978; Court~ey et al., 1979). Based on 

current and pending construction propos

als, the demand for sand and aggregate in 

the New York metropolitan area will prob

ably exceed 8.5 mcy (6 . 5 mcm) per year 
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Table I. Estimates of Vo lume of Sediment Dredged from New York Harbor 

Co trunercia l Public Works Mining•,•• Location Maintenance Dredgingtt Year 
Mining*, •• (No Royalties) of 
(Ro yalties Miningt 

(Paid) 
Arr.brose and Chapel Hill 

Year Volume, ml (yds ') Volume, m' - (yds'l Project Volume, m' (yds') 

1950 764,600 (1,000,000) 2,610,310 (3,414,157) Newark Airport 1950 

1951 764,600 (l ,000,000) 1951 

1952 764,600 (l, 000' 000) 1952 

195 3 229,400 (300,000) 1953 

1954 229,400 (300,000) 1954 

1955 229' 400 (30(),000) 1955 

1956 229 '400 (300,000) 1956 

1957 229,400 (300,000) 206,300 (269, 800) Brooklyn Piers 1957 

1958 841,000 (1,100,000) 837,900 (l,095,900) LaGuardia/Brooklyn 
. t< ~: 1958 

Piers 
.:_• 

1959 841,000 (1.100,000 143,000 (187,000) Port Newark 1959 

1960 841,000 (1,100 , 000) 1960 : 
w 1961 841,000 (1, 100,000) 6,115,100 (7, 9 98,200) Elizabeth Piers 454,600 (594,600) 1961 

1962 841,000 (1,100,000) 115,400 (151,000) 1962 

1963 3,440,500 (4,500,000) 11, 125,60C (14,551,800) Newark Airport 240,800 (315,000) 1963 

1964 3,440,500 (4 , 500,000) 1964 

1965 261.100 (341,500) Rte. 78, N.J. 1965 

1966 l, 778,000 (2,325,500) Rte. 78, N.J. 675,900 (884,050) 636 , 400 (832,400) 1966 

1967 3,757 , 400 (4,914,400 N.J. Turnpike 1967 

1968 2,592,700 (). 391, 100) Elizabeth Piers 157,100 (218 ,< 00) .- 1968 

1969 3,402,300 (4,450,000) Arner. Export Incl. 1969 
N.J. Turnpike 

1970 727' 400 (9 5 1,400) 1,6 6 2,900 (2,175,000) Port Elizabeth 
1970 N.J. Turnpike 

A.mer . Export Ind. 

1971 3,284,100 (4,295,400 764,600 (1,000,000) Newark, N. J. , P.O. 1971 

1972 (l,540,600) (2,015,000) 4,086,200 (5 , 344,400) Port F.lizabeth 90% East Bank 1,167,300 (1,526, 779) 463,170 (605,810) 1972 
Newark, N.J. Airport 10% Chapel Hill 
Battery Park City North 
Hartz ~t. Ind. Pk 

1973 (3.321,900) (4,344,800) l,&95,20() (2,478,800 Port of ll.J. 92% East Bank 1973 
Port of Newark 6% West Bank 
Battery Park City 2% Unknown 
Bowery Bay Poll rlt . 



"" 

- -

Year 

1974 

1975 

Commr:rciel 
Mining•, •• 
(Roya lt.ies 

{PaidJ 

Volume, m' (yds 1 ) 

2,305,200 n.015, 100J 

3,821. , 800 (4,998,600) 

Table 1. !ccntint•ed) 

Public h0rks Mining*~ ** 
(No Royal ties) 

Loc~ticn 
of 

1-:ininc;t 

Volame, m' (yds 3 ) Project 

N.J. Turnpike 90\ 
Battery Pk. City 8\ 
Port of N.J. 
Bowery Bay Poll . Plant 2\ 

90\ 
10\ 

N.J. Sports CompleK 
Port of N.J. 
Bayonne Military 

Transport 
11 .. 1. Turnpike 
Battery Par~ City 

EaPt Bctnk 
Chapel Hill 
North 
Great Kill 
Ecst Bank 
Chapel Hill 
North 

Maintenance IJredginq ti· 

llmbrose and Chapel Hill 
Volume. m1 (yds 1 l 

~7'1.670 (615,619) 

Year 

1974 

1975 

TOTALS: 41,319,300~ (54,042,800) 26,836,800~ (35,100,900) 3,292,207® (4,306,048) l,092,suo® (1,429,210) 

Reported values for volumes of sand dredged before 19G5 may be too highly a factor of 2X, or more. 

From ?eter Sanko for period 1~50-1966 

Fr0m James Marotta for period 1966-1975 
t From James Marotta 

tt From John Zarrunit 

Metric equivalents were calculated from the basic data which were reported in yds'. 
The discrepancies result from rounding off. 

.. .. - .. .. , - .. .. - - - - - - .. .. -
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(Schlee, 1975; Courtney et al., 1979). 

Sand resources located on land in, or near 

New York City have dwindled in recent 

years and are expected to be depleted 

within three to five years (Sanko, person

al communication) due to competition for 

land with urban and suburban spreading and 

rising overland transportation costs. 

Overland transport from sources greater 

than 50 to 60 miles (80-95 kilometers) is 

becoming prohibitively expensive (Carlisle 

and Wallace, 1978). It has become more 

economical to mine, process, and barge 

sand from the Lower Bay Complex . 

Since 197 3 , the mining of sand from 

the Lower Bay Complex has been restricted 

due to environmental concerns raised by a 

variety of agencies and citizen groups. 

The New York State Office of General Ser

vices and the New York Sea Grant Institute 

have, accordingly , sponsored a number of 

research projects designed to determine 

resource availability and environmental 

effects associated with sand mining in the 

Lower Bay Complex. These studies include: 

1) effects on shore erosion due to 

altered bathymetry (Kinsman et al., 

1979) 

2) effects on circulation patterns 

and tida l currents and elevations due to 

altered bathymetry (Wong and Wilson, 1979) 

3) environraental descriptions (Kas

tens et al., 1978) 

4) effects of deep holes on circula

tion, water quality, and s e d iments (Swartz 

and Brinkhuis, 1 978) 

5) surficial sediment distribution 

and resource availability {Kastens et al., 

1978 ; Jones et al., 1979; Carlisle and 

Wallace, 1978 ) 

6) distribution and depth of surfi

cial sediment deposits (Bokuniewicz and 

Fray, 1979) 

7) site-specific faunal surveys in 

proposed mining sites (Brinkhuis, in 

progress) 

8) assessments of biological effects 

of sand mining on fauna a s determined from 

the literature (this report) 

5 

Until reports from all items, and espe

cially 7 and 8, are available , it is 

unlikely that agencies and citizen groups 

will alter the current restriction on sand 

mining. 

This report concerns an assessment of 

biological effects associated with sand 

mining as interpreted from existing liter

ature on biota distribution in the Lower 

Bay Complex and literature on biologi cal 

effects o f sediment mining/dredging con

ducted elsewhere. Included are additional 

observations by the author on organism 

distribution in a nd around existing mined 

holes in the Lower Bay East and West 

Banks. 

INTRODUCTION 

General Features 

The Lower Bay Complex of New York 

Harbor is an estuarine area, consisting of 

the Lower, Raritan, and Sandy Hook bays at 

the mouths of the Hudson and Raritan riv

ers (see Fig. 1). Naters of the Lower Bay 

Complex exchange and mix with 1) the 

waters of the Upper Bay of New York Harbor 

to the north through a narrow constriction 

between Brooklyn and Staten Island, called 

The Narrows and 2) the sea to the south

east through a relatively wide (-8 km) 

transverse o pening between Sandy Hook and 

Rockaway Point , often ref erred to as the 

Sandy Hook -Rocka~ay P; . Tran sect . 

The Lower Bay Complex is shallow 

(5 -2 0 m) and has an irregular submarine 

topography composed of numerous shoals, 

banks, and ship channels. These features, 

shown in Figure 1, have been described in 

detail by Fray (1969) and Kastens et al. 

(1978). On the West Bank of Ambrose Chan

nel there are three areas which were mined 

for sand prior to 1973 (Fig . 2 , Areas A, 

B, and Cl . The holes in Areas A and B 

were mined to depths of 8 to 14 m while in 

C the hole is 20 m deep. Unmined bottom 

sediment ge~erally lies between 3 and 5 m 

below the water surface. On the East Bank 
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of Ambrose Channel there is a large shoal 

which rises to within 2 to 4 m of the sur

face. There are numerous irregularly 

shaped holes 15 to 22 m deep in Area D 

which resulted from mining for sand be

tween 1973 and 1976. These past mining 

operations were authorized to a depth of 

- 15 m. Recent surveys by Brinkhuis 

(unpublished data, 1978) indicate that 

within Area D, only the shaded sectors 

still contain sand resource above the 15 m 

depth contour. In May 1978, the New York 

State Office of General Services proposed 

to explore the possibility of mining in 

Area 8 of the West Bank, near Old Orchard 

Shoal and Area F on the East Bank, adja

cent to Area D. These areas will be mined 

e xpevimentaZ Zy in computer simulations to 

determine potential effects on circulation 

patterns, current velocities, tidal eleva

tions, and shore erosion in the manner of 

Wong and Wilson (1979) and Kinsman and 

Schubel (1979). Further, faunal surveys 

of these proposed areas are in progress by 

the author. 

Ph ys ioal Ooeanography 

A number of studies have been con

ducted on circulation in the Lower Bay 

Complex and exchanges of these waters 

across The Narrows and the Sandy Hook

Rockaway Pt. Transect. Circulation in the 

Lower Bay Complex is controlled by inputs 

from the Hudson and Raritan rivers, winds, 

and tidal and nontidal flows. The tides 

in this reg ion are dominated by the semi

diurnal tide (Parsons, 1913; Schureman, 

19 34) . Tidal ranges for various locations 

in the Complex are shown in Table 2. 

Tides in the New York Bight cau•e tides in 

the New York Harbor (and Long Island 

Sound) to have different characters and 

phases from pure semi-diurnal tides 

(Marrner, 1923, 1935). 

Jeffries (1962) indicated that t~e 

net current pattern of the Raritan ana 

Lower bays produces a large counter-clock

wise gyre (Fig. 3). A persist2nt 

7 

Table 2. 1976 tidal ranges in the Lower 
Bay Complex (from Swanson, 1976) 

Tidal range (m) 

Location Mean Spring 

Sandy Hook 1. 40 l. 71 

The Narrows Hook 1. 43 1. 74 

Great Kill Harbor 1. 43 1. 74 

The Battery 1. 37 1.65 

Coney Island 1.43 1. 74 

South Amboy l. 52 l. 83 

Keyport 1. 52 1. 83 

Atlantic Highlands 1. 43 1. 74 

St. George l. 37 1. 65 

clockwise eddy off Great Kills Harbor 

(Staten Island) separates the Raritan and 

Hudson river flows (Ayers, et al., 1949) . 

Tidal current vectors for maximum ebb 

(Fig. 4) and maximum flood (Fig. 5) for 

July 1977 have been computed by Wong and 

Wilson (1979). During flood tide, higher 

salinity water enters Lower Bay between 

the Ambrose Channel and Rockaway Pt. (see 

Fig. 1), and continues in a southwesterly 

directio n along the Staten Island shore . 

Duedall et al. (1979 ) and Doyle and Wilson 

(1978) indicate that tidal and nontidal 

flows, respectively, to the east of Ambrose 

Channel enter the Lower Bay at all 

depths. Over a complete tide cycle, there 

is a net westward drift of this water mass 

due principally to nontidal flows (Doyle 

and Wilson, 1978 ) . During ebb tide, the 

lower salinity water from Sandy Hook and 

Raritan bays, diluted by freshwater input 

from ~he Raritan River, escapes around 

Sandy Hook into the New York Bight Apex 

(Fig. 6). \vate r from t .he Lower Bay, di

luted primarily by fresh water from the 

Hudson River, flows out over the Amb rose 

Channel (Ayers et al., 1949). 

Duedall et al. (1979) and Doyle and 

Wilson (1978) describe a two-layer non

tidal circulation pattern in waters to 

the west of Arrbrose Chan~el. Less saline 

water leaves the Lo-v,;er Bay near the sur

face. A tongue of more saline New York 

Bight water persists at depth in channels 
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Fig. 4: Computed tidal current vectors for existing bathymetry (NOS hydrographic chRrt No. 12327, i'Oth Ed., July 1977) for max
imum ebb at Sandy Hook. After Wor.g and Wilson (1979). 

Fig. 5: Computed tidal current vectors for existing bathymetry (NOS hydrographlc chart No. 12327, 70th Ed., July 1977) for max
imum flood at Sandy Hook. After Wong and Wiison (1979). 
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and depress ions (Figs. 7 and 8) . There is 

a net nontidal flow of this saline water 

into the Lower Bay which mixes with over

lying water by advection and turbulent 

diffusion (Kao, 1975; Doyle and Wilson, 

1978). Stewart (1958) and Abood (1974) 

further indicate that the Hudson River is 

a partially stratified estuary . Entrain

ment of saline bottom water into seaward

f lowing surface waters increases down

stream and is compensated b y upstream 

bottom currents. Nontidal density west 

of the Ambrose Channel is characteristic 

of an estuary: isopycnals slope upward 

toward Rockaway Pt., and there is consid

erable vertical stratification (Doyle and 

Wilson, 1978). Vertical stratification in 

mined holes (e .g., Area C) is especially 

p ronounced during the spring and summer 

months (Swartz and Brinkhuis, 1978). 

Water flowing into the Lower Bay near 

Rockaway Pt. is relatively homogeneous 

(Doyle and Wilson, 1978) . 

The general current patterns within 

the Lower Bay Complex are substantially 

influenced by changes in run-off volumes 

of fresh water from the Hudson and Raritan 

rivers, and strong winds (Walford, 1971). 

Because the estuary is shallow, it is sus

ceptible to wind-driven circulati on. No 

comparisons between the relative contri

butions of tidal and wind-driven circula

tion to mixing of these waters have been 

reported. However, inputs of fresh water 

from the Raritan and Hudson rivers under 

various run-off loads have been described 

by Parsons (1913), Schureman (1934), Giese 

and Barr (1967) , Carmer (1969), Busby and 

Carmer (1970), Dunn (1970) , Walford (1971), 

and Mueller et al. (1 976). A subsurface 

patch of colder less saline water (3 .5 m 

depth) occurs in parts of the Lower Bay 

near Staten Island during the summer (Bow

man and Weyl, 1972) . This patch is 

apparently formed by advection of cooler 

Hudson River water from the Ambrose Channel 

onto the shoals west of the channel by 

tidal oscillations. The tidal ·excursion 

varies from 3 . 8 to 9.6 km, depending on 

11 

location in the estuary (Walford, 1971 ) . 

A net seaward drift of 3.2 km occurs near 

Sandy Hook .during a complete tide cycle. 

Ayers et al. (1949) calculated the a v erage 

flushing time of the Lower Bay to be 8.1 

tides. Residence time in Raritan Bay is 

considerably longer--Ketchum (1951) indi

cated 32 to 42 tides while J effries ( 1962 ) 

found 60 tides were required during his 

1948 survey . 

A number of ancillary circulation 

studies have been conducted i n and near 

the Lower Bay Complex. Pritchard et al . 

(1962) investigated the movement and dif

fusion of an induced contaminant. Ketchum 

et al. (1951) reported on oceanographic 

features of the New York Bight, including 

the northern apex area, near the Lower 

Bay. Mueller et al. (1976 ) studied con

taminant input leads to the New York Bight 

through the waters of New York Harbor. 

Wong and Wilson (1979) modelled the 

effects of bathymetric changes, resulting 

from sand mining, on circulation and tidal 

amplitudes in the Lower Bay Complex. 

Swartz and Brinkhuis (1978 ) described the 

effects of existing mining ho les on oxygen 

dynamics and circulation problems on both 

sides of the Ambrose Channel. Jay and 

Bowman (1975 ) described some aspects of 

physical oceanography and water quality of 

New York Harbo r and the exchanges of pol

lutants with Long Island Sound via the 

East and Harlem rivers. Some older infor

mation on tidal currents in the New York 

Harbor has been r eported by the Metropoli

tan Sewerage Commission (1913) and the 

Interstate Sanitation Commission (194 0 ) 

Chemi c ai ?ro?er t ies of Water and Sedime nts 

Most of the studies on t he chemistry 

of Lower Bay Complex waters and sedimen t s 

resulted from pollution related concerns . 

Pollution rela ted phenomena in New York 

Harbor were extensively inv estigated by 

the Metropolitan Sewerage Commission near 

the turn of the century (1912 , 1913). 

Reeve (1922) indicated the need for 



Fig. 7: Nontidal flow at sections in Lowe1 Bay. Positive velor:ity is out of page. From Parker (1976). 
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Fig. 8: Nontidal currents normal to the Sandy Hook to Rockaway Point Transect computed for 2-7 June 1952. Positive flow is 
seaward. From Doyle and Wilson (1978). 

E 

~10 
0... 
w 
0 

15 

SANDY 
HOOK 

2 

2 

STATION NUMBER 
3 4 

(a) 

NONTIDAL CURRENTS 
NORMAL TO 
TRANSECT (ems-I) 
2-7 JUNE 1952 

® CURRENT METER 

ROCKAWAY 
POINT 

3 4 5 6 7 8 9 
DISTANCE FROM SANDY HOOK (km) 



cle~nsing Harbor waters. Phelps a~d Velz 

(1933) and Ayers et al. (1949) described 

some of the pollution problems in New York 

Barbor and adjacent waters. The Interstate 

Sanitation Commission (1959, 1960, 1972) 

produced several reports relating to sewer 

overflow impacts on New York Harbor waters. 

MytE>lka (1972) reported that some reavy me

tals occurred in high concentrations in 

sewage and waste water released from treat

ment plants in the New York metropolitan 

area. O'Conner (1962, 1971) also described 

organic pollution problems resulting from 

improper se·wage treatment in the New York 

area·. Ingram and Mitwa::.ly (1966), Suskowski 

(19 73), and Ketchum (1974), recently sum

marized the nistory of sewage pollution 

p~oblems in New York Harbor waters. 

Naturally, pollution of New York Harbor 

has had significant impacts on the waters of 

the L".lwer Bay Complex, which is not to say 

i:hat inputs from the Harbor are the rwst 

important in terms of effects on water qual

ity in the Lower Bay Complex. Indeed, much 

of the input via Hudson River flow is trans

ported out to sea due to the patterns of 

circulation !see Ph~sica Z Oceanography). 

It appears that much of the deteriorated 

water and sedirr.ent chemical character of the 

Lower Bay Complex stems from inputs into 

Raritan Bay. Jeffries Cl962) descriLed 

environmental ch~racteristics of Raritan Bay 

and indicated that mfny of its pollution 

problems also stemmed from sewage inputs via 

the Raritan River and treat:nent plants along 

the north Jersey and Staten Island shores. 

Clark (1963) and deFalco 11967) similarly 

described pollution characteristics of 

Raritan Ray and adjacent waters, including 

portions of the Lower and Sandy Hool<; bays. 

Gross (1970, 1972) analyzed dredge wastes 

and waste so:ids with respect to chemical 

composition. Searl et al. (1977) reported 

that the highest extractable organics and 

nonvolatile hydrocarbon conc~ntrations 

occurred in New York Harbor waters, with 

lower concentrations occurring near Ambrose 

Channel. They suggest that much of the hy

drocarbon in water is adsorbed onto particu-

14 

late material which seLtles out in deeper 

areas c:f ~he Lower Bay. 

One net imp~ct of sewage inputs into 

the Lower Bay Complex is to provide an ex

ctos s of ammonium which in turn supports phy

toplankton biomass (Garside et al., 1976) 

during seasonal blooms. These blooms may in 

turn result in water column oxygen deficien

cies in localized areas at certain times of 

the year (Swartz and Brinkhuis, 1978). 

O'Connors and Duedall (1975 ) and Parker et 

al. (1976a,b) indicated that there is a con

siderable ammonium and chlorophyll flux from 

the Lower Bay Complex across the Sandy Hook

Rockaway Pt. Transect into the New York 

Bight hpex. O'Connors and Duedall (1975) 

indicate the major source of this arrunonium 

is sewage effluent from the New York metro

politan area. Mahoney and McLaughlin (1977) 

associated phytoflagellate blooms with hy

pertrophication of Lower Bay waters. 

Carmody et al . (1973) and Alexander et 

al. (1978) reported on trace metals in sedi

ments of the New York Bight and waters from 

the southern portions of the Lower Bay Com

plex. Lentsch et al. (1971), Hal'!U"lond et al. 

(1975), Jinks and Wrenn (1975) and Sinpson 

et al. ( l 97 ) described studies on radio

nuclide distribution and sediment/water 

interactions in the Hudson estuary. Grieg 

and ~c~rath (1Q77) and ~aldhauer et al. 

(J.978) described trace metals in sediments 

and waters of Raritan Bay, respectively. 

Figures 9 and 10 indicate sampling stations 

of these r&spective studies. Seeliger and 

Edwards (1977) indicated that there was a 

high correlation between water column copper 

and leao concentrations and benthic algae in 

Raritan Bay, and that these metals in sea

weeds were present in the highest concentra

tions reported to date. Generally, metal 

concentrations in water, sediment, and sea

weed are highest at the western end of 

Raritan B~y. Lead and copper concentra

tions in water and s ed iment remain high in 

the center of the Lower Bay Complex in a 

band to the south of the Raritan Bay Reach 

Channel. Water and sediment to the north 

on the \~est Bank had lower concentrations. 
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Fig. 9: Stations sampled by Grieg and McGrath (1977) for trace metJI conte~t in surface sediments. After Grieg and McGrath (1977). 

05' 74° 73°55' 

35' 

ROCKAWAY PT. 

40° 

·.:: ... 

0 2 3 4N.M. NEW JERSEY 25' 

1000 0 5000Yds. 

Fig. 10: Stations sampled by Walchauer et al. (1978) for trace metal content in waters of the Lower Bay Complex. After Waldhauer 
et al. (1978). 
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Waters in Sandy Hook Bay had low, while 

sediments had high, metal concentrations. 

Regions on the East Bank had the lowest 

metal concentrations in the area. 

Sediment Resources 

The nature of sediment quality in tne 

Lower Bay Complex has been reported by 

several investigators. Fray (1969) com

piled data from a large number of surfi

cial sediment samples reported by Dean and 

Haskin (1964), Nagle (1967), McMaster 

(1954), Taney (1961), and Woodward-Clyde 

(1975a). Kastens et al. (1978) included 

the above data along with a report on sed

iment quality in 48 samples collected 

during their study. Jones et al. (1979) 

described the textural properties of sur

ficial sediments based on samples 

collected during their study and those 

reported by Kastens et al. (1978). The 

report by Jones et al. (1979) also 

includes 50 samples obtained by Brinkhuis 

o;1 the East and West Banks, in and around 

dredged holes. The report presents a 

textural property map of sediments. 

Bokuniewicz and Fray (1979) prepared an 

updated version of the surfici~l sediment 

textucal property map, and identified 

probable thicknesses cf deposits that were 

surveyed by subbottom profiling. 

Figure 11 presents the textural 

property index map produced by Bokuniewicz 

and Fray (1979). Table 3 identifies each 

of the deposits numbered in this figure 

with the type of sediments in the Lower 

Bay area. Other areas shown in the Lower 

Bay Complex were identified by Dean and 

Haskin (1964). Several points of interest 

may be noted. Deposits XII, XIII, and XVI 

represent locations A, B, and C from 

Swartz and Brinkhuis (1978)--see Figure 2. 

These are dredged holes on the West Bank 

that have filled in with mud since the 

ti;ne they wer.e dredged (1966-1972) to a 

depth of 8 to 13 m. An ove~lying layer of 

mud up to 90 cm thick was indicated by 

core samples collected by Brinkhuis and 
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Bokuniewicz (unpublished data). On the 

East Bank, Area IX represents the location 

of mining in that location ID in Fig. 2). 

Less ;;-iud bas .~1ccumulated in holes on the 

East Bank, as noted by Swartz and Brink

huis ( 1978 ) . The different.=e in accumula

tion of mud on either Bank may be 

attributed to ~ifferent circulation 

patterns. ~est Bank sites apparently 

receive more suspended material from the 

Hudson and Raritan rivers--material that 

is more easily deposited due to the tem

pered current velocities in the shallow 

waters of the West Bank and the effect 

that holes have in further reducing cur

rent velocities (Wong and Wilson, 1979 ) 

On the East Bank, circulation is more 

vigorous, keeping fine materials in 

suspension . 

The majority of Hudson River flow 

bearing suspended material flows into 

Lower Bay on the west of Ambrose Channel. 

Figure 12 depicts the idealized sediment 

transport in the Lower Bay Complex as 

described by Fray (1969 ) . 

Generally, surficial sediments o n the 

East Bank are coarser than material on the 

West Bank. Bokuniewicz and Fray ( 1979 ) 

icdicate tha t the thickness of deposits 

varies considerably thr.oughout the region. 

Thickness of deposits, determined by sub

bottcm profiling and bore-hole data, are 

included in Table 3. Estimated volumes of 

deposits in each of the areas for which 

profiling and bore-hole data were avail

able are also shown in Table 3. Deposits 

on the East Bank are between 9 and 13 m 

deep whil e those on the West Bank of 

Ambrose Channel are deeper, up to 25 m. 

Deposits of I.ewer Bay Sands south of 

Staten Island are about 8 m thick . Most 

of the surface deposits consist of fine to 

mediQm sand, with occasional patches cf 

very fine or coarse material. Only for 

areas where bore-hole data are available 

can reliable estimates o f exploitable 

resource material be made. Subbottom pro

filing alone can not describe the nature 

of particle sizes in subbottom deposits; 
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Fig. 11: Surficial sediment deposits described by Jones et al. (1979) and Bokuniewicz and Fray (1979). 
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Table 3. Identification of deposits keyed in Figure 11 with surface sediment type, grain size, areal extent 
of deposit, thickness of deposit, and estf1«oted volume rf.tom Jones et al. (1979) and Bokuniewicz and Fray 
(1979)]. Note: Asterisk (*) in~icates insufficient data to calculate parameter. 
--------------- -----------· 

Deposit 

I 

II 

III 

IV 

V<! 

Vb 

VI a 

VIb 

VII 

VIII 

IX 

x 
XI 

XII 

XIII 

XIV 

xv 
XVI 

XVII 

XVIII 

XIX 

xxa 
XXb 

XXI 

XX1I 

-

'fype 

medium sand 

fine sand 

fine sand 

coarse-very coarse sand 

r.1edi um sand 

medium sane:: 

fine sand 

very fjne-medium sand 

very fir.e sand 

fine sand 

fine sand and mud 

fine-medium sand 

fine sand 

very fine sand-mud 

mnd 

medium sand 

fine-very fine sand 

veiy fine sand-mud 

medium sand 

mud-shell 

medium sand 

mud, shell , medium sand 

mud, shell, fine sand 

me<lium-very coarse sand 

mediu:n sand 

- - - -

Grain-size 
range 
(mm) 

0.258-0.392 

0.043-0.268 

0.157-0.245 

0.441-0.986 

0.281-0.412 

0.261-0.466 

0-143-0.304 

0.158-0.669 

0 .102-0 .116 

0.128-0.337 

0.053-0.426 

0.156-0.376 

0.154-0.235 

0.008-0.236 

0.005-0.039 

0.3]0-0.460 

0.110-0.182 

0.005-0 .162 

0.218-0.316 

* 
0.270-0.521 

* 
* 

0.361-1.000 

0.274-0.438 

- -

Av. median 
cha. (r.im) 

0.314 

0.185 

0.201 

0 . 875 

0.362 

0.372 

0.178 

0.273 

0.112 

0 .173 

0.227 

0.257 

0.189 

0.068 

0.029 

0.389 

0 .133 

0.055 

0.298 

* 
0.340 

* 
* 

0.738 

0.354 

Area 
(km 2 ) 

10.9 

12.0 

5.1 

4. 86 

* 
* 
* 
* 
* 

5.8 

5. 8 

2 .3 

* 
* 
* 

4.0 

* 
10.2 

4.2 

7 .0 

* 
6.9 

12.0 

140.2 

- - -

Thick- Bore-hole 
ness Volume data 
(ml (xl0 6 

• rn 3
) available'? 

11.0 119.3 yes 

11.0 131.8 no 

12.2 61.7 yes 

* 
9.1 

.. 
* 
* 
* 
* 

13. 4 

9.1 

9.1 

* 
* 
* 

24,l 

* 
18.3 

19.5 

15.9 

* 
4 B. 8 · 

2.4 

42.7 

-

44.2 

* 
* 
* 
* 
* 

77.0 

52.5 

21. 0 

* 
*' 
* 

97.5 

* 
185.9 

80.9 

110. 7 

* 
335. 7 

28.9 

598.4 

- -

yes 

no 

no 

no 

no 

f'lO 

no 

no 

no 

no 

no 

no 

no 

no 

:1() 

yes 

no 

yes 

yes 

no 

yes 

yes 

- - -



- - - - - - - - - - - - - - - - - - -
Table 3 - continued 

Grain-size Thick- Bore-hole range Av. median Area ness Volume data 
Deposit Type (mm) dia. (mm) (km 2

) (m) (xl0 6 m3) 
available? 

XXIII fine sand 0.102-0.230 0.176 2.1 42•. 7 88.1 yes 

XXIV rnedium sand 0.171-0.669 0.428 * * * no 

xxv coarse sand 0. 525-1.117 0.730 * * * no 

Lower 
Ba~, fine-medium sand * * 52.l 7.9 413 .1 yes 
Sands 

I<eansbury 
Sands fine sands * * 35.7 6.1 217.5 yes 

Ward Pt. fine-medium sand * * 5. 38 4.0 23.l Sands yes 
f-' 
\!) 

I --~~. 
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however, it can be helpful in determining 

thickness of sediments as a whole. 

DISTRIBUTION AND ABUNDANCE OF ORGANISMS 

Phy t .::iplankton 

A number of studies has been con

ducted on phyto plankton distribution, 

abundance, and productivity in the Lower 

Bay Complex. (Patten (1959, 1961, 1962) 

conducted d e tailed investigations on 

species composition and diversity of the 

phy toplankton community in Raritan Bay and 

adjacent Lower Bay waters. McCarthy 

(1965) conducted a follow-up study of 

phytoplankton in Raritan Bay . Kawamura 

(1966) reported on phytoplankton distri

bution in Sandy Hook Bay and adjacent 

waters. O'Reilly et al. (1976 ) and Malone 

(1976) reported on annual productivity in 

the Lower Bay Complex and t h e New York 

Bight Apex, respectively . Mahoney and 

McLaughlin (1977, 1979) inv estigated phy

toflagellate blooms in the Lower Bay 

Complex. 

A list of the more common phytoplank 

ton reported in the Lower Bay Complex (by 

s eason) is presented in Table 4. Patten 

(1962) indicate d that div ersity increased 

downbay in association with d i minishing 

pollution and that the spatial distribu

tion was strongly correlated with general 

patterns of water mass circulation. Most 

of the species listed in Table 4 were 

reported b y Patten (1962). Diatoms 

(mainly Skeletonema co s tatum ) dominated 

the cold-water flows while dinoflagellates 

a nd Nannoohl ori s atomu s were dominant 

d uring warmer seasons. The s ummer and 

early fall wer e dominated by other nanno 

p lankto nic fl agellate s as well. Patten 

(196 2) indicates that, based o n redundancy 

and diversity indices, Raritan Bay at that 

time was a g enerally poor quality 

ecosystem. 

Productivity studies by O 'Reilly e~ 

a l. (19 76) indicated that phyto plankto n 

were highly c o nc entrate d during the swnmer 

21 

and spa~se durinq late f all and early 

winter. s b e s p ite a t h in euphotic lay er 

(2.3-6 m) resulting from t e rrigenous-, 

sewage-, and phytoplankton-derived sources 

of parti culate matter, the annual primary 

production i n tha Lower Bay is 817 g 

C/ m2 / yr (O'Reilly et al., 197 6). This 

annual val u e is ar.1ong the highest repo rted 

for estuarine regions. Na n noplankton and 

netplankton accounted for approximately 

67 and 20 % o f annual plant production, 

respec tively. This hig h productivi t y is 

supported b y sewage nutrien t inputs (pri 

marily ammo nium) and is principallv light

limi ted. During the s ummer months of h i g h 

product ivity , ammoniwn reg e n eration in the 

water col wnn and from sediments further 

supplements p h y toplankton d emand (Malone, 

1976) . At no time did production appear 

nitrogen-limited, in contrast to Ry ther 

and Dunstan's (1971 ) fi nding s in other 

coastal New York waters. Kawamura ( 19 66 ) 

reported that phytoplankton productivity 

in Sandy Hook Bay is modera t e. Patten's 

(1962) phy toplankton productivity figures 

indicate t hat Raritan Bay has high p r o 

duction . Garside et al. (19 76) f o und t h a t 

much of t he nutrient inpu t to Raritan Ba y 

is conswned by the hig h p r o ductivity o f 

phy top lankt on. Studies by Mahoney a nd 

McLaughlin (1977, 1979 ) indicate that 

cyclic b loo ms of phy tof l a g e llates and 

other phy t o plankton are t h e result of 

interactions between salini t y, nutrients , 

and specie s specific growth ability . Th e 

do minant species a ppear to be unc hang ed 

over a per i od of 20 y ears o f study . 

Zo oplankton 

Re l ati vely few stud ies h a v e r eported 

zooplank ton o bse rvatio ns in t he Lo wer Bay 

Complex. Reports b y Jeffries (1959, 1962 , 

1964) and Yamazi ( 1966 ) indicate that zo o

plankton populations in the Lower Bay 

Complex are similar to othe r protected 

estuaries along the east coast of the 

United Sta tes. Two genera of cop e pods, 

Aoartia a n d Eu? ytemora , dominate t he 
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Table 4. Phytoplankton species cf Lower Bay Complex 

Time of Year 

Constants 

(Year round) 

Ve rnal-serotinal 

(Spring-lat:e s ummer ) 

Serotinal 

(Late summer) 

11.i.emal 

(Winter) 

- - -

Specif!s 

Co scindiscus as t eromphal us 

Coscindis ~us s ubtilis 

Lithode s mium undulatum 

Skeleton~ma aostatum 

Thalassi os ira gravid~ 

Chaetocevos decipiens 

Gyros igma aauminatum 

Asterionel la japonica 

Phaeodacty lum t 1•ico rn1.1tum 

Leptocylind~us danicus 

Ce ratau lina be•gonii 

Ceratiu m l0ngipes 

Nannochloris atcmus 

Proro centrum miaans 

Peridinium trochoide~m 

Peridinium breve 

Peridinium divaricatum 

Nitzschia seriata 

Leptocylindricus danieus 

Rhizoso len ia setigera 

Rhi zosolenia imb ri cata 

Rhizo~oleni~ alota 

- - - -

Type 

Diatom 

Diat.OlP 

Diatom 

Di;:itom 

Di.atom 

Diatom 

Diatom 

Diatom 

Diatom 

Diatom 

Diatom 

Diatom 

Green alga 

Dinoflagellate 

Dinoflagellate 

Dinoflagellate 

Di noflagellate 

Diatom 

Diatom 

Diatom 

Diatom 

Di at.om 

- -

Repo rted by 

Patten, 1961, 1962 

Patten, 1961, 1962 

Patten, 1961, 1962 

Patten, 1961, 1962; McC a rthy 
1965 

Patten , 1 9 61, 1962 

Patten , 1961, 19 62 

Patten, 1961, 1962 

Malone, 1976 

Malone, 1976 

Malone, 1976 

Malone, 1976 

r1alone, 1976 

Patten, 1961, 1962 

Patten, 1961, 1962; 
Mahoney and McLaughlin, 1977 

Patten, 1961, 1962 

Patten, 1961, 1962 

Patten, 1961, 1952 

Patten, 1961, 1962 

Fatte n, 1961, 1962 

Patten, 1961, 1962 

Fatten , 1961, 1962 

Patten , 1961, 1962 

- - - - - - -
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Table 4 - continued 

Time of y e ar 

Ae stival 

(Early summe r ) 

Autumnal 

- - - -
Speci e s 

Rhiaos o l enia delicat ula 

Aste r ionella japonica 

Thalass i onema nitaschioide s 

Guinardia flacciJa 

Melosira l:!ulc a ta 

Ac t i noptych us undu latu s 

Tropi don ei s Zepidoptera 

Goniaulax sp. 

Hhodomc nas minuta 

Olisthodiscus Zeuteus 

Massartia r>o tundata 

Eutreptia sp. 

Pyramimonas sp. 

Ox yr>rh is mar>ina 

RhiaoseZenia f aeroense 

- - - - - -
Type 

Diatom 

Diatom 

Diatom 

Di a tom 

Diatom 

Diatom 

Diatom 

Dinof lagellat.e 

Red flagellate 

Diatom 

Dinofla<Jellate 

Green flagellate 

Green flagellate 

Oinoflagellate 

Diato m 

Re ported by 

O 'Reilly, 1976 

Patten, 1961, 1962 

Patten, 1961, 19 6 2 

Patten, 1961, 1962 

Patten , 1961, 1962 

Patten, 1961, 1962 

Patten, 1961, 1962 

Pa tten, 1961, 1962 

O ' Rei lly, e t al. , 1976 

Mahoney a nd McLaughlin, 

Patten, 1961, 1962 
Mahoney and McLaughlin, 

Malone, 1976 

Malone, 1976 

Patte n, 1961, 1962 

Malone , 1976 

- - -

1977 

1977 



zooplankton record. Table 5 lists the 

taxa of zooplankton reported during vari-

cus seasons i n the Lower Bay Comple x. It 

may be noted that many meroplanktonic lar

vae of o~her invertebrates are founJ in 

zooplankton during the spring and summer. 

At times, these larval forms may dominate 

the record. 

Two species of Ac artia are t .he mcst 

co:n."llon copepods found in the Bay . .4car tia 

c Zausii dominates in the winter and is 

gradually replaced by A. tonsa during the 

summer. During the winter-spring transi

tion, two species of Eurytemora in2rease 

in abundance, E. ame r :'..c ana and "' 

hi r u ndoide s (Jeffries, 1959 ) . Jeffries 

(]959) linked an increase in Ps eudo-

di~p tomu a cor o natus in Raritan Bay over 

previous years to a reduction in sewaqe 

effluent in the Bay. 

hzv e:r> t ebra tes 

Overview 

A fairly complete inventory of inver

tebrate infauna and epifauna identified in 

the following studies, including work in 

progress by the author, is presented in 

Table 6. Species are listed with their 

phylogenetic identities according to the 

scheme presented by Gessner (1971). Spe

cies collected thus far in a benthic 

survey south of Fire Island, New York 

[Coal Waste Artificial Reef Project 

(CWAR~J ] by investigators at thA Marine 

Sciences Research Center, State University 

of New York (S.U.N.Y.) at Stony Brook are 

included for comparison purposes. 

Approximately 180 invertebrate taxa 

have been reporced for the waters o f the 

Lower Bay Complex, including only the one 

transect l i ne ( A ) described by Steimle and 

Stone (1967), that lies o~ the East Bank. 

Pearce (1974) reported only 78 taxa. The 

number of taxa found at any cne station 

varies considerably, as well as between 

bays. The time of year samples are col

lected accounts for further differences 

between and within studies [e.g., Steim:e 

24 

and S tone (1973) - AppenC:ix 'l'able 7]. 

Differences in sampling techniques bGtween 

studies also account for discrepancies in 

species commonly found in the area. Fo r 

example, Dean (1975) reported few species 

and nun1bers of gamrnarid Amphipoda. This 

might be attributed to his use of 1.5 mm 

screens as opposed to finer meshes used by 

others who reported greater numbers of 

species and abundance. The number of taxa 

found in any one study is typ i cally 10 to 

35 at the more productiv e stations. How

ever, in many locations investigators have 

r~ported very few species or numbers of 

o:::-ganisms. 

Walford (1971) Studv 

Walford (1971) found a total of 31 

taxa in his study of eight Lower, Raritan, 

and Sandy Hook bay quantitative stations 

(see Fig. 13). The most diverse and dense 

community was found 400 yards northeast of 

Swinburne Island, where 19 taxa were found 

at his Station 38 in two sample3 obtained 

by an 0.1 m2 Smith-Mcintyre grab. The 

smallest standing crop was found at Sta

tion 10, immediately east of the Chapel 

Hill North Channel, represented by three 

species ( Ce Pebra~ u lu s sp., Neph t ys in~i sa , 

and Pa cti naria gouZ dii ) and three animals. 

Low di.versity and density were ascribed to 

dredging and shipping activity. The area 

s e diments were coarse sands and gravel. A 

total of five taxa was found at Station 

12, two miles scuth of Station 10. This 

station was also characterized by shoaling 

coarse sediments. Stations 2, 5, 6, and 

21 were located west of 10, 12, and 38 in 

12 to 15 feet of water. Walford found 

that the sand-mud sediments at these sta

tions supported a less diversified fauna. 

Sta~ion 2 had the least biomass and diver

sity of any stations sited o~ sand-mud 

sediments. The last station de~cribed in 

the text, 27, was located in the center of 

Lower Bay in water 23 feet deep. The 

3ediments had mor.e fi~e mud and exposed 

mussel shell. Walford concluded that the 

fauna in the Lower Bay was impoverished, 

citing as one e xample the number of. 

I 
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Table 5. Zooplankton reported in waters of the Lower Bay Complex 

Taxon 

Copepod 

Aoartia clausi 
Acartia tonsa 
Eurytemora americana 
Eurytemora hirundoides 
Pseudodiaptomas coronatus 
Temora longicor-nis 
Temora stylifera 
Tortanus discaudatus 
Cent rop age s typicus 
Centropage s hematus 
Labidocera aestiva 
Cithona bervicornis 
Cithone simi Zi s 
Pseudocalanus minutus 
Paracalanus crassirrotris 
Calanus finmarchius 

Polychaeta 

Po lydora spp. 
Nerinides agilis 
.Ve reis spp. 
Sabellaria spp. 

Mollusca 

Mercenaria mercenaria 
Mya are naria 
Nassa spp. 

Crustacea 

i3alanus ebul'neus 
Balanus improvisus 
Cal Zinectes sapidus 
Cancer so. 
Carcinid~s maenas 
Crangon septemspinosa 
Eurypanopeus depressus 
Neopanope texan a 
Pagurus longical'pus 
Panopeus herbstii 
Uca sp. 

25 

Seasonal occurrence 

Winter-spring 
Summer-fall 
Winter-spring 
Spring 
~Vin ter-spring 
Winter-spring 
Winter-spring 
Winter-spring 
Winter-spring 
Winter-spring 
Winter-spring 
Winter-spring 
Winter-spring 
Winter-spring 
Winter-spri::g 
Winter-spring 

Summer 
Summer 
Summer 
Summer 

Summer 
Spring-summer 
Summer 

Summer 
Summer 
Summer 
Surnrr,er 
Summer 
Summer 
Summer 
Summer 
Summer 
Sum."ller 
Summer 
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Table 6. Invertebrate tax a found in Lower Bay Complex and adjacent I 
waters. 
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~axon a b c d e f g h i 

I 
I 
I 

P. Cnidaria (Coelenterates ) 

c. Hydrozoa x I 
o. Athecata 

F. Tubulari idae 
TubuiaPic. sp. x I 

F. I'ennad.idae 
Pennc:ria tia."f'ella h I 

F. Hydractiniidae 
H.vdractini -:; echinata x x x x 

o. 'I'hecata I 
F. Campanularida.e 

ObeZia sp. x 

c. An thozoa I 
o. Actiniaria 

F. Sagartidac 
S-:zgartia mode s t a x x I 

F . Metridiidae 
Ne tridiu rrt senile x x x x x I 

I 
I 

2 6 
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Table 6 - continued 

Ta xon a b c d e f g h i 

I 0 . Ceriantha ria 
Ce l'ian the ops is ar.:ericanus x x 

P. Platyhelminthes (Flatwor!Tis) 

I c. Turbellaria 
unidentif. spp. x x x 

I 
P. Rhynchocoela (Nermertean Worms) 

unidentif. spp. x x x x x x 

c. Anopla 

I 0 . Paleonemertea 

F. Cephalothricidae 
Pl'ocaphalothl'i .c spil'alis x 

I o. Heteronemertea 

F. Lineidae 
Zygeupolia l'ub ens x 

I MicI'ul'a Zeidy i x 

c. Enopla 

I 
0 . Hoplonemerte a 

unidentif. spp. x 

P. Aschelminthes {Pseudocoele nterates) 

I 
c. Nematod a 

·c1nide ntif. spp. x x x x x x 

P. Annelida (Segmented Worms) 

I c. Oligochae t a 
unidentif. spp. x x x x x 

c. Po l ychaeta 

I 0 . Ph y llod oc i d a 

f. Phy llod ocidae 
Eteone lac tea x x 

I Eteone flava x x 
Eteona hetel'opoda x 
Eur.:ida sanguine a x x x x x 
Pal'a naitis ko s teriensis x 

I 
Paranaitis speciosa x x 

I 
I n 

I 
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Table 6 - continue d I 
To.xon a b c d e f g h i 

I Pnyllodoce mucosa x x 
Phy l Zoco c e gr cenlandica x 
Eulalia vi r~ d[s x x x x 

I F. Polynoidae 
Ha:t>moch oe e x ten ua t a x x x x x 
H aNw th oe imb r> icata x x x 
I,epidonot us s quama t us x x x x 

I F. Sigalionidae 
StheneZais limicola x x x 
Sigalio~ a:t>en·i co la x x x 

F. Glyceridae I Glycera di bro.nchi.ata x x x x x 
Glycera americana x x x x x 
Gly cera ca?i t ata x x 

I F. Goniadidae 
Goniade l l a gracili s x x x 
Goniadia maculata x 

F. Nephtyidae I Aglao:ph amu s cdY·cinata x 
Nephty s buce:ra x x x x 
!leph ty.s inciso. x x x x x x 

I ileph t y s pi ct a x x x x 
.Vephtys c ae:Ja x 

F. Syllidae 
A uto l. y ~us c c :t> nu tu s x x x x I Ex ogon t: sp. x x 

F. Hesionidae 
Podarke o b s c: u.r a x 

I F. i'lereidae 
Nerei s acum·inata x 
lle Y'e i s grayi x x 
Ner e i s pelagica x x x I lie r e i s s uccinea x x x x 
NeI'eis vi ran s x x 
Nereis spp. x x x x x 

0. Capitellida I F. Capi tellidae 
li e te romas tu s f i Z.i f ormi s x x 
Cap iteZla co pitata x x x I 

I 
I 

~ " ..: c ... 

I 
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I Table 6 - continued 

Taxon a b c d e f g h i 

I F. Scalibregmidae 
Scalebregma infZatum x x 

I 
F. Maldanidae 

Clymenella torquatc:. x 
Clymene lia zonata ~-

I 
F. Opheliidae 

Ammotrypane aulogaster x 
Ophelia bicornis x x 
Opheli a denticulat:i x 
Travis i a earn ea x x 

I o. Spionida 

F. Spionidae 
Polydora li an i x x x x )C x 

I Po lydora ciZiat a x 
Polydora sp. x x x x x 
Prionos pi o malmgreni x 
Scolelepis squamata x x x x x 

I 
Scalecolepides viridis x x 
Spio fi licor·nis x x x x 
Spio setosa x x x x x 
Spiophanes bombyx x x x x x x x 
Streb losp i o benedicti x x x 

I F. Paraonidae 
Aricidea suecica x x 
Paraonis Zy ra x 

I F. Chaetopteridae 
Chae top terus variopedatus x 

F. Sabellariidae 

I Sabe ll aria vulga:f'is x x x x 

0. Eunicida 

I 
F. Onuphidae 

Di opa tra cup?>ea x x x 
On uphis eremita x 

F. Lwnbrinereidae 

I Lumbr>ineris fraqilis x x x x x 
Lurnbrineris impatiens x 

I 
I 
I 
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Table .6 - continued I 
Taxon a b c d e f g h i 

Lumbrineris tenuis x x x x I Lumbr>irer>is acuta x 
Lumbr>ineris br>evipes x 
."linoe nigripes x 

I F. A.rabellidae 
Dr>i loner>eis long a x x x 
Notocirrus spinifer>us x 

o. Magelonida I 
F. Magelonidae 

Mage lone; rose a x x x x 

I o. Ariciida 

F. Orbiniidae 
Or>binia ornata x x I Or>binia swani x 
Scolor;los r>obustus x x x x 
ScolopZos fraai lis x 
Scoloplos armiger' x 

I o. Cirratt.:lida 

F. Cirratulidae 
C1'.rr>atulus gr>andis x x x x 

I Cir>ratul1u: cir1')atus x 
Thar>vx acutus x x x x x x 
Dode~aceri::r. coral ii x 

0 .. Terebellida I P. Pectin.:iriidae 
Pect-lnar--::a hyperborea x 
Pectinaria gouldii x x x x x 

I F. Ampharetidae 
Ampharete arctica x x 
Asabe l Zides oculata x x x x x x 
Amvh1:eteis gunnePi x I F. Terebellidae 
Nicoi..ea venus tu la x 
Polyc·irt>us phosrhoPeus x x x 

I Polycir'rus eximius x 

0. Flabelligerida 
Pheruso. affinis x x x x x 

I 
I 
I 

30 

I 



I 
I 
I 
I 

Table 6 - continued 

Ta xon a b c d e f g h i 

I o. Sabellida 

F. Sabellidae 
Sabella micr>ophthalama x 

I Euahone ~·ub :r>oci ncr:a x 
Potami lla ren i f orimis x 

F. Serpulidae 

I 
Hydr>oides dianthus x x 
Pr>otula tubula r> ia x 

P . Arthropoda (Crustaceans ) 

I Sp. Chelicerata 

c. Merostomata 

I 
0. Xiphosurida 

F. Limulidae 
LimuZus polyphemua x x x x 

I Sp. Mandibulata 

c. Crustacea 

I 
Sc. Cirrepedia 

o. Thoracica 

So. Balanomorpha 

I F. Balanidae 
aalanus e bur>neus x 
Balanus cr>enatus x 
Ba Zan us impr>ovis us x x x x 

I Sc . Malacostraca 

so. Peracarida 

I 0. Cumacea 

F. Bodotriidae 

I 
Leptocuma minor> x x x x 

I 
I 
I 
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Table 6 - continued I 
Taxon a b c d e f g h i 

I F. Diastylidae 
D-Las ty Z?:s polita x x x 
Dias J;y li s sculpta x x 

I Oxyuros ty Zi i; sm·Zthi x x 

o. 'l'anaidacea 

F. Parat1maidae 

I Lept(Jch eli a .fi Zum x x x x 

o. Isopoda 

So. Anth~tridea I F. Anthuridae 
C!:fc.thura p o Zita x x x x 

So. F'labelJ ifera I 
F. Ciro.l::midae 

Cirolana aor.charum x x 

I So. Valvifera 

F. Idoteidae 
Ch•~Y'ido tea coeca x 

I Ch 1:Pidotea tufts i y x x 
Edotea tri Zoba x x x x 

0 . Am?h.ipoda 

I So. Gammaridea 

F. Ampeliscidae 
Ampe li·s ca 

I >:iacroce pha Z a x x 
Ar.1p e l is ca i:adorum x 
Byl>Zi s serrata x 

F. Aoridae I Mi ar>odeutopos 
p ·yllotalpa x 

F. Corophiidae 

I Corophium 
tl.'berculatum >: x 

I 
I 
I 
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I Table 6 - continued 

I 
Taxon a b c d e f g h i 

UnaioZa serra ta x x x x x 
Unaiola irrorata x x x x 

I F. Garrunaridae 
EZasmopus iaevis x x x x 
Gammarus muaronatus x x 
Gammarus annulatus x x 

I Gamnarus oaeaniaus x 

F. Haustoriidae 
Bathyporei a 

I 
quoddyensis x x x 

Bathyporeia parkeri x 
Pro tohaus tori us 

deiahmannae x x x x x x 
Pro tohaus tori us 

I wigZeyi x x x x 
Parahaus tori us 

attenuatis x x x x 
Parahaustorius 

I 
hoZmesi x x x 

Parahaus tori us 
Zongim'!!rus x x x x x 

Aaanthohaustorius 
intermedius x x x 

I 
Aaanthohaustorius 

rniZZsi x x x x x 
Aaanthohaustorius 

spinosus x x 

I 
Pseudohaus tori us 

borealis x 
Pseudohaustorius 

aaroZiniensis x 

I 
F. Ischyrocerida 

Isahyroaeros 
anguipe s x x 

J assa fa. Zaa ta x x x x 

I F. Lill j eborgi idae 
Lis tri c Z Za sp. x 

F. Lysianassidae 

I 
Tnetonux nobilis x 
Hippom~don serratus x 
An on y x ZiZZjebo r gi x x 

I 
I 
I 
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Table 6 - continued I 
Taxo:i a b c d e f g h i 

I F. Oed icero-cidae 
i'1onocitZodes 

eJwardsi x x 

F. Pho1:idae I Pho tis r~acr>ocoxa x x 
Podocer>op.si s nitida x 
Lepto:Jheir>i s pinguiz x 

I F. Phoxocephalidae 
Phoxo~evhaZus 

tzGlbCll li x x 
?ar>a??f:oxus I s i:-inosus x x x x 
Tr·i e hophoxus 

epist omus x x x x x x 

F. St€nothoidae I Stenothoe cypr>is x 
Ster>..othoe minuta x x 

o. Caprellidea I F. Capreollidae 
Ae~;ine Z la spinosa x 

J . Mysidacea I 
F. Mysidae 

Neomysia amer>icana x x x 
Hgte r amysis for>mo:~o. x x I Mys is m.Z.:rta x x 

so. Eucarida 

0. Decapoda I Io. Caride a 

F. Crangonidae I C1•anaon 
septemspinosc: x x x x x x x x 

Io. Astacidea 

I F. Nephropsidae 
Homal'us amer>icanus x 

I 
I 
I 
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.I Table 6 - continued 

Taxon a b c d e f g h i 

I Io. Anomura 

SF. Paguroidea 

I F. Paguridae 
Pagurus 

Zongicarpus x x 
Pa gurus 

I poZZicaris x x x x x x 

Io. Brachyura 

I 
s. Oxyrhyncha 

F. Majidae 
Libinia 

emar>Jinata x x x x 

I s. Cancridea 

F. Cancridae 

I 
Cancer irroratus x x x x x x x 
Cancer boreaZis x 

s. Brachyrhyncha 
Carcinus maenas x 

I OvaZioes oceZZatus x x x x x x 
Ca Z Zinectes sapidus x x x x 

F. Xanthiidae 
Panopeus herbstii x 

I Neopanope texana 
sayi x x x x 

Hexapanopeus 
angus ti frons x 

I 
Rithropanopeus 

harrisii x x 
Eurypanopeus 

depress us x 

I P. Mollusca 

c. Gastropoda 

I 
Sc. Prosobranchia 

I 
I 
I 
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'I' able 6 - continued I 
Taxon a b c d e f g h i I 

Mesogastropoda o. 

F. Lacunidae I Lacuna vine ta x x 

F. Litto!:"inidae 
Littorina Zittorea x 

I F. Pyramidellidae 
T;;rboni ?. la elegantula x 
FyramideHa fusca x 
Odostomia sp. x I F. Calyptrae .idae 
Crepi du Za f'ornicata x x x x x 
Crepidula plana . x x x x x 

I Crucibu?um striaturr x 

F. Naticidae 
Polinices duplicatus x 
Lunatia heros x x x x x x 

I 0. Neogastropoda 

F. Muricidae 

I u:,•os c:: 7,pi nx cine re us x x 
Eupleui-a caudata x 

F. ColUIT'.bellidae 
Mitreila lunata x x 

I F. Melongenidae 
Busy con caudata x 
Busy con canaliculatum x x 

F. Nassariidae I Nassarius t!'ivittatus x x x x x 
Nassarius obsoletus x 

Sc. Opisthobranchia I 
0. Cephalaspidea 

F. Retusidae I Re tusa canaliculata x 
Retusa obtusa x 

0. ::-ludibranchia 

I 
I 
I 
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Table 6 - continued 

I Taxon a b c d e f g h i 

I 
So. Dori dace a 

F. Corambidae 
CoI'ambe obscuI'a x 

I F. Lamellidorididae 
AdalaI'ia pI'oxima x x 
AcantnodoI'is pi losa x 

I 
c. Bi val via 

Sc. Prionodesmata 

0. Protobranchia 

I F. Nuculidae 
Nucula pI'oxima x , X 

I 
F. Nuculanidae 

Yoldia limatula x 

Sc. Pteriomorphia 

I 0. Pteroconchida 

F. Mytilidae 

I 
Mytilus edulis x x x x x x 
Modiolus demissus x x 
Modiolus modiolus x x 
CI'enella de'cussata x x 

I F. Ostreidae 
CI'assos tI'ea virginica x 

F. Anomiidae 

I 
Anomia simplex x x 

Sc. Teleodesmata 

o. Heterodontida 

I F. Astartidae 
AstaI'te castanea x x x 
AstaI'te undata x 

I 
As tarr;e borealis x 

F. Arcticidae 
AI'ctica isl.andica x 

I 
I 
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Table 6 - continued 

I Taxon b c d e f g h i a 

F. Cardiidae I Ce ras t o de rrna pinnulatum x 

F. Veneridae 
Me rce nar.i a me rae naria x x x x 

I Gemma gemma x x 

F. Petricolidae 
PetrieoZa pho ladifo r>mis x 

I F. Mactridae 
Spisula s olidissima x x x x x x 
Mulinia later·a iis ·x x x 

F. Tellinidae I Tel lina agi li.3 x x x x x x x x 
Macoma b althica x x 

F. Solenidae I So len viridie x x 
En sis direct us x x x x 
Si liqua costata x 

F. Myidae I Mya arenaria x x x x 

Sc. Anoraalodesmata 

I o. Eudesmodontida 

F. Pu.ndoridae 
Pandora gou Zdia"la x x 

I F. Lyonsiidae 
Ly on sia 7 1 . ,1ya .. i,na x x 

c. Cephalopoda I Sc. Coleoidae 

o. Teuthidida 

I F. Loliginidae 
Loli go pea l ei x x 

P. Echinodermata I c. Echinoidea 

I 
I 
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I Table 6 - continued 

Taxon a b c d e f g h i 

I o. Arbacioida 

F. Arbaciidae 

I AI'bacia punct~lata x x 

0. Clypeasteroida 

I 
F. Echinarachnidae 

EchinaI'achnius pa I' ma x x x 

c. Stelleroidea 

I Sc. Asteroidea 

o. Forcipulatida 

I 
F . Asteriidae 

AsteI'ias foI'besi x x x x x x 

P. Ectoprocta (Bryozoa) 

I c. Gyr:molaemata 

o. Ctenostomata 

I 
F. Alcyonidiidae 

Alcyonidium polyoum x 

F. Vesicularidae 
BowePbankia gI'acilis x x 

I .4mathia vidovi ci x 

o. Cheilostomata 

I 
So. Anasca 

F. Membraniporidae 
MembI'anipoI'a tenuis x x 
Conopeum I'eticulum x 

I F. Electridae 
ElectI'a s p . x 

F. Bugulidae 

I Bugula tUI'I''i ta x 
Bugula sp. x x x 

I 
I 
I 
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Table 6 - continued 

Taxon 

So. Ascophora 

F. Schizoporellidae 
S chiz o porella un i cornis 

F. Cheiloporinidae 
Cryp to su la pai Zasiana 

Unidenti. spp. 

a b c d e f g h i 

x 

x 

x x x :x: 

P = Phylum; C =. Class, Sc = Subclass; SO = Superorder; 0 = Order; 

So = Suborder; lo = Infraorder; SF ~ Superfamily; S = Section; 

F = Family 
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I 
I 
I Fig. 13: Approximate locations of stations sampled by Walford (1971). Original map not available. 
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gammarid Amphipoda species (l - UncioZa 

.serra ta) compared to other 1,mpolluted en

vironments which commonly report 21 to 200 

species (Note: 1 mm screen used l . In a 

number of other qualitative stations 

sampled by dredge hauls, Walford found 

approximately one Mercenari a meroenaria . 

(hard clam) per 170 ft" (16 m2 ). Haskin 

(1962) and Campbell (1967) also report 

that hard clams are not uniformly distrib

uted in Lower and Raritan bays. Walford 

indicates that Ropes and Martin (1960) 

working on the Nantucket Shoals found sim

ilar densities, which they considered as 

being very low. Walford found extensive 

beds of empty Mya arenaria (soft clam) 

shells and only one live individual. In 

contrast, Dean (1975) reported that this 

species was very abundant in his 1957 to 

1960 surveys. 

Presence of species recorded by 

Walford (1971) are checked in Table 6 and 

his data are tabulated in Appendix 

Table 1. 

Dean and Haskin (1964) Study 

Dean and Haskin (1964) reported on 

invertebrate distributions at 20 stations 

taken in the lower 20 km of the Raritan 

River estuary between 1957 and 1960 

(Fig , 14). They obtained a total of 69 

samples by Pete?:se.n and van Veen grabs. 

During 1957, prior to sewage abatement, 17 

marine species were found. In 1958, a 

sewer system began operation in the lower 

Raritan Valley. The 12 stations sampled 

in both 1958 and 1959 yielded 21 and 28 

marine species, respectively. In 1960, 

the nwnber of marine species declined 

slightly. All of the marine taxa (17 

total) they recorded during the study are 

checked in Table 6. The qu2.nti ta ti ve dis

tributions of marine species (#·m- 2 ) are 

listed in Appendix Table 2. All of their 

qu.a;itit.ative samples were collected during 

the su.'11Iner months (June to August) . 'Ihe 

authors indicate that it is tempting to 

conclude that pollution abatement caused 

the increase in diversity and abundance. 

42 

Dean (1975_Stu~ 

Dean (1975) sampled the macrobenthos 

at 193 stations (Fig. 15a,b and 1 6a,b) in 

the Lower Bay Complex by Petersen and 

vanveen grabs between 1957 and 1960. All 

of the stations were sampled during the 

summer months. Dean reported in detail on 

the abundance (or presence ) of the 30 most 

prevalent species encountered in his sur

vey, .by s·tation number (see Appendix Ta

ble 3 ) . Re separately listed the occur

rence and abundance of less common species 

and the stations at which they were noted 

(see Appendix Table 4). The data at the 

bottom of each station listed in Appendix 

Table 3 (Total #·m- 2
, # species quantita

tive, Total # species) were compiled by 

this author from both of these appendix 

tables. Forty-nine of these stations were 

sampled for three or four consecutive 

summers (see Appendix Table 5). The total 

number of species at each of Dean's sta

tions was used to draw a species richness 

map of the Lower Bay Complex (Fig. 17). 

Included in this map are data from 

Transect A from Steimle and Stone (1973) 

and Brinkhuis (1977-1978 unpublished 

samples) . The species richness map indi

cates that most of the Lower Bay area, 

bounded by Staten Island, Chapel Rill 

Channel, and the Raritan Bay Reach, 

has greater than 20 species·m- 2 of station 

sampled. The principal exceptions are 

three areas (labelled A, B, and c on 

Fig. 17), where less than five species 

(often zero) were reported at stations 

sampled by the present author (see Brink 

huis Study for discussion). In contrast, 

two stations (166 and 251) sampled by Dean 

before dredging in areas B and C each con

tained 29 species·m- 2 . Most of the lower 

Raritan Bay contains 10 to 14 species per 

station square meter. Species richness i n 

western Raritan Bay is highly variable, 

ranging from pockets of < 5 species·m- 2 

near the Raritan River and Arthur Kill t o 

pockets of< 25 species·m- 2 . Generally, 

the number of species·m- 2 is between 10 
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Stations sampled by Dean and Haskin (1964) in and at the mouth of the Raritan River. After Dean and Haskin (1964). 
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Fig. 15: rlaritan Bay macrobenthc;s survey, 1957, 1958 station locations. From Dean (1975). 
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Fig. 16: Raritan Bay macrobenthos survey, 1959, 1960 station locations. From Dean (1975). 
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Fig. 17: Species richness rr.ap based 011 data compiled from Steimie and Stone (1973), Dean (1975\, and Brinkhuis (1977-1978). 
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and 20 in most of western Raritan Bay. 

The East Bank .area, east of the Ambrci'se 

Channel, contains 15 to 25 species·m- 2 , 

with the exception of the area extending 

from Buoys R 16 to R 8 and 1,000 yards to 

the East. Here too, < 5 species·m- 2 are 

found in an area actively dredged between 

1972 and 1976 (see Brinkhuis Study for 

discussion). One station (171) sampled by 

Dean before dredging contained 44 

species·m- 2 , the highest richness reported 

in the Lower Bay Complex. Insufficient 

data are available to plot species rich

ness for other areas shown in Figure 17. 

McGrath (1974) Study) 

McGrath (1974) presented preliminary 

results of a continuing survey of 78 sta

tions in the Lower Bay Complex (Fig. 18). 

The data reported only represent 40 sam

ples collected in January and February/ 

1973. Three additional seasonal samplings 

were planned, but to my knowledge have not 

been reported on. Each of the stations 

was sampled by replicate (2) 0.1 m2 Smith

Mcintyre grabs and samples from one grab 

were seived through 1.0 mm screens. A 

species list is presented by McGrath, and 

is included in Table 6. No data are pre

sented by McGrath on total species or 

density per station. Interestingly, 

Pearce et al. (1979) include a figure 

(Fig. 19) based on McGrath's data. This 

figure illustrates the patterns of species 

diversity (H') in Raritan, Lower, and 

Sandy Hook bays. The number of points 

(stations) illustrated number 56, not 40, 

samples as reported in McGrath (1974) 

The patterns of species diversity in 

Figure 19 are similar to the patterns of 

species richness presented in Figure 17. 

McGrath reported that the average 

number of species. per sample was 4 and the 

average number of individuals was 11. No 

sample contained more than 138 individuals 

(l , 380·m- 2
) and one station (61 ) was com

pletely azoic at the 1.0 rrm level. 

McGrath calculated an index of common per

centage overlap between stations, from 

which he determined that there were three 

47 

areas of generally higher affinities (in 

nearly all 8ases, replicate samples showed 

a common overlap of greater than 50%) . 

The first area (Stations 67, 34, 33, and 

62) was the extreme western end of Raritan 

Bay, near the mouth of the Raritan River. 

The second area was north of the Raritan 

Bay Reach channel. The final group of 

stations ( 52, 49, 17, 85, 87, and 88) lay 

south of a line from the tip of Sandy Hook 

to Point Comfor.t. Further , the groups in 

Sandy Hook Bay and Raritan Bay proper were 

faunistically similar, although spatially 

separated. 

McGrath prepared community lists from 

those species which occurred at least once 

as a major fraction ( > 10%) of a station 

sample. He concluded that two principal 

communities may be found in the Lower Bay 

Complex. One community (AJ , in the cen

tral portion of Lower Bay, is dominated by 

the deposit-feeding bivalve TeZ Zina agiZi s 

and two polychaete worms Strebl o spio bene 

di c t i and Neph ty s buce r a . The only other 

bivalves in this community are juvenille 

SpisuZ a s oZidi ssima and a few Mu l in ia 

ZateraZis. Sixteen species occur as a 

major fraction of at least one station in 

the community (Table 7). 

McGrath's Community B is impoverished 

in both density and diversity (Table 8). 

Only 10 species, of which 4 regularly, 

form a major fraction of the fauna. The 

community is dominated by MuZ inia 

Zater aZis . Neph tys bucera , present in 

Community A, is replaced by its congeners . 

The mud snail Nassar i us trivittatus is the 

only organism abundant in both communi

ties. Community A is prevalent in the 

area defined as Lower Bay Sanes , while B 

occupies west Raritan and Sandy Hook Bay 

muds (see Fig. 18). 

McGrath found no Amp e Zisca (amphi

poda) in his winter samples. He indicates 

that their absence may be due to presence 

of oil in sediments, especially in western 

Raritan Bay . Blumer et a l . (1970) de

scribe the sensitivity o f Ampeliscid am

phipods to low concentra tions of oil. The 
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Fig. 19: Species diversity (H") In the Lower Bay Complex based on data from McGrath (1974) and reported by Pearce and Radosh 

(1979). 
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TabJ.e 7 . Cornposi ti o n of Raritan Bav (and 
Lower Bay) sand community/, . Perce~t oc 
currenc2 as major (> 10 %) fraction uf sam
ple (from McGrath, 1974 ) . 

Species 

1'edir.a agi lis 

Streb lo s pio benedicti 

Ne[.-hty s buce:t'a 

N.emer>tea spp. 

Nassar>ius ~r>ivittatus 

Glycer>a dibr>anchiata 

Pr>otohaustor>ius ? deichmannae 

Spio ? setosa 

Po7,ydora ligni 

SooZecolepides viridis 

Nepht ys inc isa 

Mulinia later>alis 

Edotea montosa 

Paraphoxus epi stomus 

Acantk ohaustorius millsi 

Sfi su i2 sol idissima 

% Major 
fraction 

63.6 

36.4 

31. 8 

22.7 

22 .7 

22 . 7 

18.2 

13.6 

9.1 

9.1 

9.1 

4.5 

4.5 

4. 5 

4.5 

4.5 

Table 8. Composition of Raritan Bay mud 
community. Percent occurrence as major 
(> 10 %) fraction of sample (from McGrath, 
1974) . 

Species 

Mulinia lateralis 

Nassarius t r> iv i ttatus 

Nephtys incisa 

Nep ht11 s pie t a 

li/eph t ys caeoa 

Nep htys buce r>a 

Asto.r> t e boreali s 

Peotinar ia gouldii 

Leptoahelia s avignyi 

Me~eenaria mercenari a 

% Major 
fraction 

68.7 

25.0 

18.7 

12.5 

6 .3 

6 .3 

6.3 

6.3 

o.3 
6.3 

lack of Ampelisoa in his samples seems t o 

contradict the findings of Dean (1975) who 

fo und large numbers at some of hiE sta

tions sampled between 1957 and 1960 (see 

Appendix Table 3). However, Dean's data 

do show a trend of decreased abundance of 

Ampe lisca in western Raritan Bay. The 

lack of Ampelisoa in McGrath's study may 

be due solely to the fact he only c ol 

lected (reported on) winter samples. 

50 

Steiml e and Stone (1973 ) more commonly 

found Ampel isoa between Ai:iril ·and October, 

with few reported during winter months . 

The greatest densi ties found by Dean were 

at stati ons just south o f Great Kills Har

bor (Sta t en Islanu). Further, Dean fou nd 

that the bivalve Mya ar>enar>ia was much 

more common in West Rari tan Bay Muds than 

Muli nia l ateralis. Both of these speci es 

are known to undergo large annual varia

tions in density. Mulinia is especially 

known as an opportunist i c species, which 

may be present one year in 1DO,OOO/ m2 and 

gone the next (Calabrese, 1970). McGrath 

concludes that the area he sampled is an 

inpoverished one. 

Woodward-Clyde (1975) Study 

Woodward-Clyde (1975a) sampled a sand 

bo=row and adjacent area on the East Bank, 

S8uth of Coney Island, as part of a pre

dredging study for the Rockaway Beach 

erosion control project. Part of the sur

vey was actually conducted while dredging 

was in progress. Woodward-Clyde (197 5b ) 

also conducted a post-dredging study, 

which will be considered in the section of 

this report dealing wi th environmental 

effects of mining/ dredging. 

Woodward-Clyde sampled the benthos b y 

Sh ipek grab, clam dredge , a nd otter trawl 

at eight stations (Fig. 20). Station 2 

was a pparently directly disturbed by 

dredging activity that had taken place by 

June, 1975. Sampling for fauna was begun 

at t hese eight stations in June, 19 75 . 

The 24 samples (3 each station) obtained 

by Shipek grabs ( 0.04 m2
) were screened 

through an 0.5 mm mesh . Species richnes s 

ranged f r om 4 to 25 taxa per sample, wi th 

a mean of 11. Densities ranged from 8 to 

6,604 individuals (not per speci es) per 

srunple, with a mean of 649. 

The 24 trawl samples (3 each sta

tion ) retained {by a n C.5 inch bar mes h) 

ll. benthic species. Diversity range d f rom 

1 to 5 species per. trawl {mean = 3) and 

densities ranged from 1 to 50 i ndiv i duals 

(not per species) per trawl. The 22 clam 

dredge samples retained (by 2.5 inch mesh) 
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Fig. 20: Stations samples by Woodward-Clyde (1975a) for predredging studies on the East Bank. Shaded area was actually mined 
during June, 1975. From Woodwa~~--~~)'_de_ (1~7_:~_:_ __________________ __ ___ _ .. _ _____ _ _ 
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only 9 species. Only 14 of 22 samples 

contained any invertebrates. Individual 

hauls contained as many as 3 species and 

45 individuals (not per sp2cies ) . 

A total of 51 invertebrate taxa was 

identified co genus or species and th~se 

are included in Table 6. The infaunal and 

epifaunal invertebrates were dominated by 

bivalves and polychaetes. The number of 

organisms·m- 2 and number of species at 

each station are summarized in Appendix 

Table 6. The data reported for the borrow 

area (Stations 1-4) indicate fewer numbers 

of organisms per sample as well as fewer 

species. Collections from Stations 6 and 

7 were different from other stations. The 

high density at Station 6 can bp ascribed 

to a dense bed of small blue mussels, 

along with a host of predators (small dec

apods). The remaining fauna at Station 6 

was rather sparse and typical of other 

'stations. Station 7 contained 50% more 

species than the most diverse samples from 

other stations. Polychaetes and amphipods 

were diverse and numerous. Possibly the 

high level of organic carbon in the sedi

ments at this station is the reason. 

Woodward-Clyde conclude that the other 

station samples yielded diversity and 

de::sity comparable to other sand communi

ties reported in the literature, and that 

this area of the East Bank was not 

impoverished. 

Steimle and Stone (J.973) Study 

Steimle and Stone (1973) reported on 

a study conducted by the Sandy Hook

Ncrtheast Fisheries Center along the south 

shore of Long Island (Fig. 21). A total 

of 39 stations was sampled by Petersen 

grab repeatedly at monthly intervals be

tween 1966 and 1967. Only one transect, 

A, of six stations lies within the Lower 

Bay Complex boundaries. This area is 

commonly referred to as the East Bank. 

Steimle and Stone reported a total of 145 

taxa for their entire transect study, en

compassing 11 monthly samplings. In 

Area A, a total of 70 taxa was found. 

The taxa recorded in b~th A and the 
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re~ainder of their survey are checked in 

Table 6. 

Transect A had the greatest abundance 

of organisms recorded (see Appendix 

Table 7 J • 'I'he area was not, however, the 

most diverse.. In all transects, there 

generally was an increase in diversity 

with an increase in water depth (i.e., 

distance offshore) . Transect A Stations 1, 

2, and 5 exhibited the greatest abundances 

for one reason only--extensive blue mussel 

beds (My ti lu s edu lis ) . If mussels are 

disregarded Transect A would,, in fact, 

have abundances comparable to other sta

tions. The range in number of taxa in A 

was 19 to 35 species. The greatest number 

of taxa recorded at any station for the 

year was 54. The total number of taxa re

corded in A was similar to that reported 

by Woodward-Clyde (1.975a); however, there 

were differences in the taxa recorded. 

The greatest number of taxa and individu

als in h was generally found between June 

and September. Again, this period's 

greatest abundance was dominated by blue 

mussels. 

Steimle and Stone describe two 

assemblages that occur in the East Bank 

area--t~e medium sand assemblage and the 

~y tilus edu ~ is ag3regation. One other, 

the fine silty sand assemblage, was not 

found in Transect A. The dominant . organ

isms in the medium sand assemblage are 

presented in Table 9 and the species 

associated in the My ti l us edul i s aggrega

tion are listed in Table 10. Usually, the 

medium sand assemblage inhabited the sands 

under the mussel clumps. Most of the mus

sels collected (95%) were approximately 

1 cm in length. The mean number of ani

mals ·m-2 in the medium sand assemblage of 

A was 209, with a mean of 24 species. 

Brinkhuis (1977-1978) Studv 

Between 1977 and 1978, Brinkhuis 

obtained Shipek grab samples at a number 

of locations on the East and West banks of 

the _i-.mbrose Channel (Fig. 22) . Six grabs 

were obtained at each of 40 stations. The 

samples from each station were pooled and 
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Fig. 21: Station locations, RIV CHALLENGER survey, 1966-67. From Steimle and Stone (1973). 
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Fig. 22: Shipek grab s11mples sc1eened tor invertebrates by Brinkhuis oetween 19n and 1978. From Swartz and Brinkhuis (1978). 
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Table 9. Steimle and Stone ' s (1973) 
medium sand assemblage found in Area A on 
the East Bank, Stations 3 and 6 (and pos
sibly 4). 

Species 

Telli na agilis 

Pr o tohausr;orium 
dei chmannae 

Es chinarachius parma 

Unciola irrorata 

Spis u Za solidissima 

Also frequently as•ociated: 

Le p tocumc. minor 

Acanthoha ustorius mi l lsi 

~richophoxu s epi s=omus 

Monoculode s edwa r d s i 

Sthenelais limi cola 

Lumbrine r i s fragili s 

Spiophan es bomby x 

bivalve 

burrowing 
amphipod 

sand dollar 

tute-dwelling 
amphipod 

surf clam 

cumacean 

amphipod 

amphipod 

amphipod 

polychaete 

polychaete 

polychaete 

Table 10. Steimle and Stone's (1973) 
MytiluR e d u l is assemblage found in Area A 
on the East Bank, Stations 1, 2, and 5. 

Species 

Mytilus edulis blue mussel 

Harmothoe extenuata polychaete 

Harmothoe imbricata polychaete 

Nereis succinea polychaete 

LeFidonatus squamatus polychaete 

Neopanope texana crab 

Me tridium seri.ile anemone 

sieved through l mm screens. These sam

ples were collected with the strategy to 

determine if there were any long-term 

effects of dredging (mining) that took 

place in Areas A, B, C, and D. Some of 

the stations sampled were located in holes 

that remained after mining, as well as in 

adjacent sediments. These samples were 

collected incidental to the study reported 

by Swartz and Brinkhuis (1978). 

Invertebrate taxa recovered frcm 

these samples are listed in Table 11 and 

12 (East and West banks, respectively). 

Each table is subdivided into stations 

affected by dredging (in actual holes 

themselves) and those unaffected. The 
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presence of dredging activity was deter

mined from dredging activity reports 

(Sanko, personal communication) as well as 

bathymetric changes determined from depth 

recordings that were compared to older 

nautical charts. No distinct trends are 

discernible from the data comparing 

dredged and undredged areas on either the 

East or West bank. Dredged holes on the 

West Bank had filled in with up to 80 cm 

of silt-clay (70-90%) which had organic 

carbon levels of up to 25% by weight. The 

holes on the West Bank most frequently 

were azoic. Undredged sediments nearby 

did not appear to contain significantly 

more species or numbers; however, the 

undredged stations were in close proximity 

to the holes. There may have been effects 

of the holes on adjacent water quality 

(Swartz and Brinkhuis, 1976) . Dredged and 

undredged sediments on the East Bank had 

comparable fauna. The number of taxa and 

abundance was greater than on the West 

Bank. Few areas were azoic on the East 

Bank. Holes on the East Bank seldom con

tained large amounts of silt-clay. Again, 

undredged stations were within the con

fines of an area designated for sand 

mining between 1971 and 1974. Their close 

proximity to dredged areas may explain the 

lower diversity and abun.dance than that 

reported by Woodward-Clyde (1975a) and 

Steimle and Stone (1973). 

Brinkhuis (1979-1980) Study 

Brinkhuis is currently conducting a 

fauna! survey in three areas of the Lower 

Bay (Fig. 23) . Starting in June, 1979, 

these three locations are being surveyed 

every three months for one year. Two sam

pling grids for repeated sampling have 

been established: a coarse grid, consist

ing of stations every 800 m at the nodes 

of the triangles in Figure 23, and a fine 

grid in the shaded triangles with stations 

spaced at 200 m intervals. Three Shipek 

grabs are obtained at each station. Each 

station's s amples ars pooled and sieved 

through 1 !1U1\ screens. Samples are 
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Ta.ble 11. Tax a found b y Brinkhuis (1977 , 1978) in East Bank stations. Data 
are # ·m-2 from six pooled Sl' i?ei: g rabs per station. Numbers in ( ) below I 
station numbers ar<> depths in fee t below mean low water. 

I Stations 

5 6 7 24 25 26 32 36 37 39 
Dredged ( 59) (56) ( 53) ( 4 5) ( 37) ( 70) ( 48) ( 55) ( 65 ) (50) 

Nematoda 15 5 10 20 15 I 
Eteone sp. 5 5 5 

Gon iadia sp. 

Nephtys sp. 20 10 5 I 
Nere i s sp. 5 

Cyathura po Zita 

Amphipoda 5 I 
Cra ngon 

sep temspincsa 15 

Ovalipes 
ocel7-atus 5 5 10 5 I 

Rh ,~thropanopeus 

harr>issi 5 

Mytilus eduli e 

Yassa r ius 
I 

obsoletus 5 20 

.4st::l'ia s j orbes·i 5 

,1mmcr.iy tes I 
a.'nericanus 15 

(sand lance\ 

Total # s p ec ies 1 4 3 4 2 5 3 1 0 1 I 
Total ·# ·m-2 5 40 l5 30 10 50 4 5 5 0 15 

I 
I 
I 
I 
I 
I 

56 
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I Table 1 1 - continued 

I Stations 

22 23 27 31 33 34 3 5 38 40 
Not d redg ed ( 26 ) ( 3 5) ( 25) ( 26) ( 18 ) (7 5 ) (1 2) (25) (18) 

I Nematoda 40 

Eteone 

Goniadia sp. 

ilephty s sp. 15 5 10 I 
Nereis sp. 25 5 

Cyathura poli ta 10 

Amphipo da I 
Crangon 

septemspinosa 

Ovalipes ocellatus 5 

Rhithropanopeus I 
harris si 5 

My ti lus edu li s 

Na ssarius obsoletus 10 25 I 
Asterias fo r besi 

Arr.modytes americanus 25 
( sand lance ) I 

To tal II s pecies 0 3 1 2 1 1 2 2 0 

I 
Total II · m- 2 · 0 45 25 15 25 40 1 5 15 0 

I 
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Table 12. Taxa found by Brinkhuis (1977, 197 8 ) in West Bank statio ns . Data a re #·m- 2 fro m six 
pooled Shipek grabs per ste tion. 
wa ter. 

Number.:> in ( ) below stations are de pths in feet b elow me a n low 

- - - -- -
Stations 

-- ----
2 3 4 8 9 11 12 15 16 17 18 20 21 28 29 30 

Dredged (26) (22) ( 22) (33) ( 37) ( 30) ( 33) (40) (40) ( 28) ( 35) ( 40) (60) ( 25 ) ( 25,l ( 40) 

Nematoda 

Eteone sp . 

Goniada sp. 

Nephtys sp. 10 10 10 5 15 1 0 

Nereie sp. 5 10 

Cyo.t hu1•a poli ta 5 

Amphipoda 
lJl Cra ngon ct:J 

septemspinosa 

!!hi t hr opa nopeus 
harri ss i 

Nassa r ius obsoletus 1 0 20 

Myt ilus edulis 

Asterias f orbes i 

Ammodytes amerioanus 
(Sand lance) 

Total # species 0 1 0 0 2 0 1 0 0 0 1 1 1 2 0 2 

Tota l #·m- 2 0 5 0 0 1 5 0 10 0 0 0 10 5 10 25 0 30 

- - - - - - - - - - - - - - - - - - -



- - - - - - - - - - - - - - - - - - -
Table 12 - continued 

Stations 

1 10 13 14 19 
Not dredged (16) (11) ( 12) (16) (16) 

Nematoda 

E'teone sp. 

Goniadia sp. 10 

Ne phtys sp. 15 10 

Ne reis sp. 10 

lJ1 
Cyathura polita 

'"' Amphipoda 15 
Crangon septemspinosa 

Rhithropanopeus harrissi 

Na ssarius obso letus 

Mytilus edu lis 5 

Asterias forb esi 

Ammodytes ameriaanus 
(sand lance) 

Total # species 0 2 1 3 0 

Total # ·m- 2 0 30 5 30 0 
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Fig. 23: Stations being sampled by Brinkhuls between 1979 and.1980 for IJenthlc invertebrates and fishes. Stallons are at nodes or 
each triangle (every 800 m) and every 200 m In shaded triangler,. 
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currently being sorted to species and 

enumerated. 

Preliminary analysis of some samples, 

mainly East Bank stations, indicates the 

presence of at least 53 taxa, including 

12 species of gallUllarid Arnphipoda . 

Woodward-Clyde (1975a) reported 13 and 

Dean (1975) reported 6 species of gam

marids. These preliminary results 

indicate that 10 to 35 taxa are found at 

East Bank stations. An insufficient 

number of other area stations have been 

analyzed thus far to observe any trends. 

The stations in the northern half of Romer 

Shoal, however, are represented by exten

sive beds of dead mussel shells (Myt ilus 

eduli s and Mo dio lus modio lus ). 

Miscellaneous Reports 

A number of sporadic samplings, pri

marily to determine shellfish distribution 

and abundance (Mer cer.aria meroenaria and 

Mya a re naria ) has been reported. In the 

early to middle 1800s, the hard clam 

Me roenaria me r oenaria was harvested com

mercially from Raritan and Lower bays. 

Goode (1887) i ndicates that by 1880 shell

fishes obtained from Newark Bay tasted of 

coal oil and were unsuitable for sale. 

Jacobson and Gharrett (1967) report that 

the harvest of shellfishes in Raritan Bay 

peaked in the late 1 8 80s and maintained· a 

high level until about 1945, when a grad

ual decline in the harvest was noted . 

Cluming (1917) stated that significant 

populations of oysters (Cra sso st r ea vir

ginio a ) were under cultivation in the late 

1800s and early 1900s. Nelson (1916) pre

dicted a decline in oyster abundance as a 

result of copper and industrial pollu

tants. The o y ster has now v irtually 

disappeared from the area. A small popu

lation has been reported recently off Ward 

Point, Staten Island (MacMillan, personal 

conununication) . It has also been reported 

that bay scallops were once common to 

Raritan Bay. 

Haskin (1962) and Campbell (1967) 

reported on the distribution and abundance 

o f Merc e naria merce naria in Raritan a n d 

6 1 

Lower bays_: · Both investigations reported 

the paucity of juveniles (< l" in length) . 

There are apparently larger numbers of 

conunercial-sized clams in the northern 

half (above Raritan Bay West Reach) of 

these bay s. Paucity of j uveniles was 

ascribed to pollution problems. Dean 

(1975) reported finding only occasional 

specimens of hard clams at six of his 

sta~ions during his 1957 to 1960 survey. 

All of the Lower Bay Complex has been 

closed to commercial harvesting since 1961 

due to industrial and coliform pollution, 

as well as outbreak s of infectious hepa

ti t~s (MacMillan, personal communication). 

At present, harvesting of hard clams is 

limited to an area in Raritan Bay (see 

Fig. 24) under an experimental program. 

In this program, clams are depurated for 

30 days in a plant on Staten Island (Great 

Kills) before release to the market. The 

most recent extensive survey of hard clam 

abundance was conducted by the New York 

State Department of Environmental Conser

vation in October of 1970 (Hendrickson, 

personal communication) . The area sur

veyed and general patterns of abundance 

are shown in Figure 24. Fe w clams were 

found in the western portion, whi l e the 

highest densities were found just south 

of the Raritan Bay West Reach. 

Fi shes 

The waters of the Lower Bay Complex 

are a habitat for permanent resident 

species, as well as a seasonally temporary 

haven for species migrating to the Hudson 

River for spawning. Resident species 

include those which are found all year 

long and those which use the area for 

spawning. Croker (1965) identified 20 

species of ende mic planktonic fish eggs 

and larvae (Table 13) that occurred in . 

Sandy Hook Bay. A fairl y complete list 

of fish taxa c a ug ht in the Lower Bay Com

plex , consisting of 71 species, is shown 

in Table 14 . Th.irty-three of these taxa 

are caught regula rly (see Abundance 



Fig. 24: Map showing abundance of Mercenaria mer: ensria in a 1970 New York State Department of Environmental Conservation 
survey. From Hendrickson (personal communication). 
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Table 13. Species of fish <::ggs and larvae and months of 
cccurrence in Sandy Hook Bay ( fro m Croker, 1965!. 

Occurrence 

Species Eggs Larvae 

b ;•evoo"f'tia tyrannus May- JU!l.P. t.iov .-Dec. 

March-May 

finchoa mitahi ll·i 11ay-June June-Sept . 

Anguilla rostrc t a Mar.ch-Jun e 

Fun duZus heteroc:i~ita June-0uly June 

Enchelyopus cimbrius June 

Pol lachius vi"f'en s 

rii?pocampus el"ectus June-Apri l 

Syngnathu s fusc~s "lay-July 

Nov. 

Tau toga onitis t!ay-\.J·..lly July 

Cobioaomc. sp. Aug . 

Prionotus sp . 11ay-Jur.e 

!1yoxocerhalus sp . March-April 

Ammodytes a:nar~can ~s March- May 

Pe?ril us triacan thus 

Nenidia /?lenidia Mn.y- July 

Scophtha lmus aqucsus May-June June 

Pseudop Zeuronectes amel"icanus .~pril-June 

Eph oe l"oides macuZctus .June-July 
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Table 14. List of fisl-! species reported for the Lower Bay Complex. 

Taxa 

Carcharhinidae 
MusteZ us canis 

Squalidae 
SquaZu s acanthi as 

Rajidae 
Raja eri nacea 
RaJa egZanteria 

Dasyatidae 
Das yatis c entroura 

.Z\.cipenseridae 
Acivenser brevirostrum 
A ci~ens er oxyrhynchus 

i\nguill idae 
An gu i ll a rostrata 

Congridae 
Conger oceanicus 

Clupeidae 
Ai'.osa aest i vaZi s 
Alosa mediocris . 
A:osa pseud~harengus 
Alo s a saoidissima 
Brevoortia tyrannus 
CZupea harengu s haren;u s 

Engrauli dae 
Anchoc: fieps e tus 
Anchoa ryitchiZ Zi 
EngrauZis eurysto Ze 

Synodontidae 
SJ!nodus .foetens 

Batrachoididae 
Opsanu s tau 

Loohiidae 
i ophius ame ricanus 

Gadidae 
Enc he lyopus oimbr·; us 
Merlucci us biZineari s 
Po llachi us vire ns 
Urop hyois chus s 
Urophyt:!i s _reg i us 
Ur ophyci s tenuis 

Atherinidae 
Meni dia menidi a 

Gasterosteidae 
Gasterosteus acul€atus 

Co mmon name 

s mooth C.ogfish 

spiny dogf ish 

little skate 
clearnose s kate 

roughtail ~tingray 

shortnose sturgeon 
Atlantic sturgeon 

Ar.lerican eel 

conger eel 

b lueback herring 
hickory shad 
ale.wife 
American shad 
Atlantic menhaden 
Atlantic herring 

striped anchovy 
bay anchovy 
silver anchovy 

inshore li zardfish 

oys ter toadfish 

goosefish 

fourbeard rockling 
· silve:r hake 
pol lock 
red hake 
spotted hake 
white hake 

Atlantic silverside 

Occurrence 

(summer) 

(unconunon) 

(un common ) 
(uncommon) 

(uncommon) 

(uncommon ) 
(uncoi:unon) 

(uncor!'mon) 

(all vear) 
(uncoi'nrn.on) 
(all year) 
(fall-sp ring) 
(all year ) 
(fall-spring) 

(uncommon) 
(summer-fal l) 
(fall) 

(uncommon) 

(uncommon) 

(uncommon) 

(larvae only) 
(fall-spring) 
(larvae only) 
(all year) 
(all y ear) 

'· ·· (uncommon) 

(fall-spring ) 

three.spine stickle back (uncommon) 
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Ta ble 14 - contint.:ed 

Taxa 

Syngnathidae 
Hippocampus erectus 
Syngna thus fuscus 

Cyprinodontidae 
. . ~ ' 

Fu ndulus heteroclitus 

Perichthyidae 
,::o rone arze r ican::z 
~orone saxatilis 

Serranidae 
Cent r opristis striata 

Poma tooi dae 
P?ma t omus sa ltatri x 

Cc.rangidae 
Vomer seotapinnis 
Selene vome i' 

Pomadasyidae 
Orthopristis chryso ptera 

Sparidae 
Stenotomus chrysops 

Sciaenidae 
BairdieZZa c~rysura 
Cynos c ion regalis 
Leicstomus xant hurus 
Men tic irrhus saxatilis 
Mic r cpogon undulatus 

Chaetodontidae 
Chae t odon ocellatus 

Labridae 
Tc:uto .1a oni ti3 
Tau t ogolabrus adspersus 

Mugilidae 
.'fugi l curema 

Uranoscopidae 
Astroscopus guttatus 

Pholidae 
?hol i s gunnel Zus 

Ammodytidc.e 
Amncd~tes ~neri~arus 

Scorabridae 
Scomber sc.Jmb:!'us 

Str omateidae 
Peorilus triacan~hus 

Common name 

lir.ed seahorse 
northern pip8fish 

mlli'111li c'log 

white perch 
striped bass 

black sea b a ss 

bl11eiish 

Atlantic moonfish 
l ookdown 

pisf ish 

scup (por gy ) 

silver perch 
weakfi sh 
spot 
northern kingfish 
Atlantic croak er 

spotfin butterflyfish 

t~~tog (blackfish) 
cunner 

white mullet 

n o rthern sta r gaze r 

rock gunnel 

Ar:-.erican s 2.nd l ance 

ht l antic mac~e~el 

butterfish 
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Occu.::-rence 

( latt~ summer ) 
(late sur:irner ) 

(larvae only) 

(uncor.unon) 
(summer ) 

(uncommon ) 

( surruner-fall ) 

(Sep t . - Oct. only) 
(uncommon ) 

(uncol'lffion) 

(summer) 

(fall only) 
( s unune r - fa 11) 
(fall ) 
(fall) 
(unc0mmo n ) 

(-uncommon ) 

( fall - spring ) 
(fall ) 

(uncommon) 

(uncommon) 

( fall ) 

( fall-wi nter) 

(uncommon ) 

(all yea r ) 



Table 14- conti n ued 

Taxa 

Gobiidae 
Gobiosoma so. 

Triglidae 
Priono t us carolir.v.s 
Priono t v.s evolans 

Cottidae 
Hemitr ioterv.s americanus 
Muo xo cevha lus aenae v.s 
N~oxocevhalus 

o c todee emspinos v.s 
l·f!:;'oxocepha l v.s s c o r pius 

Bothidae 
Ci tha~i chthus arc tifrons 
Etroov. s mic~ostom~s· 
Para~ichth~s den tatv.s 
Scophtha lm~s aqv.o s us 

Pleuronectidae 
Pseudopleuronec t e s 

american us 

Balistidae 
Aluterus schoepfi 
Monocanthus hi s pidus 

Diodontidae 
Chilomy c te r us schoepfi 

Te traodontidae 
Sphoeroides macula t us 

Comr.on name 

go b y 

northern searob in 
striped sea rob i n 

sea raven 
grubby 

l on g h o r n s culp in 
sho rtho rn scul9in 

Gulf Strea.I'.l fl ounder 
snallmouth flounde r 
surnmer flounder 
windowpane 

winter flounder 

o range filefish 
planehead f ilefish 

striped burrf i sh 

northern puffer 

6 6 

Oc c urren c e 

( larvae only ) 

( s ummer ) 
( sumrner-f all) 

(uncommo n ) 
(summer- f a l ll 

(fall-winter) 
(uncommon ) 

(uncommon ) 
( f all) 
( a ll year ) 
(all y ear ) 

(all year 

(uncommon) 
(uncommon ) 

(u ncormnon) 

( s urr.mer ) 

I 

I 
I 

I 
I 

' i 
I 
I 
I 
I 
I 
I 

I 
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column) during some time of year and aL 

more than one sampled station. Smith 

(1976) states that, despite the uses and 

abuses of the Hudson River estuary, there 

are more species in these waters now than 

when Henry Hudson arrived in 1609. 

There have oniy been a handful of 

reports dealing with fishes in the Lower 

Bay Complex waters. Breder (1922) pub

lished the first extensive report on the 

fishes in Sandy Hook Bay . He followed 

these up with yearly studie~_. , , (B rede:::-, 

1925 , 1926, ~931) and later described the 

f_i_sh species in New York Harbor (Breder, 

1938). These reports either lack quanti

tative detail, or are based on methods no 

longer used, so that comparisons of 

abundance with more recent reports can not 

be made. The presence of species recorded 

in Table 14 do not include infor~ation 

from Breder. 

Only two recent reports deal with the 

distribution and abundance of fishes in 

the area . Wilk and Silverman (1976) con

ducted a summer st~dy of fish distribution 

in Sandy Hook Bay. Wilk et al . (1977) 

pres ent the most, and only recent, compre

hensive study of fishes in the whole c= 
the Lower Bay Complex . These two reports 

and data f rorn work in progress by the 

present author form the basis for the list 

of species in Table 14. The following 

describes the seasona l occur rence a~d 

abundance patte r ns based on the s t ud ies by 

Croker (1965), Wilk and Silverman (1976) 

and Wilk et al . (1977) 

Croker (1965) Study 

Cr oker (1965) noted a gradual 

increase in the number of species of eggs 

and larvae through the spring to a peak in 

the summer, followed by a decline in the 

fall and winter. Seven species: Angui~ 7 a 

r ost rata, CZ~?•a hareng~s harengus, 

Arnmodytes ame f'1i ,~cnu s, Pse udo pZ.e :tronect~3 

americanus , Anchoa mit c hiZZi , Syngncthus 

fusc~s . and Meni~ia menidia comprised 98% 

of all larvae collected. The larvae ~f ? . 

o.r1eric'.n.us were most ubiquitous and e:<h.i c -

ited a marked diel periodicity in 
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abundance in surface wa ters. 

Ac co:::uing to Wilk et al . ( 19 77) , sea

sonal samples from stations in Sandy Hook 

Bay (see Tctble 15--Areas I , 0 , P, ~ . R, 

and S) indicate higher nu~bers of the same 

species during the fall and winter months . 

The total number of species in Sandy Hook 

Bay appeared to be highest in early fall, 

when several semi-tropical species were 

also recorded in warmer bay waters. The 

study by WLlk and Silverman (1976) that 

was conducted between Jul y and October in 

Sandy Hook Bay indicates a similar trend. 

~ilk and Si l verman (1976) Study 

Wilk and Silverman (1976) divided 

Sandy Hook Bay into blocks l' longitude by 

l' latitude (e.g., see Fig. 25) which were 

sampled bi-weekly in 1970 with a 9.1 m 

footrope ot t er trawl towed for 10 min at 

5.6 km · h- 1 • Data we r e grouped into eight 

sample periods of seven two-day and one 

one - day cruises. Presentation of quanti

tative data 1.-:as performed in two ways: 

l) maps showing distribution (abundance) 

of the more notable species wi thin the 

blocks, but averaged over the entire study 

period or 2) tabulations indicating number 

of fishes and weight per species per sam

~l ing cruise . Unfortunately, these latter 

data are not subdivided into sampling 

blocks. 

~atches in the northern half of Sandy 

Hook Bay (blocks 1 - 9) contained a total of 

35 species recorded during the study; 

those in the southern half, 22 species. 

On ly seven species 0ccurred in more than 

25 % of each collection . The total catch , 

by both weight and number, averaged for 

the per _i_od July to October , in the north

ern half of the Bay exceeded that of the 

southern half (Fig. 25a , t) . The greater 

abundance and diversity of species in the 

norther n blocks are apparently related to 

the deeper and cooler water found there 

and the proximity to ocean waters (Wilk 

and Silverman, 1976 ) . 

Fo ur S?ecies- ·- Fsa ~d0pleuro~~ c~8d 

am.z-Pic:cr-.us , :-':,., "!:cnotu.s evo~ans , Scop~: -:-h a::.. 

mua acucs~s . and ?r iono ~us carc:in~s --



Fig. 25: The average catch [no.j(a) and WE>rght [kgj(!:l) of a1: fish per 1:l-min tow in Sandy Hook Bay. After Wilk and Silverman (1976). 
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Fig. 26: The average catch (no.) of anchovy (a) and rad hake (b) per 10-min tow in Sandy Hook Bay. After Wilk and Silverman (1976). 
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accounted for about 68~; by n '.im:Oer and 66% 

by weight of the total catch during the 

survey. The 10 most abundance species 

comprised 95 % by number and about 85% by 

weight of the total catch. The average 

abundance distribution for the 10 most 

common species is shown in Fig. 26a,b, 

Fig. 27a-d, and Fig . 28a-d. 

Wilk et al. ( 1977) Study 

Wilk et al. (1977) present the only 

quantitative data for fish distribution 

throughout the Lower Bay Complex. These 

data are strictly tabulations, species 

number and weight by station number. The 

study represents data from 700 stations, 

encompassing the Lower Bay Com~lex and 

offshore locations in the New York night, 

that were sampled between June 1974 and 

June 1975. Again, the Lower Bay Complex 

was subdivided into blocks l' longitude by 

l' latitude (Fig. 29). A number of these 

blocks was randomly selected at the begin

ning of the survey and these :Clocks were 

visited at approximately monthly inter

vals . How many blocks they selected is 

not stated, nor is a map presented showing 

which blocks were selected. It should te 

noted that many of the station coordinates 

reported fall on exact l' longitude or 1
' 

latitude lines so that it is difficuLt t o 

assess which block the station sample 

represented. Further, no indication is 

given of whether station coordinates rep

resent the beginning or end of the tow, or 

in which direction it was taken. To de

termine which bay station numbers fall in 

which blocks, station coordinates were 

plotted by the present author and grouped 

subjectively into the nearest appropriate 

bloc~{ . A listing of station numbers, sa111-

pling dates, depth, n~~ber of species, and 

total catch by number and weight is c om

piled and summarized in Appendix Table 8. 

The grouping of stations into distinct 

areas (i.e., blocks) indicated that Wilk 

et al. (1977) apparently sampled l9 blocks 

repeatedly ( see Fig. 29 ) ; howevP.r, the 

clustering showed that not all areas were 

sampled monthly. 
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The majority of the station s was sam

pled by an otter trawl with a 9.1 m foot

rope, while others (i ndicated with an 

asterisk ir. Ap~endix Table 8) were sam

pled with a 24.4 m footrope Yankee #36 

trawl. Both trawls were fitted wich 12.7 

mm stretch r.iesh cod end liners. Each 

trawl was conducted for 15 1ninutes. At 

some !tations in a given sampling date, 

both nets were used. Catches with the 

larger net almost always y ielded a greater 

nllmber of species 1->Er station, as well as 

number and weight per species, than the 

smaller net . All specimens of each spe

cies were usually measured, except when 

subsamples of very large catches were 

measured. In that case, an expansion 

factor (weight of total catch/ weight of 

subsample) was applied. 

The tabulated data presented by Wilk 

et al. (1977) were reworked and ordered to 

determine the monthly occurrence by num

ber and weight at each station falling in 

Areas A to S (Fig . 29) and tabulated by 

species (Appendix Table 9) in tne same 

order of s p ecies listed in T3ole 14. 

This data base was then resequenced to 

present the monthly occurrence or S".)e.::ies 

by area, including information en nu~~er 

of fishes caught per species ~nd the 

number of species caugr.t each month in 

that area (Table 15). These d a ta are 

further grouped by bay . Areas A, 3, c, c, 

F, G, H, ;, a"d K are located in the Lower 

Bay; Areas D, L, N, and N are in Raritan 

Bay, and Areas i, O, P, Q, R, and S are 

in Sandy Hook Bay. 

Lower Bay stations exhibited a 

greater number o f species and numbe': of 

individuals per species during the fall 

months. The 10 mo st co!T'Jnon species during 

t he fall are : Ai:choa mi;;:ci;-;Zl.i , Al-~ s .:; 

sap~dissima, A . ?Seudohare~?US , Cy noscion 

regai ·:s , ~·r:. oJ ra v.lis ev :'vstoZe, Pep r-;Zus 

ch us s , a;id .') . Pe; i. 1.t~. 

During winter months, the 10 rnr;st: 

cormnon species in the .Lower. Bay were: 



Fig. 27: The average catch (no.) of spotted hake (a'. scup (b). weakfish (c). and butterfish (d) per 10-min tow in Sandy Hook Bay. After 
Wilk and Silverman (1976). 
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Fig. 28: The average catch (no.) of n0rthern sea robin (a), striped sea robin (b), windcw pan.; (c), and winter f!0unaer (d) per 10-rnin 
tow in Sandy Hook Bay. A fter Wii:< and Si:verman (1976). 
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Fig. 29: Apparnnt blocks (shaded) sampled by Wilk et al. (1977) between June 1074 and Jun0 1Pi5. Nurnbmed blocks (1·18) in Sandy 
Hook Bay are blocks sampled by Wilk and Silv>Jrman (1-1'76) between July and October 1970. 
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Table 15. Monthly occurrence cf fish species .i.n Lower, Raritan, dnd Sandy Hook 
bays reported by Wilk et al. (1977), sublisted with sta«.:ion areas. Numbers are 
total catch; each month totaled for # spe-::ies; asterisK ( *) indicates area not 
sampled that month. Note : No Decewber or March cruises; ** means only reported 
occurrence. 

LOWER BAY 

Area A (West Bank) Months 

1974 1975 

Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun 

M;,istelus canis 

A ~o sa aestivaZis 

Aiosa pse ugoha Pe ngu s 

Alosa sa pidi ssima 

B~e voor tia tyrannus 

Ciupea hcrengus harengu s 

A"lcho a mitchilli 

MerZuccius biline aris 

UPophycis chuss 

Urophycis 'Peg iAs 

Menidia. rrisw:d ia 

Eip9ooampus e rect u s 

Mo ron e saxa t iZi s 

Stenopus ch rys cps 

C~no s c i o'1 regal~s 

Tau toga. o'1i·;~ s 

Ammody ~es ame ~i c~nus 

FepriZ;,is triacanthus 

Par~Zicht hy s de n tatu s 

Jco?ht~almu s aquo sus 

?se~do?leuronectes 
amevica nu.s 

Total # species G 

2 

l 

l 

1 

1 

2 

6 0 

980 

1 

1 

3 

4 

1 

12 

2 

6 

1 

2 

1 

1 

2 

8 

7 

1 

l 

3 

1 

l 

21 

6 * 

43 

1 0 

2 

l 

1 

5 

10 

10 

8 

1 

1 

18 

14 

2 

2 

1 

5 

11 
-------·-----·-------·-----------------·-----------

Total ii stations 1 1 1 l 1 1 1. * 1 1 

73 

21 

12 

2 

15 

4 

1 
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Tabl e 1 5 - cont i n u ed I 
LOWER BAY 

Area B (Wes t Bank ) Months I 
1974 1975 

Spe c i es Jun Jul Au g Se.p Oc t Nov Jan Feb Apr May Jun I Mustelu s can is L. 3 1 

/.. losa aestivaZis 3 2 1 2 

Alosa pseudoharengus 140 6 20 I A Zosa s a pidissima 1 0 5 1 2 

Brevoo-rtia tyrannus 2 4 1 

Clu:>ea ha-rengus harengus 1 1 I Anchoa mitchi 3li 1 2 19 2 1 

i>1e -r lucc i us bilinea-ris '4 6 9 1 1 1 

Urophycis chuss 1 1 1 3 8 4 I Urophy cis -re g ius 1 4 2 

Menidia menidia 2 5 1 2 

Mo-rone saxatili3 1 I Pomatomus saZtat1,,ix 2 

Vo mer setc.pinnis 1 

Cynosci on r egaZis 1 1 00 4 ,, 
Menticirr hus saxatilis 1 1 

Ammodytes a:me 1'icanus 1 

Pepri lu s tr>iaca.nt hus 2 I MyoxQcephalus aenaeus 2 

Etropus mic"f'ostomus 1 

Paralicht hys dentatus 1 7 4 I Scophthalmu8 aquo s us 14 1 1 6 5 

Pseudopleuronectes 
americanus 2 4 1 2 1 2 

I ;.fonacanthus hi s pi::lus 1 

'I';) tal # s pec i es 4 6 6 8 6 11 9 6 2 8 * 

~otal ~ stations 1 1 1 1 1 1 1 2 l 1 * I w 

I 
I 
I 

7 4 ., 
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Tabl ~ 1 5 - c ontinue d 

Area r; (Eas t Ban k) 

Species 

A~o sa aeetivaZie 

,; losa sapiG.issima 

Brevoortia tyrannus 

Clupea harengus hc.rer~g:.,:s 

Me rZucci us bi lineari s 

:'·!enidia menidia 

Ta u toga oni.tis 

.£..m.'?'l od j tes american<.<s 

Scop'lit halmus aquosus 

Pseucopo euronecte3 
americanu.3 

To t a l # s p ec i es 

To t a l # stations 

L OWER BAY 

~onths 

:!.974 19 75 

Jun Ju l Aug Sep Oct Nov Jan Feb Apr May Jun 

1 35 

1 

2 

5 

2 

6 

1 

22 1 

1 1 1 6 

2 2 

* * * * * 3 4 1 1 7 * 

* * * * * 1 1 1 1 1 * 

75 
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Table 15 - continued I 
RARITAN BAY I Area D Months 

1974 1975 

I Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun 

Alosa ae st ival i s 15 2 3 

t /.. losa ps eudo haren.gus 1 1 

Alosa sapidissima 1 

Brevoo r tia tJr>annus 2 

I Clupea harengus 
.har engus 2 1 

Anchoa mitchi ll i 7 17 1,428 

Engraulia eurystole 50 ·I Merlucci us bilineari s 3 

Urophycis c hus s 2 

Ur>oph11 cis regius 23 I Men,;,dia menidia 1 12 

Syngna thus fciscus 1 

Pomatomu s saltatr>ix 1 1 ,. 
Stenotomus chrysoi:;s 1 

Cynoscion :t>e gali s 6 

Astr>oscopus guttatu s 1 I Pe prilu s t:t>iacanthus 1 2 3 

,'.:Jyoxoce phalu s aenaeus 1 

Paralichthys dentatus 2 1 I Scophthalmus aquosus 1 2 

Pseudop leuronec te s 
americanus 1 1 27 32 2 

I Total # species 1 1 2 8 5 9 * 3 2 2 4 

Total # stations 1 1 1 1 l 1 * 1 1 1 1 

i 
I 
I 
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Table 15 - continued 

I LOWER BAY 

Area E Months 
1974 197 5 

I 
Species Jun J ul Aug Sep Oct Nov Jan Feb A2r May Jun 

Alo s a aest i vali s 1 l 15 31 

AZosa pseudolza r engus 9 3 17 

;,_ lo sa sapidissima 1 1 5 

I Bre'Joo rt ia tyrannus 15 2 1 

Cl up ea iiarengus 
harengu s 1 6 1 

I Anchoa mitchiZli 1 6 59 2,046 8 

Engraulis eur ystole 30,307 280 

Merlucci u s bil i neari s 8 1 

I Urophyc i s chuss 12 

Ur ophycis regius 1 

Menidia menidia 1 3 

I SiJngnathus fuscu s 8 

Mo:t> one saxatiZis 1 

Cen tro pri st is st :t> iata 1 

I Pomatomu s s a Zta t rix 1 86 

St e no tomu s ch-P y s o ps 6 

8-:i i :t>diell a ciiry su ra 4 

I CJj nosc i on r e gal is 18 42 

Leio stomus xanthurus 2 

/!fenticirrihus ,- caxa r; i i,i s 1 

Chaetodon ocellatus * ·' 1 

Tau to ga onitis 1 1 

I 
Pho li s gunne ZZus 2 

Pepri li<s triacanthus 4 64 

?r iono tus evolans 6 

I 
Nyoxocepha!us aena'1 US 1 1 

ilf::1 oxocephal u s 
SCO I' p ius** 1 

:5tro pus micros tc:c~us 25 

I Paria.~icht hys dentatus 22 20 

Scophtlzalr::<B aquosus 53 2 

Ps eudo pleuronectes 

I 
ar'?e ricanus 20 1 5 13 

Tota l # s pecies 2 2 1 12 20 8 3 3 3 2 * 

I 
To tal ~ sta tio ns 1 i 2 2 · 2 1 1 1 1 1 * 

I 
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Table 15 - continued I 
LOWER BAY I 

Area F (Romer Shoa l) Mo nths 

1974 19 7 5 I Sp ec i es Jun Jul Aug Sep Oct No v Jan Feb Apr May J un 

Alo 3a aestival i s 19 I Alosa sa:o { di ss ... ~ma 2 

Cl up ea harengus har eng us l l 3 

Anchoa mitch i lli 2 

I EngPauZi s euPys t cle 1 0 

MeY'l u c c ius biZ- i nea pis l 

Me nidia menidia 11 

I S t enotomu s ch Pysops l 

.Tau to ga oni tis 2 

Ta u togaZa /:JP us a ds pe Psus 20 'I ,1rr.modJ.-:-t; e s al'7e r icanus 16 

Pe p Pi Zv. e tr•iacaa thu s 1 

Prionotus cc.roZ.inus 1 

I 14yox oce;ph:z Z us ae naeus l 

?aP:zli,,h t hy s denta .~u;; 3 2 

S c op h taalmus aquosus 1 l l 1 4 

I Psiudop leuronec t es 
a~eri canus 1 1 2 

Total # species l 3 3 * 2 3 6 2 2 * 4 I 
Total # stations l 1 1 * 1 1 1 1 1 * 1 

I 
I 
I 
I ,. 
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I Table 15 - continued 

I LOWER BAY 
Area G Months 

1974 1975 

I 
seecies Jun .Jul Aug: see Oct Nov Jan Feb Apr May Jun 

Mustelii s can is 

Alosa aestivalis 29 85 67 

Alosa pseudoharengus 
. :. 

9 6 1,502 

I Alosa sapidissima 94 152 

Brevoort ia ty rannus 1 3 3 

·I Clur;ea harenf;us 
h~!'engus 25 

Anchoa .-nitahilli 29 20,044 208 

.Engrau l i s eur>ystole 5 I 200 

I Mel'l uccius bilinear>is 7 31 

Uro?hycis chu ss 1 13 

Urophyc:.s regius 3 4 

I Me nidia menidia 344 2 

Syngnathus fuse us 1 4 10 

Marone saxatilis 1 

I Pomatomus saltatrix 13 1 

Cy no scion regal is 12 4 

Tautoqa onitis 3 2 

I Astrosco?US gu ttatus 2 

Pholis gunnellus 4 2 2 

Peprilus t-Piacanthus 7 48 

I Prionotus evolans 1 

Myoxocephalus aenaeus 5 

Myoxoce pha l us 

I 
octodecemspinosus 1 32 4 

.::-i: tharich th:,· s 
arctifrons " .. 1 

Etl'O('US micriostomus 23 8 

I Pc."f'alichth'd s dentatus 5 6 1 

Sco-phthaln:us aquo sus 26 71 14 

Pseu do?Zeurone ctes 

I a.~el'ico;nus 1 126 133 49 

Total # species * * * 5 19 18 16 * * * * 

Total # stations * * * 1 3 2 3 .. * .. * 

I 
I 
I 
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'i'abie 15 - continued I 
LOWER Bl\.Y 1· 

Area H Months 

1974 1975 

I Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun 

i1us te l;;.s can is 7 

-~ Zo sa aestivalis 6 34 7 1 3 

I: losa pseudoha Fengv..s 4 34 201 2 38 I 
Alosa sapidissima 62 3 

2:revoortia tyrannut> 6 246 1 

I Cl up ea hare ngus har- e n.gus 2 

A nchoa hepsetus 2 

.4nchoa mitc'nil-Zi 840 8 

EngrauZ iz eurystoZe 504 ,, 
Synodus foe tens* ;ii; l 

Me rlucciu1< biZineari s 10 5 22 

I Urooh:;cis chuss 2 l 1 364 

Menidia me nidia 1 

S:Jngnathus f use us 3 

11,)I'one a me :J:.cana.-: ,'{ 1 I Poma tarius sc.Ztatrix 8 1 4 

Stanoto . .:i mus .:!hY':f 80 ps 2 

Cync.-s::-~or: regcZis 9 1 6 9 I 'J'a.u toqa ~nit is 1 

/ot:nosc::;;>us guttatus 1 

PhoZi s gu_mie l lu s 11 5 I Pep;,ilus t.riacanth:.a 3 1 

PY·ionotus carolinus 1 1 

t:yoxocephalus aenaeus 1 26 I Ec:r·o pus microstomu s l 

PaY'alichthys dentatus 8 1 3 1 1 

Scoph-i;halmus aquo s us 1 9 11 I Pieudopleuronectes 
ame r icanus 21 7 14 1 59 

:.1cnacan t has hispidus 1 I -----
Total # species * 11 5 * 11 10 6 * 4 17 * 

Total # stations * 2 1 * 1 l 2 * l 3 * I 
I 
I 
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I Table 15 - continued 

SANDY HOOK BAY 

I Area I Months 

1974 1975 

s2ecies Jun Jul Aua Sep Oct Nov Jan Feb Aor May Jun 

I 
Squa b ;s acanth ias 3 

Conger oceanicus 1 

Alosa a estivaZis 1,172 367 2 9 

I Alosa mediocriis** 2 

-~.losa pseudoha l"en gu s 328 24 23 15 

Alosa s a?idi ssima 7 29 55 

I BJ"evool"tia ty J"annus 40 6 1 32 4 

CZ up ea harengu s 
harengus 74 

I 
Anchoa mitchilli 3,232 1,920 30 

Engraulis eurys t oZe 152 312 1 

Merluccius bi linear1;s 69 55 15 7 

I 
Ul"ophycis chuss 42 1 6 135 

Urophy c is l"egius 1 
., 
' 

:1enidi a menidia 8 1 

Hippocampus erectus 1 

I S~nignathus fuscus 2 

,;Jorone s axatilis 1 1 

Pomatomus s a Z tc. t rix 5 79 8 

I ~'omer setapinnas 4 1 

Stenotomus chrys o ps 1 42 

Bairdiella chr y suJ"a 1 

I Cyno scio n l"ega~is 369 6 29 

laiostor~us xa n t hu r us 14 . 1 

Micropogon undulatus 1 

I Tern toga onitis 1 3 

Scomber scom b "? us** 1 

Pepri~us triac an t hus 91 49 20 l 

I Frio no tus e'!o la·1s 1 l 1 1 

;,iyo xocephalus aenc.eus 2 3 

ltr-:;;ru s microstcmus l 11 

I, Pa"flali chthys dentatus 12 9 1 

Scophthal:nus aquosus 10 1 2 11 2 29 6 

Pseudopleuronectes 

I 
ome riicanus 42 8 2 131 44 4 

Total # species 20 * * 15 11 17 10 * * 13 * 
Total # stations 4 * * 3 1 2 2 * * 2 * 

I 
I 81 

I 



I 
I 
I 

Table 15 - continued I 
LOvll:R BAY I Area .I Months 

19 74 1 975 

I Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun 

Mustelus oanis 1 2 

AZosa aestivalis 300 1 22 1 I /, losa pseudohal"engu s 40 3 1 2 

Alosa sapidissima 7 1 6 

Bl"e voortia tyrannus 4 2 I Anchoa mitohilli 104 1 26 

Engl"a ul-~ s eurystole 1 2 

Mal" luooiu s bilineal"i s 3 8 I U1'op hyois ohuss 2 1 23 

Menidia men idia 2 5 

Marone so.xatilis 8 I Poma to mu a sa ltatl"ix 3 1 1 

Stenotomus chrysops 1 

Cynoso-ion l"egalis 1 3 1 2 I Tau toga onitis 3 

Taur;ogo labrus ads pel"sus 1 

Peprilus triacanthus 11 2 I Pl"iono tus carolinus 1 

Myo:r:ooepha lu s aenaeus 1 2 

Myoxooephalus I ootodeoemspinosus 2 

Pal"a l io h th ':f S dentatus 4 

Scophthalmus aquosus 3 3 3 

I Pseudopleuro nec tes 
amerioanus 11 4 7 3 2 

Total " species 14 3 2 * 4 9 3 1 7 8 * .I r. 

Total # stations 2 1 1 * l 1 1 l 2 1 * 

I 
I 
I 
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I Table 15 - continued 

I 
RARITAN BAY 

Area M Mont'.':ls 

I 
1974 1974 

Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun 

Alosa aestivalis 3 97 

I Alosa pseudoha rengus 7 21 13 4 3 

Alosa sapidissima 2 4 6 

Brevoortia t "':! ran nus l 1 7 

I Clupea harengus ha re ngus 1 l 

Anchoa mitchilli 31 

Engraulis eurystole 16 

I Merluccius bilinearis 2 33 

Uroph bcis chuss 116 4 

Uroph -;Jcis regius l 1 1 

I Uro phyci s tenuis l 

i'vle nidia men1:dia l 

Gastero:o teus acul eatus•• 1 

I 5~, ngna t hi!s fuse u s 1 

Cynoscion regal is 2 

Pep r ilus triacanthus 3 

I Sco?hthalmus aquosus 1 

Ps eudople uronectes 7 39 13 1 3 
amer>icanu s 

I Total # species * * * * 3 9 7 1 3 7 6 

I Total # stations * * * * 1 1 1 1 1 1 l 

I 
I 
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Table 15 - continued 

RARITAN BAY I 
Area N Mo n ths 

19 74 1 975 I 
Species .Jun Jul Aug Sep Oct Nov Jan Feb Apr May J u n 

AZosa aestivaZis 9 1 I AZoaa pseudoha1'engus 2 4 1 

AZo sa sapidissima 1 2 

BrevooY'tia ty1'annus 3 1 I Ar.choa mitchilZi 17 20 

Eng Pau l i s eurys toZe 2 

MerZuccius bi Zineari s 124 I Urophyc is chuss 24 

Urophycis regius 2 

U1'o phycis tcY1uis 2 0 I Syn gnathus fuscus 1 

Pomatomus :;altatrix 1 

Cynos cion rega l is 1 4 1 I Men t; ici rrhu s saxatilis 9 

PepriZus triacanthus 3 10 

ParaZichthy s dentatus 1 'I Scopht halnun aquosus 2 2 

PseudopZeuronectes 
americanus 3 57 6 8 5 

I 
* * Total # species l 2 1 4 5 7 * 7 5 

Total # stations 1 1 1 1 1 1 * * * 1 1 I 
I 
I 
I 
I 
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I Table 15 - continued 

LOWER BAY 

I .Z\rea K (Fly nns Knoll) Months 

19 74 197 5 

I Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun 

Mustelu s can i s 5 1 1 1 3 

I 
Alosa p s eudoharengus 23 1 

Alosa sapiO:issima . 5 2 

CZ up ea harengus harengus 5 2 

I 
Anchoa mi tchilli 1 1 4 l 

SngY'aulis euY' ystole 64 

Me r luccius bilin eaY'is 1 

I 
U't'ophycis chuss 1 

Ur>oph y c i s l'egius 1 

Menidia menidia 7 28 

I 
Hippo campus e r ectus 1 

Ce ntl'op l' istis str> ia t a 4 

Fomatomu s s a lta tr i:r: 2 1 

I 
Stenotomu s chry sops 7 6 2 

Cy no scion Y'egalis 5 

Menticir>r>hus sa:r:atil i s l 

Amrr:ody t es amel'icanus 15 l 29 

I Myo x o c ephc.lu s 
octodecemspino s us 1 

Paralichthys dentatus 2 2 

I Scophtha Zm:rn aquo s us 2 3 l l l 

Pseudop3 e ul'onectes 
a mer>icanus l 1 2 1 

I Total # s pecies 2 4 0 7 4 8 6 6 * 4 3 

Total # stations 1 1 1 1 1 1 1 1 * 1 1 

I 
I 
I 
I 

8 3 

I 



I 
I 
I 

Tabl e 15 - continued I 
RARITAN BAY I 

Area L Months 

1 974 1975 

Species Jun Jul Aug Sep Oct No'v Jan Feb Apr May Jun I 
Alosa aesti va lis 9 l l 70 2 1 

A lo Se< ps e:,.doha l'engus 8 3 l l 3 I 
A Zosa sapidissima 1 

BY'evoortia ty:r>annus 3 l 1 

Cl up ea harengus har·engus l 9 

An:::hoa mitchilli 13 228 4 
I 

Eng:r>aul·~s euyi ys to le· 23 

Me:r>luccius bilineal'i s 1 6 

Urophycis chuss 39 
I 

Hippoe:ampus er>ectus l 

Cz1 noscion regal is l 2 

Menticirrh'!As sa:catilis 3 I 
Fep l'iZ us triacanthu s 2 8 

S:::ophthaZ-mus aquosus 1 1 

Pseudopleuro nectes I 
am.eric.:::zr..us 3 16 3 

---- - ·-
Tota l # s pecies 0 * 3 5 2 4 2 4 3 8 2 I 
Total # stations l * l l l 1 l l 1 1 l 

I 
I 
I 
I 
I 
I 
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I Table 15 - continued 

I SANDY HOOK BAY 

Area 0 Months 

I 
1974 1975 

Spec ies Jun Jul Aug Sep Oc t Nov Jan Feb Apr May Jun 

i4ustelus can is 31 

I Alosa aestival is 1 1 

Alosa pseudoharengus 1 9 

Alosa sapidissima 7 13 

I Brevoortia tyrannus 2 2 4 

Clupea harengus harengus 1 

Anchoa mitchilli 1 44 22 

I EngrauZis eur ystole 480 

Urophycis chuss 2 

Urophy cis regius 1 6 3 

I Urouhycis tenuis 33 

Menidia menidia 2 2 

1'1Jorone saxat;ili s 1 

I Centropristis stria ta 1 

Pomatomus saltatY'ix 1 4 

Vol"lel' set:;pinnis 1 

I Steno to mus chrysops 1 

Cynoscion regal is 13 13 3 1 

Peprilus triacanthus 3 

I Myoxocephalus aenaeus 1 

Etro;ius microstomus 2 

Paralichthys dentatus 10 1 6 2 

I Scophthalmus aquosus 1 3 2 

Pseudo p leuronectes 
ameyiicanus 21 1 2 2 5 9 

I Tota l # s?ecies 1 11 2 8 4 9 4 * * * 9 

Total # stations 1 3 1 1 1 1 1 * * * 1 

I 
I 
I 
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Ta ble 15 - cont. iriued 

I 
Sl1NDY HOOK BAY 

Area p Months I 19 74 1 975 

Species Jun Jul Au g S e p Oc t Nov J an Feb Apr May J un 

Raja erinacea** 10 6 I Conger oceanic us 1 

Alosa aestivalis 1 38 26 31 2 1 

Alosa pseudoharengus 3 19- 111 1 2 I Alosa sapidissima 13 80 1 2 1 

Brevoortia tyrannus 11 7 1 5 1 

Clu;;; ea har engus harengus 3 24 I Anchca mitchiZZi 31 58 

Lophius americanus** 1 

Mer-7.uccius bilinearis 28 1 1 0 I Urophycis chuss 5 1 25 

Urophycis regius 6 1 

U:ro phycis tenuis 2 I Menidia menidia 17 3 1 78 

Sy ngnathus fuscus 5 

C:entropr-istis stria ta 1 I Stenotomus chrysaps 1 1 

BairdieZZa chr ysura 5 3 

Cd no scion r-egalis 2 1 61 7 5 I Leio s tomus x anthurus 3 

Micl'opogon undulatus 1 

Tautog:z on·itis 1 1 1 I Astroscopus guttati-:s 1 

PepriZus t r> iacanthus 1 4 8 

Prionctus evolans 2 1 I Ei::t•opus microstomus 1 54 

Paralichthys dentatus 1 2 3 2 2 
': ~ 

Euophthalmus aquosus 2 37 72 1 9 2 I Pseudopleuronectes 
americanus 2 5 70 112 8 20 

Total # s pecies * 6 3 * 1 3 1 8 6 7 3 8 11 I To tal # s t a tion s * 1 1 * 2 2 1 1 1 1 1 

I 
I 
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Table 15 - continued 

I 
SANDY HOOK BAY 

I Area Q Months 

19 74 1975 

I 
Species Jun Jul Aug Sep Oct No v Jan Feb Apr May Jun 

Conge r> oceanicus l 

Alosa aestiva lis 41 

I Alosa p seudo harengus 28 20 5 

Alo sa s ap i dis s ima 

Brevoortia ty r>an nus l 2 

I Cl upea ha r> engu s harengus l 

Anclzoa hepsetus l 

Anchoa mitchiZZi 98 

I :.Jer l ucc ius bilinea I'is l 7 12 

Ur>oph ycis chu ss 4 14 34 

Urophycis r>eg ius l 

I :.~enidia menidia l 

Syngnath us fuscus l 

Poma t omu s saltatr i x l 6 

I Stenotomus c hI'ysop s l 

CJnoscion regal is 5 7 

Pep r ilu s triacanthu s 3 

I Pr ionotus evolans l 

Paralic h thys de ntatus 2 3 

Scophthalmu s aq uosus 1 2 2 22 

I Ps eudopleur>onectes 
americanus 25 3 49 9 

Total # species 3 2 6 * * 8 3 * 8 5 * 

I Total # stations l l l * * l l * 2 l * 

I 
I 
I 
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Table 15 - continued 

I 
SANDY HOOK BAY 

Area R Months I 
1974 1975 

Species Jun Jul Aug Sep Oct No v Jan Feb Apr May Jun I Mustelus can is 1 

Alosa sapidissima 1 50 

I Br·evoortia tyrannus 4 

Anchoa mitchill i 1 164 144 4 

Engraul is eurystole 2 

I Mer Zuccius biZinearis 10 6 

Urophycis chuss 1 06 

Ur-ophyci s regius 20 

/1enidia menidia 1 I Pomatomus salta trix 1 0 4 

Stenotomus ch~ny s ops 15 

Cynoscion r egal is 7 38 l 5 I Leiostomus x anthurus 1 

idugil cur-ema~* l 

Pe pri lu s tY'iacanthus 10 4 1 4 I Prionotus caro linus 1 

Prionotus evolans 44 5 1 

Etropus mic1-.?stomus 1 4 I Paralicht hys dentatus 2 12 1 1 

Scophthalmus aquosus 1 3 41 8 

Ps eudopleuronectes I americanu s 2 16 19 35 49 7 

Total # species 6 10 3 8 6 9 1 * * 4 * 

I Total # stations 1 2 l 2 l 1 1 * * l * 

I 
I 
I 
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I Table 15 - continued 

I SANDY HOOK BAY 

I 
Area S Months 

1974 1975 

Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun 

I Alosa ae st ivalis 1 0 10 

Alosa pseudoha:r>engus 1 21 6 

I Alosa sapidissima 25 2 

B:r>evoo :r>tia ty :r>annus 1 1 1 

Cliq,ea ha :r>engus ha:r> engu s 10 1 

I Anchoa mitchilli 35 2 

Eng:r>aulis eu:r>ystole 3 

.'1erluccius bilinea:r>is 1 2 

I 
Urophycis chuss 50 

Urophycis regi us 1 

,'efenidia menidia 6 3 5 

I 
Rip'{}Qcampus erectus 1 

Pomatomus saZtatrix 2 

Cynoscion :r>egalis 1 1 

I 
Tau toga onitis 1 

Prionotus evolans 1 

Paralichthys dentatus 5 

I 
Scophthalmus aquosus 7 1 

Pseudopleuronectes 
9 ame ricanus 10 35 3 

Total # spec ies * 4 5 * 4 5 7 * 2 8 * 

I Total # stations * 1 1 * 1 1 1 * 1 1 * 

I 
I 
I 
I 
I 91 



Alc-sa p s eudohareng~s , A . aestivali s, A. 

sapidissima , Brev0ortia t y rannus , Clupea 

harengus harengus , Merluccius bi:inearis , 

Urophyc-~s c huss , U. r egi:-is , Arr:rr.oC.y t es 

americanus , and PseudopZeuronectes ameri -

ca nus . The winter flounder P. a~ericanus 

was mostly found in Area G of the Lower 

Bay, during the January survey . 

The spring and summer months in the 

Lower Bay can be generally characterized 

as the periods of fewest number o f species 

and fewest number of individuals per spe

cies. The eight most common species 

encountered are: Alosa aestivaZis , A. 

pseudohare ngus , Urophycis chuss, U. regius, 

Menidia menidia, Paralicht hys dentatus , 

Sc~phthalmus aquo s us , a nd Pseudopleuro

nectes americanus . 

Raritan Bay stations generally 

yielded fewer numbers of species and indi

viduals per species. Similar patterns of 

seasonal abundance o f the species 

described above for the Lower Bay were 

noted in Raritan Bay. Area L in Raritan 

Bay e xhibited the fewest number and 

species of fishes in the study. 

Sandy Hook Bay stations sampled by 

~ilk et al. (1977) were as productive as 

most areas in the Lower Bay. The numbers 

of species and individuals per .species in 

northern blocks (numbered 1-9 in Fig. 29 ) 

of the Bay were higher than in southern 

blocks, similar to the pattern described 

by Wilk and Silverman (1976). Again, the 

patterns of seasonal abundance . were simi

lar t o that noted in the Lower Bay. Sandy 

Hook Bay appears to be an importan t haven 

for some semi-tropical species, including 

Fom13.r setapinnis, Selene vomer, Chaetodon 

oeelZatus , and Hippocampus erectus . 

ASSESSING THE BIOLOGICAL EFFECTS 

OF SAND MINING 

I ntroduction 

The effects of sand mining in the 

Lower Bay Complex must be addres sed from 

physical , chemical, g eolog ical, and 

92 

bio l ogical viewpoints. It has already 

been noted that several physic al and chem

ical e ffects c a n be predicted for the 

creation cf mining ho l e s in the Bay bot

t om (Swartz and Brinkhuis, 1 978; Wong and 

Wilson, 1979 ) . I n selecting mining sites, 

one must first locate sources of suitable 

material ; the n, for each such site, 

address a range of potential physical, 

bio log ical, etc. effec t s. It is diffi

cult , indeed almost impossib le, t o 

determine which of t hese effects has the 

most significance. However, we must k now 

what the biological conununity consists of 

at the candidate site since the first 

biological effect is out ri ght removal of 

any benthic inhabitants. Thus , if a har

vestable organism, or species, important 

to the survival of others,occurs in the 

area , it may not be desirable to exploit 

the sand resource at that locati on . On 

the other hand, if no important s pec ies, 

or low n u.-nbers of any organisms, occur at 

the site, othe r effects may be t hen 

addressed . For example, would mining the 

candidate site affect circulation p a t 

terns (it may also improve them), tidal 

current velocities, or create potential 

shore e rosion problems? 

As important as these effects may be, 

one must also consider the biological 

effects of suspended sediment plumes that 

will result f rom mining marine depos i ts. 

This effect could extend to other loca

tions outside the mining site, where 

important species may occur . It has been 

wel l documented that s uspe nd ed sediments 

affect a wide range of organisms. Each 

species has it's own to l e rance limit to 

certain concentrations of suspended sedi

ment. The s pecif ic effects include t he 

clogging of g ills and interfering with 

respiratory gas exchanges as wel l as 

physical damage to biological membr anes 

(~he description of specific e ffects in 

various spec ies will be dealt with later ) 

To evaluate these potent ial e ffects, 

we must be able to pred i ct the range and 

e xtent of . suspended sediment 
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~ concentrations, and then relate the struc

ture and pattern of the plume to known 
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organism distribution patterns. Of course, 

if organism distribution at and near the 

candidate site is not known, one must con

duct field surveys to determine organism 

abundance and distribution. 

In the next sections, we will first 

describe a typical mining operation, then 

use a model to predict the structure and 

extent of suspended sediment plumes under 

a variety of conditions, and.finally re

late the predicted distribution of the 

suspended sediments to the known distri

bution of organisms falling within the 

plume area. The literature dealing with 

the effects of suspended sediments will 

then be examined for each species that 

may be important. 

Th e Mining Sce nario 

Sand mining operations in the Lower 

Bay Complex might entail a n~mber of loca

tions and a variety of equipment. In 

interviews with several mining companies 

who have expressed interest in exploiting 

the Bay's sand resource, it has been de

termined that most operators intend to use 

a bucket-ladder dredge or clam-shell 

dredge (Sanko, personal communication) 

Hydraulic suction dredges will probably 

not be used, primarily because 1) they 

require water deeper than exists in po

tential mining sites and 2) the loading 

capacity per unit time of these dredges 

far exceeds the capacity to screen sands 

to obtain the desired material. Host of 

the deposits would probably have to be 

screened to obtain certain sand mixtures 

as per Department of Transportation (DOT) 

specifications. The extent of surface 

deposits showing coarse grained material 

that could be used as is, with little or 

no screening (see Table 3), is small and 

it is not certain that the coarser material 

persists with depth in the deposit. 

It would be most economical to pro

cess mined sand at or near the site of 
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removal. T~o areas for proposed mining 

have been recorrmended by the New York 

State Department of Conservation, U.S. 

Environmental Protection Agency, and New 

York State Office of General Services. 

One area is on the East Bank; the other in 

the vicinity of Old Orchard Shoal (see 

Fig. 23). These areas are currently being 

survey ed for the presence and density of 

benthic invertebrate taxa, as well as 

fishes, by the author. The East Bank site 

encompasses surficial sediment Deposits I, 

III, and IV, while the Old Orchard Shoal 

site sediment deposits are described as 

Lower Bay Sands and Deposit XIV (see 

Fig. 11 and Table 3). All of these sur

face deposits are in the fine to medium 

sand size range. Bokuniewicz and Fray 

(1979) indicate that these deposits 

probably extend to a depth of approximate

ly 10 m. 

In a typical mining scenario, a 

clam-shell or bucket-ladder dredge would 

load material into a number of 1,000 to 

1,200 yd 3 barges. These barges are nor

mally loaded to 3/ 4 capacity, or in metric 

equivalent, to 500 to 700 m3 of material. 

Assuming a mean density of 1.5 for a sand/ 

water mixture with a fine to medium grain 

size (Berner, 197 2), the material in one 

barge load will weigh 750 to 1,050 metric 

tons of which approximately 60% is sand. 

The material loaded into the dredge barge 

may then be pumped into an adjacent barge, 

over appropriate screens. Undesirably 

sized material will be washed overboard. 

Interviews with mining companies, con

ducted b v Sanko (personal conununication), 

indicate that a maximum probable process

ing rate is of the order 136 metric tons 

(150 tons) per hour. Best estimates 

indicate the screening opera_tion requires 

5.68 x 10 5 liters sea water per hour to 

process 135 metric tons of sediment 

(quoted at 150 tons/ hr, 2,500 gal/ ton; 

1 ton= 0.907 metric tons; 1 gal= 3.7854 

liters). It is estimated that in a o;or s t 

case situation, the screening operation 

will dispose of 35% of the hourly intake 



Table 16. Criteria for acceptability of New York Harbor 
(from Kastens et al., 1978). 

Mortar Sand 

N.Y. State Department of Transportation Specification 703-03 

states: 

When dry, mortar sand shall meet the following gradation 
requirements: 

Sieve Size 

#4 
#8 

#50 
#100 

16.00 mm 
2.83 nun 

.30 mm 

.149 mm 

% Passing by Mas~ 

100 
95-100 
10-40 

0-15 

In addition, aggregate ~ust meet standards for organic 
impurities. 

Grout Sand 

N.Y. State Department of Transportation Specification 703-04 

states: 

When dry, grout sand shall meet the following gradation 
requirements: 

Sieve Size 

#16 1.19 mm 
#100 .14 9 ;nm 

#230 .062 mm 

% Passing by Mass 

100 
0-10 
0- 6 

Since we did not use a #16 sieve, in the following table 
sand is considered acceptable if greater than 99 % passes 
the #18 (1 mm) sieve. In addition, aggregate must meet 
standards for organic impurities. 

Cushion Sand 

N.Y. State Department of Transportation Specification 703-06 

states: 

Material for cushion sand used for concrete block slope 
paving shall, when dry, meet the following gradation 
requirements: 

Sieve Size 

3/ 8 inch 
#4 
#8 
#16 
#30 
#50 
#100 
#200 

% Passing by Mass 
Minimum Maximum 

100 
90 
75 
50 
25 
10 

l 
3 

100 
100 

85 
60 
30 
10 

3 

Concrete sand must also meet requirements for o rganic i mpuriti es. 
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Table 16 - continued 

Mineral Filler 

N.Y. State Department of Transportation Specification 703-08 

states: 

Mineral filler used in bituminous concrete mixtures shall meet 
the following gradation requirements: 

Sieve Size % Passing b v Mass 

Blasting Sand 

# 30 . 59 r.un 
#80 .177 mm 

#200 .074 mm 

1 00 
85-100 
65-100 

There are 2 types of blasting sand: G-1 is fast cutting, while 

G-2 is slower on the first pass. Gradation requirements are as 

follows: 

Sieve Size % Retained by Mass 

H2 1. 68 
#16 1.19 
#20 .84 
#30 .59 
1140 . 42 
pan 

nun 
nun 
r..m 
nun 
nun 

G-1 
-0-

15-30 
20-30 
25-35 
10-20 

0-10 

G-2 
60-85 
20-35 
0-10 

Reference: Aualysis of Ambrose Channel Sands by the 
N.Y. Sta~e Department of Pub lic Wcrks , 
Bureau of Materials. This report was 
furnished by J. Marotta of the N.Y. State 
Office of General Servic~s. 

Fill Sand for Roadways 

A. Select Subgrade: N.Y. State Department o f Transportation 
Specification 203-2.01 states: 

Select subgrade shall consist of any suitable material 
hav ing no particles greater than 6 inches in diameter. 

B. Select Borrow and Select Fill 
1. For underwater placement: 

Sieve Size 

#200 . 074 rmn 

2. For above water placement: 

% Passing 

10 

Sieve Size % Passing 

6 inches 
#200 . 074 mm 

95 

100 
15 



Table 16 - continued 

Filter Sand 

American Water Works Association Standard BlOO for Filtering 

Materials states: 

"Filter Sand shall consist of hard durable grains of 
material less than 2.4 mm in greatest diameter." 

Since we did not use a 2.4 mm sieve in our analysis, in the 

following table sand is marked acceptable for filter sand if less 

than 2% was retained on the 2 mm (#10) sieve. For determining the 

acceptability and uniformity of filtration sand, "effective grain 

size" and "uniformity" coefficients are used. The effective grain 

size is the 10th percentile measured in mm: 

Effective Grain Size= Mm 1 0 

The uniformity coefficient is the 40th percentile divided by the 

effective grain size: 

u 
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as fine material. This estimate is based 

on reports of maximum % sediment mass less 

than 0.149 mm in size reported in samples 

from Kastens et al. ( 1978) . The cut-off 

size of 0.149 mm is used because larger 

material would meet most of the DOT speci

fications for a variety of sand uses (see 

Table 16). In other words, 35% of 135 

metric tons will be discharged per hour. 

This equates to 13.23 kg·s- 1 of sediment 

discharge. The use of a clarn~shell or 

bucket-ladder dredge will not result in 

any large amounts of suspended sediment 

while material is brought to t h e surface, 

so we need only concern ourselves with the 

mass discharge resulting from processing. 

Using these data, we can predict th.e ex

tent and concentrations of suspended sedi

ments in plumes downstream, in the tidal 

current, of the processing barge by apply

ing the suspended seGiment plume model 

prepared by Wilson (1979) . 

Prediction of Sediment Plumes 

The model developed by Wilson (1979 ) 

is designed to describe the extent and 

structure of suspended sediment plumes 

produced by open-water pipeline disposal 

of dredged material in shallow waters. 

This model may also be used to model 

plumes resulting from a conti nuous source 

of suspended sediments, i.e., a screening 

operation of mined sediments that results 

in overboard disposal. The resulting 

plume will exist for the duration of one

half the tidal cycle, because, when the 

tidal flow reverses, the plume will disin

tegrate (Sch ubel et al., 1978; Wilson, 

1979). Nomographs prepared by Wilson 

(1979) can be used to predict suspended 

sediment concentrations along the center

line of the plume. The predictions made 

by the model only relate to vertically 

averaged concentrations in a steady and 

spatially uniform ambient flow field. A 

complete description of the model is pre

sented by Wilson (1979) 

We will first examine a hypothetical case of a mining/ screening operation performed 

in the vicinity of Old Orchard Shoal. As inputs to the model, we require the following 

information: 

1. 

2. w 

3. D 

4. t 

5. y 

6. u 

diffusion velocity= 1 cm·s- 1
: ~stimated by Okubo (1962, 19 71 1 

settling velocity of sediment 

(personal communication) 

1 x 10- 2 cm·s- 1
: estimated by Schubel 

average thickness of water column containing suspended sediment. In 

shallow water < 8 m deep, this is approximately 1/ 2 the water depth 

(Schubel et al., 1978). Water depth near Old Orchard Shoal i s ~ 7 m, so, 

D = 3.5 m 

maximum plume age= (0.5) (tidal period ) 

for Lower Bay] = 6.21 h 

(0 .5) (12.42 h) [Swanson, 1976, 

ratio of plume age to settling time = Wt/D 

(1 x 10- 4 m·s- 1
) (6.21 h) (3600 s·h- 1 ) /( 3.5 m) 0.64 

tidal current amplitude = (mean tidal cur rel"'t speed) (2/rr) 

( 50 cm·s- 1
) (2/TT ) = 31.83 cm ·s- • : current speed data from Doyle and 

Wilson (1978) 
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7. w/u 1 ( cm · s - 1 
) ( 31 . 8 3 cm · s - 1 

) 0.03 

8. Q water volume discharge rate= 150,000 gal ·h- 1 = 1 .577 x 10- 1 m3 ·s- ' , 

or 1.577 x 10 2 l·s- 1
: see p revious discussion in Mining Scenario 

9. q mass discharge rate at source= 13.23 kg·s- 1
, or 1.323 x 10 7 mg·s- 1

: 

see previous discussion in Mining Scen~rio 

concentration of suspended sediment at source q / Q ( l.3 23 x 10 7 mg·s- ')/ 

( 1 • 5 7 7 X 1 0 Z 1 ° S - l ) : 8 • 3 9 X 10 L mg o l - ) 

11. x distance measured along centerline of plume. The plume front is at a 

distance 1/ 2 the tidal period, or x*i!t . Converting u to 3 .1 83 x 1 0- 1 m·s- 1 

and t to 2.24 x 10 4 s, the front is 7.828 x 10 3 m, or 7.8 km downstream 

12. x• non-dimensional, or normalized distance measured along the plume center

line. It is a function of x / ut . The point at which the sediment 

concentration falls to near zero 110-" ) is where w/u (here= 0 .03) crosses 

the abscissa in Wilson's Figure la, or 1.1 

We now have enough information to ap

ply the plume model, using the nomographs 

prepared by Wilson (1979 ) . The nomographs 

available, without the extra expense of 

generating a separate solution for y 

0.64 , include only y = 0.1, 1. We will 

calculate concentrations of suspended sed

iment at a number of distances, x•, along 

the plwne centerline for these two gamrr.a 

va lues, and interpolate b etween them to 

arrive at concentrations for y = 0.64. 

First, we must . determine the value o~ 

the no rmalized centerline concentration at 

x• = 1, G(l, w/u , y) , for w/u = 3 x 10- 2 

and y = 0.1. This may be determined from 

Wilson's Figure ld. For the first case, 

G( l, w/u , 0.1) = 2.5 x 10- 2 while in the 

second case, G(l , w/u , 1) = 9.8 x io- 3
• 

'rhe concent.ration, C , at any normal

ized distance x• along the centerline may 

be descri bed by: 

c (C
0

) ( Q) [G(x * , w/u , y)/ 

G(l, w/u , y )] [G(l, w/u , y) ]nw2 Vt 

where nw 2 Dt is used to nondimensionalize 

the flux o f water, Q, and has the value 
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( ~; ) (1 x io-• m·s- 1 ) ( 3.5 m)* 

(6.21 h ) (3600 s·h- 1
) 24.58. For 

G( l, w/u , 0.1 ) 2.5 x 10- 2
, 

C 8.39 x 10 4 mg·l- 1
; and 

0 

Q 1.577 x i o- 1
, m3 ·s- 1

, 

C 13.46 [G(x* , w/u , 0 .1 )/ 

C (l, w/u, 0 .1)) 

and for 

C( l, w/u, 1) = 9.8 x 10- 1 

C = 5.28 [ G (x* , w/v. , l) /G (l, wh , l )] 

Using these values, we can proceed t o 

evaluate G(x* , w/u , y)/G (l, w/v. , y) for 

each value of x• we are interested in by 

using the nomograph in Wilson's Figure la 

( y = 0.1) and Figure l b (y = 1 ), and cal

culate C at each x* along the centerline 

of the plume. ..These calculations are 

shown in Table 17. 

To arriv e at approximate concentra

tion values for y = 0.64 in a 7 m wate r 

column, we can linearly interpolate con

centration values at y = 0.1 and y = 1.0. 

These v alues are presented in Table 19. 

To estimate the maximum width of the p lume 

at each value of x*, we can divide by 10 

(Carter, personal communication). These 
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values are also presented in Table 19. We 

can now draw a plume with the concentra

tions isopleths calculated and position 

this plume along the direction of tidal 

flow over a potential mining site. We se

lected a depth of 7 m and an w/u of 0.03 

corresponding to average depths and an ebb 

current amplitude of 0.5 m·s-l over the 

Old Orchard Shoal deposits. Superposition 

of the plume over this area on the ebbing 

tide is shown in Figure 30. It makes some 

sense to create plumes only 9p ebbing 

tides, because on incoming tides a plume 

7.87 km long might extend well into New 

York Harbor or western Raritan Bay. on 

·the ebbing tide, suspended material would 

be transported in the direction out of the 

Lower Bay. The mode.l assumes a current 

flow of uniform flow and direction. Fig

ure 30 shows that the plume is diverted to 

the southeast, a condition not actually 

modelled. Current flow data from Doyle 

and Wilson (1978) indicate that the cur

rents near Ambrose Channel flow southeast. 

The flow leaving Old Orchard Shoal is 

deflected by the shallow Romer Shoal, and 

most of this water exits via the Swash 

Channel. The depiction in Fig. 30 situates 

the latter half of the plume to the west of 

Romer Shoal, over the Swash Channel. 

Of course, the model can not predict 

where the material will actually fall to 

the bottom. At the time of tide direction 

change, however, much of the material in 

suspension at each distance along the 

plume will quickly settle to the bottom. 

Remember, the model only predicts plumes 

resulting from suspension of sediments. 

About 99 % of the mass discharged at the 

source falls to the bottom near the source 

(Schubel et al., 1978). 

We can make calculations for plumes 

that may be created by mining on the East 

Bank site. Two variables change: the 

tidal current amplitude on ebbing tides is 

0.7 m·s- l and the average water depth is 

5 m ( ~ = 2.5) resulting in an ~1~ = 0.02, 

and a y = 0.80. The nomograph values for 
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C(x*, w/u , 'f)/G(l, w/ u , y) at y = 0.1, 1 

for the East Bank are shown in Table 18. 

We will again linearly interpolate between 

calculated concentrations at y · = 0.1, 1 

values to approximate concentrations at 

y = 0.8 (Table 19). Remember, we must re

evaluate the normalizing term rrw 2 Dt 

because the depth has been changed to 5 m. 

Its value for the current case is 17.56. 

The structure and shape of the plume are 

shown in Figure 30. 

The situations modelled thus far rep

resent wor st ca s es on ebbing tides . . If we 

wish to examine the extent of plumes on 

flooding tides at lower current speeds, we 

can state without modelling that the 

plumes will be shorter and more dense 

within all areas of the plume. In model~ 

ling a processing plume on the East Bank, 

we assumed that 35 % of the material mined 

would be disposed. Sediments in this area 

are usually medium sized. At most, proba

bly only 15% of the mined material might 

be discharged back to the water. For the 

Old Orchard Shoal site, actual sediment 

discharge rates may also be lower. 

Let us examine one more case on the 

East Bank, again on ebbing tides, at a 

reduced overboard discharge rate. The 

following parameters apply as a result of 

a reduced processing discharge (15 % of the 

mass mined) on the East Bank: 

q 

Q 

11.02 kg·s- 1 

1.577 x lo-l m3 -s-l 

0.02 

0.80 

q/ Q = 6.987 x 10" mg·l- 1 

Note that only q and C? are affected. 

We can still use the values for y = 
0.1, 1, etc. as presented in Table 18. 

New calculations of C at each x * along 

the centerline are shown in Table 20 and 

interpolated values of C for y = 0.8 are 

shown in Table 21. The structure and 

sr,ape of the new plume are shown in 

Figure 31. 



Table 17. West Bank (Old Orchard Shoal) nomograph values 
of C(x• , w/ u, y ) /~( l, w/u , y) at distances x• down the 
centerline of the plume (from Wilson, 1979; Fig. la and lb) 
converted to average vertical concentrations, C , in a 7 m 
deep water column. 

For y = 0 .1; W/I/. = 0. 03; front distance x 
G(l) = 2.5 x 10-2 ; 

,... 
v = (13.46) G(x*)/G (l) 

Distance 
from 

G(x")/G (l } xJ+ source (m) 

220 0.01 78 

" 48 0.05 391 

24 0 .1 783 

4. 8 0.5 3,914 

1 l. 0 7,828 

lo-• l.l 8. 611 

For y = 1.0; w/ u = 0.03; front distance x 
G (l} = 9.8 x lo-'; c = (5.28) G(x>i ) /G (l) 

530 0.01 78 

100 o.os 391 

4S 0 .1 783 

6.3 0.5 3,914 

1 1. 0 7,828 

lo-• 1.1 8 ,611 

lOO 

7.83 x lO'm; 

C( mg·l- 1 ) 

2,961 

646 

323 

65 

14 

" 0 

2,798 

528 

253 

33 

5 
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Table 18. East Bank nomograph values of G(x*, CJ/u, y)/ 
G(l, w/u, y) at distances x* down the centerline of the 
plume (from Wilson, 1979; Fig. la and lb), converted to 
concentrations, C, in a 5 m deep water column. 

For y = 0 .1; w/u = 0.02; front distance x = 1.1 x lo-• 
G(l) = 1. 7 .. :X lo- 2 , c = (12.75)G(x*)/G(l) 

Distance 
from source 

G(x*)/G(l) x* (m) C(mg·l-t) 

220 0.01 110 2,805 

48 0.05 550 612 

24 0.1 1,100 306 

4. 8 0. 5 5,500 61 

1 1. 0 11,000 13 

lo-• 1.1 12,100 ::: 0 

For y = 1.0; w/u = 0. 02; front distance 1.1 x 10 4 m; 
G(l) = 6. 8 x 10- 1 ; c = (5.12)G(x*)/G(l) 

530 0.01 110 2,714 

100 0.05 550 512 

48 0.1 1,100 24 6 

6. 3 0. 5 5,500 32 

1 1. 0 11,000 5 

lo-• 1.1 12,100 0 
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Table 19. Inter~olated, vertically averaged sediment concen
trations (C) at various distances (x*) down the plume 
centerline interpolated from Table 17 and Table 18. 

For water 7 m deep , y = 0.64 (Old Orchard Shoal) 

Distance Max. 
from source plume width 

x~ ( m) C (mg· l- 1
) (ml 

0.01 78 2,857 8 

0.05 391 570 39 

0 .1 783 267 78 

0.5 3,914 45 391 

1. 0 7 ,828 8 783 

1.1 8' 611 0 861 

For water 5 m deep, y = 0.80 (East Bank 

0.01 110 2,732 11 

0.05 550 532 55 

O.l 1,100 258 110 

0.5 5,500 38 550 

1. 0 11,000 7 1,100 

1.1 12,100 0 1,210 
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Fig. 30: Projected excess suspended sed iment concentrations (mg.1·1
) in plumes generated at Old O;chard Shoal and East Bank 

sites with a mass input of 13.23 kg.s·1. Current vectors (from Doyle and Wilson, 1979) are shown for intermediate water depths. 

OLD 
ORCHAR 
SHOAL 

-----=-:.:- --
---::- ... _ -- ... :--

0 

lcm =1200m 
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Fig. 3!: Projected excess suspended sediment concentrations (mg.1"') on a plume genera1ed at the East Bank site wit~. a mass in· 
put of 11.02 kg.s·1• Current vectors (from Doyle and Wilson. 1979i are shown for interm~dia!e water depths. 
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Table 20. East Bank nomograph concentra
tion values (C) at distances x for a 
processing plume with a sediment discharge 
rate of 11.02 kg·s- 1 and C0 = 6 .987 
6.987 x 10 4 mg·1- 1

• All other conditions 
identical to those in Table 18. 

For y = 0.1; C = (10.62) G(x*)/G(l) 

Distance 
from source 

(m) 

llO 

550 

1,100 

5' 500 

11, 000 

12,100 

For y l; C 

100 

550 

1,100 

5,500 

ll, 000 

12,100 

(4 .26) G(x *) /G(l) 

2,336 

510 

255 

51 

7 

0 

2,258 

426 

204 

27 

4 

0 

Table 21. East Bank interpolated, verti
cally averaged sediment concentrations (C) 
at various distances down the plume 
c en terline interpolated from Table 20. 

For y = 0.8 

Distance Max. 
from ·source plume width 

(m) C (mg .1- 1 ) (m) 

110 2,274 11 

550 577 55 

1,100 296 llO 

5,500 32 550 

ll, 000 5 1,100 

12,100 0 1,210 

If, in each of the precedi ng cases, 

we had wished to determine the distance 

along the plume centerline at which the 

excess suspended sediment concentration 

fell to a certain level, e. g ., 50 mg·l- 1
, 

we could go back to the nomographs for 
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y = 0.1, 1 and the appropriate w/u . Enter 

the nomograph in Wilson's Figure ld for 

each y with t he value of w/ u. Proceed up 

the curve for the value of y and obtain 

the concentration (C (l, ~/u , y ) ] at unit 

distance. This is the value of the con

centration when x• = 1. To find the value 

of G(l, w/u , y) at that concentration in 

physical units, we must know the scale 

factor used to nondimensionalize the graph. 

It was q / (nw 2 Dt) . Thus, for c onditions 

in Table 17 at y = 0.1 the scale factor is 

c 1.323 x 10 7 mg·s- 2 

n(l cm2 ·s- 2
) (350 cm) (6.21 h) (3600 s·h- 1

) 

= 1.346 mg·c:m- 3 

at x = 1, G( l, w/ u , y ) equals the concen

tration at unit dista~ce (2 .5 x 10- 2 at 

y = 0.1) times the scale factor, resul ting 

in a concentration of 134.6 mg· l- 1
• To 

find the distance at which specific con

centration occurs, e.g., 50 mg·l- 1
, we 

enter the ordinate of Wilson's Figure la 

(y = 0.1) at the value of t he ratio 

of 50/ 134.6 ( = 3.7 x 10- 1
) move across the 

curve for the appropriate w/ u and then 

down to the abscissa to find the normal

ized value of x*. Once again, we must 

determine the scale factor of x , which was 

x = u t . In the first exampl e, this value 

is (31.83 cm·s- 1
) ( 6.21 h ) (360 0 s-h- 1

) or 

7.12 km. Mul tiply this scale factor times 

the abscissa v alue of x * ( = 0 .99) to get 

7.05 km. Thus, for y 0.1; w/u = 0.03, a 

50 mg·l- t concentration would occur 7 .0 5 km 

downstream. 

Tables 22, 23, and 24 show, for each 

of the circumstances presented in Tables 

17, 18, 20, respectively, the expected dis

tances concentrations of 50, 100, and 

500 mg ·l- 1 at y = 0.1, 1. At the bottom 

of each table is the linearly int~rpolate 

value for the appropriate y in each case. 

The isopleths for 50, 100, and 500 mg·1- 1 

are also shown in each of the Figures, 30 

and 31. 

The p receding cases were used to 

demonstrate the extent, shape, and 



Table 22. The distance at which 50, 1 00 , and 500 mg·l- 1 isopleths 
occur, and the width of t h e plume, on the Old Orchard Sho a l for 
y = 0.1, 1 and i"terpolated for y = 0. 64. (a ) y = 0.1; (b ) y = l; 
w/ u = 0.03 and q = 13.23 kg·s- 1

; x 1 = 7 . 1 2 km. 

50 100 500 

Concentration ( C) a b a b a b 

G(l, w/ u , y ) / C 0. 3 7 9.49 0 .74 19.00 3 .70 94.9 0 

x* 0 .99 0.40 0.98 0.23 0 .60 0.05 

Di stance f r om source (m) 7,049 2,848 6 ,974 1,637 4,270 355 

Interpolating for y = 0. 64 

50 100 500 

x (ml 4,360 3,558 1,764 

Plume width (m) 436 356 176 

·raole 23 . The distance at which 50, 100 , and 500 mg · l - 1 isopleths 
occur, and the width o f the plume, on the East Bank f o r y = 0.1, 1 
and interpo l a ted for y = 0 . 80 . (a) y = 0 . 1; (b) y = l ; w/u = 0.2 
and q = 13.23 kg·s- 1

; =• = 9 .96 3 km. 

50 100 500 

Concentration ( C ) a b a b a b 

G(l, w/u , y ) / C 3 .91 9.80 7.81 19.60 39. 1 0 98.00 

x * 0.61 0.40 0.33 0. 23 0.06 0.05 

Distance f rom source (m) f, '077 3 ,9 8 5 3,288 2,291 . 598 49 8 

Interpolating for y = 0. 80: 

50 100 500 

x (m) 4,403 2, 49d' " 51 8 

Plum.e width (ml 440 249 52 
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Table 24. The distance at which 50, 100, and 500 mg·l- 1 isopleths 
occur, and the width of the plume, on the East bank, for y = 01, l 
and interpolated for y = 0.80. (al y 01.l; (bl y = l; w/u = 0.02 
and q = 11.02 kg:s- 1

; xi = 9.963 km. 

50 100 500 

Concentration (Cl a b a b a b 

G(l, w/u, yl/C 4.69 11. 68 9.37 23.36 46.90 116.80 

x* 0.50 0.38 0 .23 0.22 0.05 0.05 

Distance from source (ml 4,981 3,786 2,291 2,192 498 498 

Interpolating for y 0. 80: 

50 100 500 

x (ml 4,025 2,212 498 

Plume width (ml 403 221 50 
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structure of excess suspended sediment 

plumes resulting from the processing of 

sediments at or near the mining site. We 

selected a number of variables from the 

.Literature regarding tidal current veloci

ties and directions, plume age, water 

depth, sediment settling velocity, etc. 

These selected values are probably real

istic, and we explored a range of these 

variables to see how they influence the 

structure and shape of the plume. 

Since the tidal current velocities in 

the Lower Bay Complex are high, all plurnes 

are long and narrow. Schubel et al. (1978) 

described plumes in shallower e.11bayments 

with lower tidal current velocities as 

being relatively short and wide. In shal

low waters with low current velocities, 

1v.i.nd driven circulation becomes more impor

tant in determining the structure and 

shape of the plume. In the Lower Bay Com

plex near the proposed mining sites, wind 

stress is not expected to be the major 

fa~tor affecting the structure and direc

tio~ of the plume because of the high 

current speeds. 

The one variable that is most sus

pect, or least accurate, is the estimated 

source term, q. The variable q is the 

most important one in determining actuiil 

concentra.tions of sediments at distances 

in the plume. We have relied on pro~

essing rates estimated by individuals in 

the industry, and then concluded that in 

.,;or·st ca .ses the amount of material dis

posed i& 15 to 35% of the sediment 

harvested. In certain locations, this 

discharge may be lower because sediments 

are not so fine . There are no hare data 

available on actual processing and dis

charge rates of mined marine deposits with 

the sediment character of the Lower Bay 

Complex. In fact, the processing rates 

quoted are principally for land-based 

operations, and these estimates are proba

bly higher than those attair.able at sea. 

Nonetheless, by assuming wo1°s t cases we 

can be certain that we have covered at 

least the most drastic circu~stances. 
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Further , it is important to note that 

the model predictions along the plume 

centerline are vertically averaged values, 

and the assumption is made that the water 

column is homogeneous. Data collected by 

Swartz and Brinkhuis (1978 ) indicate that 

the water column chemistry in the two pro

posed sites is, in effect, homogeneous. 

Doyle and Wilson (1978) indicate that cur

rent speeds at the surface and inter

mediate depths and near the bottom are 

similar but the direction is not. 

High tidal current velocities can 

cause resuspension of bottom sediments. 

Likewise, an irregular bottom may create 

vertical shear stresses, resulting in 

greater resuspension of sediments near the 

bottom. The model can not predict the 

ext~nt of resuspension; it can predict 

only how far sediment discharged at the 

surface will be borne by tidal currents 

before it settles out. In other words, we 

can state_ how much sediment is at the mid 

depth of the water column, where it may 

affect fishes and other swimming creatures, 

but we can not accurately state what con

centrations are near the bottom, where 

benthic infauna and epifauna are affected. 

However, assumption of wor>st cases proba

bly covers the additional amounts of sus

pended sediment due to resuspension near 

the bottom. 

Ambient Suspended Sediment Concentrations 

As was noted in the previous section, 

sediment plume concentrations modelled were 

excess concentrations, or above ambient 

concentrations. There is a paucity of sus

pended sediment data for the Lower Bay area. 

Only Parker et al. (1976a), and Duedall et 

al. (1978) protide some data regarding sea

sonal levels as well as one tidal cycle 

study near the proposed mining sites. 

Typical suspended sedi ment concentrations 

during November 1973 to June 1974 are shown 

in Table 25. The East Bank Station (B) is 

located about 1 km south of the respective 

mining area while the West Bank Station (F ) 

is located about 3 km due east of the tip 

of Sandy Hook, half way to the Ambrose 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I 
I 
I 
I 
I 
I 

Channel along the Sandy Hook-Rock away Pt. 

Transect. Figure 32 depicts s u rface and 

1 m above bottom suspended sediment con

centrations. It may be noted that bottom 

concentrations are higher, probably due 

to resuspension (Kao, 1975). The values 

are typical of estuarine waters along the 

east coast (Schubel, 1974; Bond and Meade, 

1966). Higher values, up to 10,000 mg 

have been reported in Chesapeake Bay 

during severe storms (Schubel, 1974; 

Meade, 1969). 

Table 25. Suspended solids concentrations 
(mg.-1) at two stations in the Lower Bay 
during November 1973 to June 1974. East 
Bank Station is Sta. B and West Bank Sta
tion is Sta. F from Parker et al. (1976a). 
Data are averages of 3 readings taken near 
surface, mid-water, and 2 m above bottom. 
S = slack, F = flood, E = ebb. 

Date 

5- XI-73 

22-I-74 

20-IV- 74 

S-VI-74 

East Bank 

6. 4 (E) 

12. 5 (F) 

13 .1 (E) 

14. 2 (F) 

10.6 (.f) 

12. 7 ( E) 

14. 3 ( S) 

13. 3 (F) 

10. 6 (F) 

13. 6 (E) 

3 8. 5 (S) 

24. 3 (F) 

West Bank 

3. 5 (E) 

6. 5 (F) 

6. 3 (S ) 

5. 9 (E) 

14. 0 (E) 

14. 3 (F ) 

12 . 9 ( S) 

lfi. 3 (E ) 

15. 2 (F) 

21.l(F) 

15. 6 (S) 

21. 8 (E) 

25 . 8 ( S) 

26 . 6 ( F) 
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S yn'.-:;h e sis a f Su s pended 
PaPtieuZ a te Effee t s 

Organisms Present Near Mining Sites 

It was noted in PP ediet i on o f Sedimen t 

Pl um e s that processing (screening and 

washing) of mined material may result in 

localized areas of high suspended sediment 

concentrations. Much of the material in 

suspension is relatively coarse and settles 

out quite rapidly. The suspended sediment 

plume mode.l predicted that excess suspended 

sediment will extend in a long, narrow band 

along the direction of tidal flow. The 

length of the plumes is determined by the 

maximum distance a parcel of water, origi

nating at the discharge point at time = 0, 

will travel in one half of the tidal cycle. 

The width of the plumes was narrow because 

of the large tidal flow component. Pre

dictions were only made for ebbing tides 

since it is unlikely a processing operation 

would be conducted on flooding tides, when 

sediment would be carried into the Lower 

and Upoer bays. Further, it should be 

pointed out that the source of sediment was 

modelled as continuous for the duration of 

one half the tidal cycle. 

The direction, e x tent., and structure 

of the suspended sediment plumes now have 

been characterized. The next step is to 

determine which organisms are potentially 

under the influence of these plumes . 

Let's first examine the East Bank site. 

The on ly reported data on organism 

distribution and abundance on or near the 

East Bank are those from Woodward-Clyde 

(1975a,b), Steimle and Stone (1973 ) , and 

Brinkhuis (1977-1979). A composite list 

of species and maximum abundances in the 

East Bank area are shown in Table 26. 

The s9ecies listed in Table 26 are not 

present at all times during the year. 

Seasonal patterns of invertebrate abundance 

on the East Bank has onl y teen reported by 

Steimle and Stone (1973 ~ see Appendix 

Table 7). Examinati o n of monthly totals of 

organisms per square meter indicates that 



Fig. 32: Background suspe.ided sediment cor.centrations (mg.1"') in the water co;umn between 1 and 4 meters (x) and one meter 
above the bottom (o) over a tidal cycle on 24 Aprll 1974 at Station H from Parker et al. (1976a). 
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Table 26. Maximum abundances of fauna (#·m- 2 ) found in densities ?. lOO· m- 2 in East Bank 
areas that may be affected by mining and suspended sediment plumes. Fish densities are 
on a relative scale of 1 to 5 (1 = most abundant). Based on reports b y l'loodward-Clyde 
(1975a - Sta . 2 not includ ed - see text), Steinle and Stone (1 973 - Transect A), and 
Brinkhuis (1977-1979). An asterisk (*) indicates literature a vailable on sus9ende d s olids 
effects on that organism or a closely related species. 

·* 

* 

Invertebrates 
Maximum 

Abundance 

:-Jy t ilus edulis 

Harmothoe extenuata 

Nematoda spp. 

Cirratulidae 

Oligochaetae 

Harm othoe imbricata 

Paraphoxus spinosus 

Ovalipes ocellatus · 

Goniade lla gracili s 

. ·lereis succinea 

Spio fi licorni s 

Canc er irrora tus 

Spisula so lidissima 

POL/dO "t' a ligni 

Tha ryx acutus 

Spio sztosa 

Echi narachnius parma 

~evidonotus sq uamata 

Pro tohaustorius deichmannae 

:·nciola s e "f'rat-a 

Jassa faicc:. ta 

Unciola ir l"ora ta 

C"t'an 7 on septemspinosa 

Acanthohausto l"ius mil l s i 

Mz tridi um s enile 

Tel Zina aqi l·is 

CrepiduZa f ornicata 

Crepid.v.Z a ?~ana 

T~ichophox?t s epistomus 

P~ Pah2u sc ? ~ius l?ngime~us 

111, 000 

1,955 

1,400 

1,020 

785 

785 

785 

670 

650 

610 

600 

580 

385 

340 

335 

320 

320 

270 

240 

215 

190 

175 

17 5 

175 

175 

160 

14 5 

14 5 

130 

130 

111 

Fishes 
Maximum 

Abundance 

Anchoa mi tchill i 

St enatomus chry sops 

Scopht halmus aquosus 

Pseudovleurone ctes americanu s 

Taut oga onitis 

Ammodyte s americanus 

Peprilu s triacanthus 

Alosa aes t iva Zi s 

En grau li s e urysto le 

Merluccius bilinearis . 

Brevoortia tyrannus 

Me~idia menidia 

1 

1 

1 

1 

2 

2 

2 

3 

4 

4 

5 

5 



maximum numbers o ccur during the late 

spring, summer, and early fall months. 

The lowest numbers are found between 

November and April. The blue mussel, 

Mj tiZ us edulis, apparently dominates 

abundance. However, studies underway by 

this author indicate that very few U~t iZus 

are :ound on the East Bank within, er near, 

the proposed mining site. 

The abundance of fishes on the East 

Bank has not been reported in the litera

ture. There is a lack o f quantitative and 

seasonal data in this area. The qualita

ti ve ranking of fishes in Table 26 is based 

only on preliminary data from this author's 

observations during 1979 and 1980 (and 

ongoing) studies. The most common species 

appear to be the bay anchovy, Anc hoa mit

ciJi 7, Zi. Howev er, abundances of fishes and 

numbers of species on the East Bar.k are 

ge,nerally low throughout the year. The 

seasonal fish surveys presently being con

ducted by this author will provide a more 

quantitative base of knowledge on fish 

diversity and abundance. 

The distribution and abundance of 

fauna in the vicinity cf the proposed 

West Bank mining site has been cha:acter

ized by several quantitative studies. 

Walford (1971) and Dean (1975) described 

the diversity and abundance of inverte

brates. However, no data are available 

on seasonal distribution patterns. Wilk 

et al. (1977) conducted studies on tem

poral variations in fish speci e s and 

abundance (Areas E and J - see Fig. 29). 

Table 27 indicat es the maximum 

abundances of invertebrate species reported 

by Walford (1971) and Dean (1975) to be 

present in numbers greater tha.n lOO·m- 2 

at the Gld Or.chard Shoal site. The com

munity on the West Bank appears dominated 

by the small bivalve, Gemma gemma , and 

the soft-shell clam, Mya arenar i a. The 

diversity and composition of this com

munity is q uite different from the charac

teristics of the East Bank. These data 

indicate lower abundance s and dive rsities 
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Table 27. Maximur;i abundances (# ·m- 2
) of 

fauna found in densities ! l OO ·m-2 in West 
B3nk a reas that nay be affected by mining 
and suscended sediment plumes. Fish den
sities are en a relativ e s c ale of l to 5 
11 = most abundant). Based on reports by 
Dean (1975), V>alford (1971) , and ,,;ilk et 
al. (1977). J>.n asterisk ( * ) iZ"ldicates 
literature available on suspended solids 
effects on that organism or a closely 
relate d s p ecies. 

Invertebrates ~aximum Abundance 

Gemma pemma 
62,000 

Mya arena r ia 21,7 60 

M~tilus eduZis 4,090 

S pi suZa sclidissima 1,373 

SabeZZaria vuZgar~s 78 0 

'.:' e7- Zina aqi Zia 510 

* PoZ ydora Zigni 

• 3alanus im provisus 

Corov hiuri sp. 

Eumf.da sanpuinea 

Spic ;;etosa 

Ampe Z?:sca s p . 

Lumb~ineris te nuis 

Harmothoe e xtenuata 

Fishes 

Alosa aestivalis 

linar:oa mitc>iiZli 

ParaZichthys dentatus 

Pe pri Zu s triacanthus. 

Fomatomus saZtatrix 

Ps eu dopZeuronectes amer~canus 

Alosa vseudoharengus 

C~noscion re ga Zis 

Scopthalmus··aquosus 

Tauto9a oniti s 

Alo sa s apidi ssima 

Brevocrtia ty rannus 

Ur ophyc 1: s chus s 

Clupea hareng us harengus 

Prionotus caroZinus 

370 

358 

2 60 

230 

155 

15 0 

150 

130 
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are present on the West Bank. The seasonal 

faunal surveys being conducted by this 

author will provide greater detail on pat

terns of invertebrate abundance. Pre

liminary data indicate that many of the 

species reported by Walford (1971) and 

Dean (1975) are present today but the com

munity does not appear to be dominated by 

bivalves. Instead, polychaete worms and 

gammurid amphipods are the most common 

invertebrate species. 

Table 27 also indicates the relative ,. 
abundances of fishes on the West Bank, 

based on data from monthly surveys con

ducted by Wilk et al. ( 1977). The species 

of fishes caught here are essentially the 

same ones reported on-the East Bank (see 

Table 25). Although comparing the quali

tative rankings of fish on the East and 

West Banks does not distinguish actual 

abundances, greater numbers of fish are 

found on the West Bank. Fewest species 

and numbers are caught during the spring 

and late summer months. Preliminary re

sults from the author's surveys during 

1979 and 1980 support the findings of 

Wilk et al. (1977). 

General Effects of Mining Operations 

A discussion of the biological 

effects (sensu strictu) of sand mining 

and processing in the Lower Bay of New 

York Harbor cannot be limited to the 

effects on organisms inhabiting the area. 

Sediments discharged into the water during 

and after a screening operation are af

fected by physical and chemical properties 

of the water column and bottom, as well 

as by organisms themselves. Before 

discussing the impacts on organisms, we 

will examine how discharged sediments are 

affected by these other parameters to 

illustrate the complexity of interactions 

between them. 

Slotta and Williamson (1974) reviewed 

the general features of impacts associated 

with estuarine dreding and spoiling. 

These same features would apply to sand 

mining operations. The impacts include: 
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1) 

2' 
3) 

4) 

5) 

6) 

altered circulation patterns 

ph;~ical removal of organisms 

burial or organisms 

nutrient release 

oxygen demand and sulfides 

heavy metals 

7) toxic hydrocarbons 

8) turbidity and suspended solids 

We will consider the effects of tur

bidity and suspended solids (8) separately 

in the section Effects of Suspended Particu

Zates un Organisms. 

Altered circulation 

Mining of bottom sediments results in 

irregularly shaped holes. Several such 

holes already exist in the Lower Bay (Swartz 

and Brinkhuis, 1978). Wong and Wilso~ 

(1979) found that these holes altered 

current flows, depending on their size and 

location. Further study by computer simu

lations of altered bathymetry indicated 

that large holes mined in the vicinity of 

Romer Shoal and Flynns Knoll (see Fig. 1) 

intensified current velocities and increased 

tidal amplitudes in the Lower Bay near 

Staten Island. Kinsman et al. (1979) found 

that the locations of certain holes may 

concentrate wave rays along certain shore 

points of Staten Island. Again, the most 

critical areas appeared to be Romer Shoal 

and Flynns Knoll. These combined forces 

could act to increase local shore erosion 

rates along Sta~en Island's eastern shore. 

Further, Swartz and Brinkhuis (1978) found 

that certain holes may become anoxic during 

the late spring-summer. The authors indi

cated that the isolated nature of these 

holes did not permit adequate circulation 

to compensate for biological and chemical 

oxygen demand of the water colur:m and under

lying sediments. This phenomenon was only 

observe above West Bank holes, and not 

above East Bank holes. The waters on the 

East Ban~ apparently were well mixed and 

exchanged with the clearer waters of the 

Bight Apex. 

Holes could probably be mined on the 



West Bank without water column ard c~rcu

lation impacts if care was taken in 

choosing mining sites ~ith regard to 

location and size. Such holes sho~ld 

have exchange (connection) wi th neigh

boring channels or other h o les. They 

should not be located on Romer Shoal or 

Flynns Knoll . Of course, all circ~lation 

impacts could be minimized if mined holes 

were backfilled with dredge spoils, a s 

has been proposed by numerous agencies, 

e.g. New York Office of General Ser v ices 

and U.S. Army Corps of Engineers. 

Physical removal 

The most apparent biologica l impact 

of mining pertains to the remova l of ben 

thic biota. The biota would probably be 

killed during mining operations, although 

there are no data available to suggest 

susceptibility of certain species or kil l 

factors in general. Sessile forms would 

be most affected but the re is some e v i 

dence that mining/ dredging attracts 

feeding motile forms near disrupted sedi

ments. The significance of this latter 

effect is not known. 

Mining may expose sediments of a 

different tex ture, grain size, and poro

sity. This might affect recolonization 

from adjacent p opulations that survive 

the operations. Harrison et aL ( 1964) , 

Saila et al. (1972), and Slotta et al. 

(1973) all detected immediate increases 

in infauna l populations after dredging , 

and a fairly rapid recolonization did 

occur. However , adjacent are~s were 

characterized by high organism density 

and diversity. Density and diversity 

in the Lower Bay Ccrnplex are generally 

low. This would certainly affect re

population rates in the Lower Bay. The 

U. S . Army Corps of Engineers is presently 

sponsoring a st~dy in the Lower Bay, 

part of ~;hich will exq_mine recolonizat ion 

of dredged sediments placed in mined 

holes. That study should provide data 

whi c h will permit better dete rmination of 

local recoloni zation rates. 
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One further point to be considered 

is what has happened to biota density and 

di versitv in the e xi s ting ho les that were 

mined approximately 1 0 years a go . Studies 

by this author four.a that these holes on 

t he West Bank filled in with 70- 90 cm o f 

highly organic sediment. Very few organ

isms were found . Little or no organic 

material accumulated in Eas t Bank holes , 

and o r g anism abundance was somewhat 

g reater (see Tables 11 and 12 ) . The 

or3anic materia l p robably accumulated due 

to restricted circulation and exch a nge . 

This materi al is apparently unsuitable for 

most s pecies, either due to the fine grai~ 

nature of the sediments (Swartz and Brink 

huis , 1978) or associated t oxic effects of 

materia l associa t ed with the oroan i c matter 

and low oxygen levels. Except for a thin 

surface layer (< 5 mm ) , the sediments in 

West Bank holes are a noxic most of the 

year. Again , if a plan to backfill holes 

with dredge s poil s capped by a clean sandy 

laye r were implemented, these effects 

would b e considerably reduced. 

Buria l 

Burial of organisms is a factor 

cr i tical only downstream of the plume 

gen e rated by screening operations. As 

indicated previously, most of the material 

discharged '.·:ill s,ettle near the discharge 

point, along a narrow band . The a bility 

of biota to survive buria l in these areas 

depends primarily on t heir behav ior and 

morphology. Burrowing pol ychaetes and 

bivalves have been s hown to surv i ve burial 

by up to 2 1 cm of sediments (Saila et al., 

1973 ) . 

Between 95 and 9 9% of the sedimen ts 

discharged int; the water near a · p r oces

s ing bar ge will rapidly settle t o the 

bottom (Schubel et al., 1978). Most o f 

the rapidly settling material will con

sist of the undesirable fine grain sands. 

This material will probably fall to the 

bottom as a density current rather than 

individual particles (Gordon, 1974 ) , and 

will be deposited within a few hundred 
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meters of the processing operation. When 

this material falls on hard sandy sub

strates, there will not be much of a den

sity surge, or wave of sedimer.t flowing 

out near the bottom. Gordon (1974) hypo

thesized that such density surges will 

only occur if there are much silt and clay 

in the discharged material. Typically , 

sediments in the proposed mining sites 

contain less than 2% silt, plus clay by 

mass (Kastens et al., 1978). Of course, 

these observations are only .~alid in con

sidering a flat bottom. Ridges or sand 

waves may cause some material to be in

jected back into the water column, but 

this effect is probably minimal with fine 

sand sized material. · Bokuniewicz and 

Brinkhuis are presently examining the be

havior of sediments discharged into pre

viously mined holes, some of which consist 

of hard bottom sandy sediments and others 

that have accumulated silt and clay 

material since they were mined. Many of 

these holes have an irregular bathymetry, 

and the effect of this bathyrnetry on 

settling material is also being examined. 

Fine grained sediments settling to 

the bottom near the discharge point will 

be subject to several other influences. 

The material will be poorly sorted and 

will have a relati vely hig h porosity. It 

wi ll therefore, be more susceptible to 

resuspension and lateral transport by 

bottom currents. Gordon (1974) indicated 

that onl y about 11 of the material will be 

transported laterally by the density surge 

beyond 100 to 200 m of the impact area. 

On the other hand, Biggs (1970) found that 

as much as 12 % of the material deposited 

on an underwater s po il material in Chesa

pea ke Bay had "disappeared" 150 days after 

deposition. The lost material was probably 

transported by the bottom current, whose 

ve locities are similar to those found in 

the Lower Bay waters . Nittrouer and 

Sternberg (1975) determined that spoil 

mounds of fine grained sediments in Puget 

Sound shrank in size within four months 

of depositio n. O~ly 1 6% of the originally 
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deposited m:~erial remained. The authors 

felt that this was principal l y due to 

bottom currents of 50 cm·s-l similar to 

those found in the Lower Bay. Other rea

sons for the "disappearance" of the spoil 

mound include l oss during disposal and 

water loss during consolidation, after 

settling on the bottom. 

It should be pointed out, however, 

that these previous studies have all dealt 

with the disposal of sediments containing 

large silt and clay fraction s. It is con

ceivable that in mining sand deposits in 

the Lower Bay , overburdens containing 

greater quantities of silt and clay may 

have to be disposed of in processing. 

Although this situation was not examined 

in the modelling scenario, there is enough 

evidence in the literature to predict what 

may happen to such fine material. Gordon 

(1974) and Schubel et al. (1978) observed 

that much of the fine material rapidly 

settles near the discharge. Masch and 

Epsey (1967) found that when dredge wash 

water contained 80 % or more silt and clay 

by weight, the sediment tended to floc

culate into density layers. Such highly 

concentrated silt and clay overburdens are 

not to be expected in the Lower Bay 

(Kastens et al., 1978). 

The min i nq scenario described pre

viously indicated that a t ypical barge 

(700 m3 capacity) would reject 35 % as un

suitable fine grain sediments . If we 

assur.ie that all (worst easel of this 

material settles within a 250 meter radius 

of the discharge, we can calculate that 

the 245 rn 3 discharged would spread in a 

layer a pprox imatel y 0.62 cm thick. Al

though such discharges may be piled some

wha t higher near the source of t he dis 

charge, the sediments will have a high 

water content, and would likely spread 

even thinner and further by sediment r e 

suspension due t o tidal currents and wave 

action. 

On the other hand, sessile species 

are probably killed by burial of any mag

nitude. Saila et al. (1972 ) reoorted 



acute kills fror.1 burial of various benthic 

o r s anisms. However, Slotta e~ al . (1973) 

indica~ed that benthic inf.aunn readjusted 

to former abundances within a fe«v weeks 

after du:r.1ping of dredge spoil. It has 

been suggested that rapid recoveries in 

disturbed sediments is attributed to a 

resistant biological population (Slotta 

et al., 1973 ) . This finding, however, was 

in an area of relative ly high abundance of 

many species. It is not known if such 

rapid recolonization would occur in the 

generally impoverished Lower Bay. Again, 

the research being conducted under the 

auspices of the U.S. Army Corps cf 

Engineers will provide some indications 

of reco lonization rates. 

Nutrient release 

Durin~ mining/ screening operations, 

significant concentrations of nutrients, 

primarily various chemical forms of nitro

gen and phosphorus, will be released to 

the water column. For example, Croni~ et 

al. (1970) reported increases near dis

charges from 50 to 1,000 ti.-nes ambient 

l evels. No increase in phytoplankton 

was observed in this Chesapeake Bay study. 

Windom (1973) also reported large nutrient 

increases in his study of five estuaries 

on the southeastern coast of the United 

Sta.tes . In contrast to Cronin's study , 

he found significant increases in algal 

growth in experiments where dredged sedi

ments were incubated in bottles containing 

receiving waters. Stimulation of algal 

growth was also observed at dredging sites. 

Schubel et al. (1978), on tbe other hand, 

did not detect significant increases in 

nitrogen or phosphate concentrations in 

sediment discharge plumes in Apalachicola 

Bay (Florida). 'rhey did not, however, 

examine phytoplankton growth characteris

tics . 

Water colur.m nitrogen and phc·sphorus 

concentrations in the waters of the Lower 

Bay Complex are amon~ the hi ghes~ reported. 

Further, phytoplankton productivity is 

the highest reported in the literature 

(Garside et al., 1976). A;nrnonia-nitro9en 
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supports the large populations of p hyto

plankton and phytoflageilates (Mahoney and 

~lcLachlan, 1977 ) . •:::·he r.tsjori ty of ammonia 

is derived from sewage inputs (O'Connors 

and Duedall, 1975). Garside et al. (1976 ) 

and Mahoney and McLachlan (1977 ) indicate 

that den se blooms of plankton in Lower Bay 

waters become light limited rather than 

nutrient limited. Suspended particulates 

will further reduce water column light 

intensities. Therefore, it is unlikely 

that nutrient release from mined sediments 

will result in a further increase in phy

toplankton production . Further, Schuoel 

et al. (1978) found that sources of nu

trients from sediment discharges are rapidly 

diluted. There are no reported effects of 

elevated nutrient concentrations on o t her 

organisms. 

Oxygen demand and sulfides 

Mining/screening of sediments may re

sult in the release of organic and ino rgani c 

materials that can increase oxygen demand 

in the receiving waters. The majority of 

this demand is ascribed to chemical reac

tions. For example, various iron sulfides 

are readily oxictized. Numerous authors 

have noted that iron and manganese were 

scavenged by suspended matter and freshly 

formed hydrous oxides. Schubel et al. 

(1978) did not detect anv decrease in dis

solved iron and manganese water column con

centrat ions during pipel~ne discharges. 

Although considerable amounts of reduced 

particulate matter with a high potential 

oxygen demand might be introduced to the 

water during mining/ screening operations, 

only a small proportion will be reactive 

dur ing the time scale of the operation and 

the settling of'' : particulate material. 

Between 95 and 99 % of the material dis

charged is deposited close to the discharge 

in a time scale of tens to hundreds of 

seconds (5chubel et al ., 1978). Therefore, 

the water column oxygen decrease is less 

than might be expected from either chemical 

reaction calculations or organic carbon 

analy sis. Once discharged material has 

settled, its oxygen demand is initially 
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dependent on expulsion of interstitial 

water during compaction processes and 

then is diffusion limited (Schubel et al., 

1978). Schubel et al. (1978) noted oxygen 
-1 sags of 0.4 mg o 2 ·g (from chemical 

reaction calculations) to 1.1 mg o2 .g-l 

sediment (from core incubations). Oxygen 

depression in surface water ranged from 

0.2 to 6.0 mg· t -l in shallow waters 0.6 

to 2.1 m deep. The largest depressions 

were generally noted in the shallowest 

waters. 
" 

Swartz and Brinkhuis (1978) found 

low oxygen concentrations in waters above 

West Bank mined holes in the Lower Bay 

during the summer months. Values ap-
-1 proached 3 mg o2 .< During the remain-

der of the year, and above East Bank 

holes, oxygen concentrations were hear 

saturation. The study indicated that 

sediment sulfide concentrations in un

disturbed East Bank hole sediments were 

low (approx. SO ~g sulfide .g-l sedinent) 

but were high in organically rich West 

Bank hole sediments (up to 868 µg sulfide 

.g-l sediment ) . Low bottom water oxygen 

concentrations were strongly correlated 

to measured chemical oxygen demand. 

Surface and midwater oxygen lows were 

related to high biological demand. 

It is likely that mining/ screening 

of Lower Bay sediments will create an 

oxygen depression. To a large extent, 

such depressions could be minimized by 

conducting these operations during cooler 

months of the year. This will decrease 

both biological and chemical oxygen de

mand at a t ime when water column oxygen 

concentrations approach or exceed satu-

ration. It is believed, though , that 

during the time scale of a tidal cycle, 

most of the chemical interactions will 

occur during the injection of water into 

mined sediments for processing purpose s . 

Af ter sediments are directly in contact 

with the water column and while they are 

suspende d in the plume, little further 

c hemical interaction will occur. Chemical 

ox idation and o ther reactior.s occur quite 
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rapidly i n relation to the age of a fully 

developed p!l.ume . 

Heavy rnetals 

While the mined sediment is in contact 

with surface waters during p rocessing and 

descent to the bottom, it may undergo a 

number of chemical interactions. Coastal 

marine sediments, especially in harbors, 

are normally reducing a few centimeters 

below the sediment surface. Many muddy 

sediments also contain reduced chemical 

complexes, e . ~., metal sulfides. Material 

removed by a bucket-ladder or clam-shell 

dredge will remain "intact" during trans

port to the loading barge. However, when 

it is processed, this chemical integrity 

will be altered by mixing with large 

amounts of oxygenated sea water. Reduced 

chemical forms will be oxidized, thereby 

potentially releasing "trapped" metal ions 

(Gambrell et al., 1976; Khalid et al., 

1978 ) . This oxidation process also "con

sur.ies" oxygen from the wa~er, resulting 

in an oxygen sag in the d)scharged water 

(Schubel et al., 1978). Sediments in the 

Lower Bay are reduced but are re latively 

low in sulfide concentrations (Swartz and 

Brinkhuis, 1978) that may trap metals. 

Metal doncentrations in Lower Bay 

sediments near the proposed min ing sites 

are lower than other areas within the 

Lower Bay Complex (Grieg and McGrath, 1977 ) 

The highest metal contaminant levels are 

found in We stern Raritan Bay and Sandy Hook 

Bay. Using an arithmeti c mean of a ll 

metal (cadmium, chromium, copper, nickel , 

lead, and zinc ) concentrations, they found 

that sediments east of the Ambrose Channel 

had the lowest concentrations ( · 9 . 0 ppm). 

Mean concentrations near the propo sed West 

Bank mining site approached 67 ppm . Cad

mium, chromium, and copper concentrations 

were general l y low. The authors noted that 

highest concentrations occurred in the 

winter. Concentrations of most metals i n 

sedinents of Ra ritan and Sandy Hook Bays 

were an order o f magnitude greater. Grieg 

and ~cGrath (197 7) ind i cate that the pat

terns cf sediment metal concentrat ions 



correspond almost exactly to the f a unal 

distribution of McGrath (1974) and the 

sediment patterns described by DeFalco 

( 196 7). 

It is likely that some metal species 

will be released to the water column during 

mining/screening operations. It is ~n

known, without direct measurement, how 

significant this increase night be. ~ost 

studies to date on dredged material dis

posal have shown little or no release, 

primarily because material sinks to the 

bottom in a rapid jet, minimizing inter

action with the water column. On the 

other hand, scree ning will inject large 

amounts of water into the sediments. 

Release of metals under such circumstances 

has not been extensively studied in pol

luted sediments (Schubel et al., 1978). 

Further, Waldbauer et al. (1978 ) and 

Seeliger and Edwards (1977) indicate al

ready high lead and copper concentrations 

in some waters and algae ·of the Lower Bay 

Complex. No data have been reported on 

organis~ metal concentrations in the Lower 

Bay Complex. It is doubtful that a release 

of meta.ls from processed sediments cculd 

be detected above ambient (also highly 

variable) water column concentrations re-

porteJ. by Waldhauer et al. (1978 ) . Schubel 

et al. (1978) fou <1 d increases in manganese, 

copper, and chromium near the discharge, 

and this wa.s associated w"ith particle con

centrations near or exceeding 103 mg· ~ - 1 . 
Conversely, iron concentrations wer~ low. 

No well defined plume could be . found at 

any of the three sites studied in Gulf of 

Mexico waters. However, the presence of 

low (usually below detection limit) inter

stitial water concentrations of zinc, 

copper, chromium, cadmium, and lead pre

cluded any substantial release of these 

me tals. 

Toxic hydrocarbons 

No studies have thus far been reported 

on hydrocarbon concentrations in Lower Bay 

Con~plex sediments. Hydrocarbons would 

include oils and numerous pesticides. 

Searl et al. (1977) did, however, examine 
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nonvolatile hydrocarbon concentrations in 

surf3ce waters of the Lower Bay complex. 

These nonvolatiles are coi;-.prised only of 

o ils with carbon chains of ~ 14 carbons. 

They found c oncentrations near the Ar.ibrose 

Channel to be a factor of 10 higher than 

offshore. Highest concentrations were 

found near Manhattan and eastern Raritan 

Bay. 

Brinkhuis (unpublished data ) collec

ted three sediment cores in one of the 

previously mined pits that has since ac

cumulated organic matter. Since many 

hydrocarbons, including polyvinyl chloride 

biphenyls (PCBs) , are frequently associated 

with fine and organic particulate matter 

(Chytalo, 1979), it might be expected that 

these pits would reflect maximum expected 

concentrations of hydrocarbons. Several 

layers in these cores were analyzed for 

the PCB Aroclor 1254. Concentrations were 

found to range from 0 to 0.57 parts per 

million (ppm). These are apparently not 

particularly high concentrations. Further 

upstream in the Hudson, near Manhattan, 

PCB concentrations in sediments are re

ported to be about 3 ppm (Bopp et al., 

1979). No other data have been reported 

for the area. 

Effects of Suspended Particulates on 

QE.9.anisr::s 

Several recent reviews, e.g. Sherk 

and Cronin (1970), Morton (1976, 197.7), 

Moore (1977) and Stern and Stickle (1978), 

have pointed to the complexity of sus

pended sediment effects on marine biota. 

These effects may be simplistically divi

ded into direct and indirect effects. 

Direct effects include smothering, clog

ging of respi~~~ory structures, filtering 

apparatus and the gut, and abrasion of 

tissues. Indirect effects include tempera

ture, salinity and oxygen effects at the 

metabolic level (Haefner, 1969; 1970). 

The latter are more difficult to ascertain. 

Since particles suspended by dredging/ 

mining operations eventually settle, ef

fects also include population redistribu

tion. Many species inhabit particular 
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grain size ranges of sediment. Further, 

different life stages have different sus

ceptibilities. Much of the literature is 

extremely qualitative, often based on 

field observations relating distribution 

of a species to turbid or clear waters. 

In some instances, experimental data is 

given. 

Problems arise in the interpretation of 

quantified suspended sediment effects. As 

Moore (1977) indicates in the most compre

hensive treatment of suspended sediment ef

fects, these difficulties arise from: 1) 

use cf artificial sediments (e.g., Kaolin 

clay, Fuller's earth and glass shards, 2) 

effectiveness of the experimental system in 

maintaining uniform suspended sediment loads 

and 3) lack of awareness, or incorporation, 

of indirect effects (e.g. reduced oxygen) 

into experimental design. In only a few 

cases have natural silts or sands been used. 

It is the latter's use that most often re

sults in the caveat that toxicity effects 

may be mostly responsible for mortality . 

We will first review what is known 

about the effects of suspended particulates 

on different taxa of invertebrates, fol

lowed by effects on fish species, found 

near sediment plumes generated at the two 

p roposed mining sites. 

Zooplankton include organisms t hat 

spend their entire life history as plankton 

as well as larval stages of invertebrates 

and fishes. There is no quantitative or 

qualitative distribution data for zooplank

ton relative to t he proposed mining sites. 

In most estuaries, zooplankton is dominated 

by crustacea and larval stages of inverte

brates. ~ost of these organisms are filter 

feeders. Sherk et al. ( 1974) observed a 

significani reduction of food when the 

copepods 2ury t emora a:fin i s and Acartia 

tQns~ were exposed to mixtures of seawater 

and Fuller's earth, fine sand and natural 

Patuxent River silt. Sull ivan and Hancocl~ 

(1973) postulated that suspend ed sediment 

reduces efficiency of feeding appendages. 

Toxic interactions with contaminated 

material adhering to the organisms are 
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also suspect~d (Morton, 1976). 

Literature concerning suspended sedi

ment effects en invertebrates is more ex

pensive, however, much is qualitative. 

Table 28 summarizes the literature concer

ning effects on species that are f ound in 

the Lower Bay as a whole. Species label led 

by asterisk s occur within areas affected by 

sediment plumes at the two proposed mining 

sites (see also Tables 26 a nd 27). Most of 

this material was derived from the compre

hensive review of Moore (1977) . Tables 29 

and 30 include other invertebrates de

scribed in the review of Peddicord et al. 

( 1975) . 

We noted in Tables 19 and 21 that the 

highest concentrations of excess suspended 
-1 sediments range from 2.9 and 2.3 g·l at 

the East Bank and Old Orchard Shoal mining 

sites. These concentrations were predicted 

within 110 m from the source , down the 

centerline of the plume. Plume widths 

near the source ranged from 8 to 11 m, 

assuming a narrow point source (pipeline) 

It was also noted previously t hat most of 

the suspended ~aterial will rapidly settle 

in the area near the s ource . Therefore, 

this is where the greatest impact in terms 

of suspended sediment effects and burial 

will occur. Within 550 m downstream, con

centrations fall to nbout 0.5 g .1-l, a nd 

the plume has a wi dth of only about 55 m. 

Although most of the information 

listed in Table 28 is qualitative, most of 

the s pecies a ppear tolerant of tuibid con

ditions. It i s quite probable that many 

of the species found in the Lower Bay are 

there because they have survived ~any years 

of o nslaught from a combination of pollu

tants and occasional ly turbid waters after 

ma jor storms and ?eriods of high runof f 

flow f rom the Hudscn and Raritan Rivers. 

The excep.tions are S pio sp . (Wolff, 1973), 

Crepidu le. .fo r n icata (Johnson, 1972), 

Tel >inc. sp. (Moore, 1977 ). Peddicord e t 

al. (1975) data (Tables 29 and 30) indi 

cate tha t many of ~he invertebrates they 

studied were quite re s istant to turbidi ty . 

Quite lo~ mortalities were reported at 



Table 28. Invertebrates present in the Lower Bay complex for which qua litative literature 
exists on suspended sediment effects. The speci.es listed are all from Table 6. An 
asterisk (*) indicates the species present in areas potentially af fected by sediment 
mining/ processing plumes. Where no specific species is listed, literature exists only for 
the genus or a closely related species. 

Anthozoa 

Sagar;;-!.a modesta 

Metridi u:~ s e~iZe 

Polychaeta 

Capitella capitata 

Oyhelia bico:r>nis 

Polydora sp. 

Spio sp. 

Faraon-::s sp. 

Chae to?t e~us va ~~ op edatu s 

Sab'Jl Zc. sp. 

Mista~:idis (195 1) reported S . t rogl od11te s less 
coMrnO!l in turbid situations. 

Milne (1940) reported it less common on buoys in 
turbid waters. 

Purchon (1937 ) and Holff ( l 973 ) indicate Ne r e i s 
divQrsic olo r certainly not deterred by t urbid 
waters. 

Emerson (1974) found mortality of trochophores 
and ~etatrochs 50 % in 96h exposures to 100:1 , 
10:1, 4:1 , and 2:1 seawater sediment mixtu res. 

Moore (1977) indicates species inhabits s u rf zone . 

Barnard (1958 ) indicates P. ligni and P. limicolc 
penetrates most turbid waters. 

Leung (1972 ) says P. cil iata is turbidity tolerant. 

Wolff (1973) indicates S. mart inensis intolerant 
of turbid conditions. 

Wolff (1973 ) indicates P. f olgen s intolerant of 
turbid condi tions. 

Moore (1977 ) indicates that species may be v u l 
ner~hle due to clogging of mucus net filtering 
apparatus. 

fan worms found near 
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Dales (1957) indicated these 
mouths of rivers with high 

Al len and Todd (1900) found 
abundant in h igh salinity 

loads o~ fine detritus. I 
S . ~avon~na most 
and~ turbid estuaries. 

H~·droide s sp. 

Crustacea 

Ba Zarz us sp. 

Elasmopus sp. 

Jass a fa lca ta 

Crinoen and Reish (1969 ) indicate H. no rvegica 
found in wide range of turb i dity in Los Angeles 
Harbor . 

Moyse and Knight-Jones (1 96 7) suggested that 
turbidi t y indirectly affects larval release in 
B. ba lancidas . Sil t ... reduces light, thereby 
reducing p lankton blooms that normally trigger 
release. 

Purchon (1 937 ) indicates B. impr ovisus tolerates 
silc pollution better than most barnacles. 

Barnard and Reish (1959) report E. rapax less 
common in turb id water . 

I 
I 
I 

McNultv (19 61) noted E. pectenicrus occurred i n I 
turbi.d waters. 

Barnard a nd Rei sh (1959) report species common in 
turbid ha~bo:cs . 

120 

I 
.1 



I 
I 
I 
t 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Ampe l isca sp. 

Co rophium sp . 

Leptoche i rus sp. 

St e notho e sp. 

Ne omysi s sp. 

Crangcn sp. 

Homar ~s ame ricanua 

Pagu 'f' :i s sp. 

Cance r maenu s 

Gastropoda 

Li,tto :"' ina sp. 

Cre pidu Za :o rn i~a ta 

Table 28 (continued) 

Mills (1967) indicates turbidity might be responsi
ble for initiating feeding in tube dwelling 
amphipod A. abdita and A. va dorum. 

Meadows and Reid (1966) indicate C. volutato r 
juveniles swim more in turbid water. 

Purch0n (1937), Barnard and Reish (1959 ) and 
others indicate many tubiculous arnphipods, 
particularly Co r o ohium so. found as fouling 
organisms in highiy turb id areas. 

Pfitzenrneyer (1970 ) indicates L . plumu lo s us co
dominated areas in Chesapeake Bay spoil deposits 
and turbid waters. 

Goodhart (1939) describes L. oilo s u s as using 
suspended mud to build tube~. 

Moore (1977) indicated that Chardy (1970) reported 
S. doZlfusi absent from turbid areas. 

Moore (1977) indicated a positive role of turbid 
suspensions (0.1 g .13) on fat content and 
nourishment of N . i nt e ger . 

Moore (1977) indicates shrimp L. c rangon fatter in 
turbid waters where feeding is not restricted to 
nighttime. 

Newton (1973) reports observations by Gray that 
adult Cr ango n s urvived immersion for 14 days 
in 3 g.1-l clay suspensions. 

Blackmar and Wilson (19 73) report L. crangon 
survived 72 h in red mud concentrations up to 
33 g.1-1). (See also Tables 29 and 30) 

Sherk (1971) found species very resistant to turbid 
conditions. 

Saila et al. (1968 ) found no effects of turbidity 
on lobsters. 

Wo lff and Sandee (1971 ) suggest high turbidity 
inhibited occurrence of P . be'f'n ha rdus. (See also 
Table 30) 

Arudpragasam and Naylor (1 964) indicate additions 
of susoended oarticulates elic.it short-term, 
reversible respiration increases. 

Bacescu (1972) maintained that silt hinders 
respiration in crabs. 

Fretter and Graham (1962) state that L . Zit t orali s 
a voids turbid waters. 

Johnson (1971) found that turbidity decreases shell 
growth. Filtration decreased with increasing 
concentrations of Kaolin and Ful l ers earth, 
especial l y between 0.14 and 0 . 30 g .1-l. Above 
0 . 6 g.1-l, no reduction in basal fi ltration rate 
o ccurred . He f e els turbidity restricts its 
presence . 
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Nasear·i. us sp. 

Bi val via 

Cros~ostrea virginica 

Ma rcenaria mercenaria 

Mu Zinia ZateraZ is 

'l'eZ Zir:c sp. 

J:'.'acoma ba .';hi c a 

I 
Table 28 (continued) ' Clayton (1974 ) noted that whelk s have long sip hons I 

and are adapted to local turbidity caus ed by its 
own s-t:in:ing o f r:rnd ai:d sandy bottom . 

Kay and Switzer (19741 found Nassarius restric ted 
to clear lagoon waters i n the Central Pacific. 

Peddicord et al. U-975 ) found r: . o"fo s ole t us to be 
unaffected by 100 g .1-l Kaol in after 5 d ay s 
(see Table 30) . · ' I 

Levinton and Bambach (19 69) reported t hat biotur- I 
bated l ayers may cause high juven ile mortal i ties : 
by fouling feeding apparatus. Adults apparent l y 
stabilize themselves in deeper layers. 

Rhoads (1963) reports that Yo3 dia is respons i ble , - . 
for much of the sediment reworking i n Long I sland : 
Sound. Adult organisms not affected by ens u ing 
turbidity. 

Loosan~ff (1961 ) reported concentration s of 0 .1 
g.1- reduced pumping rate. Silt affected egg 
development at 0.25 g .1- l and larval dev e lopment 

- 1 -at 0.75 g .l -. 

Loosanoff a nd Tommers ('f94 B) found pumping rate 
decreased at 0.1 g .1- silt and beyon d . 

I 
I 

Hsiao (1950) indicated more turbid water increases 
i rregularity in respirato r y / feeding mov eme nt s .1· 
of shells. They died if settled silt c overed 
the~ for more tha n 2 days . 

Davis (1960
1
\ indicated larval qrowth imoaired a t I 

- l ' 0.75 g .1- s i lt and died at 3.0 g . 1-. (See 
also Loosanof f, 1961 ) . 

Chiba and Oshima (1957 ) found p umping rates was 
not_fffected by c~ncentrations of 0 .5 t o 1.0 I 
g.l in Osrrea g~gas . · 

Rice and Smith (1958) reported short-term effects 
on food removal efficiency . 

Davis (19 60) reported normal .egg dev~±opment i n 
silt concentrations up to 0 .75 g.l . 

Davis and Hidu (1969) indicate larvae pack stomach 
with small ingested particles of kaolin and 
Fullers earth and die . 

I 
I 

Lev inton and Bambach .,{-19 69 ) indicated h igh juvenile I 
mortality in bioturbated layers. Adul t s stabilize 
in deeper layers. · 

Saila et al. 
through 21 

(1972) indicated Mulinaria reache d 
cm of sediment. 

Moore (1 9 77 ) cites Barnett as communicating t hat 
body weigh t a nd size decreases in turbid waters. 

Purchon (193 7) stated the species may be r estri c ted 
to clea rer waters. 

Moore (1977 ) and Sai la et al. (1 972) i ndicate that 
these deJ:)osit feedi ng tellinacea as a group 
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~ Cephalopoda 

Loligo sp. 

~ Echinodermata 
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i.ster>ias sp. 

Ectoprocta 

Alc yon.idium sp. 

Amathia sp. 

Eieatra sp_. 

Table 28 (continued) 

appear turbidity tolerant. 

Shulenberger (1970 ) reported that catastrophic 
burial of Ge mma by up to 230 mm sand and 57 mm 
silt is survived for periods up to 6 days. 
(See also Sellmer, 1967) . 

Purchon (1937 ) indicates s~rvival for limited times 
in high turbidity (11 days at 1.25 g.1-l mud and 
15 days at 1.52 g.1-l chalk) . Also present in 
normally turbid waters. 

Bousfield and Leim (1960) indicate pres ence in 
highly turbid waters. 

Hoese (1973) i ndicates closely related in-shore 
species ioiiguncula brevis prefers intermediate 
turbidities (70-90% light t ransmission) while 
offshore (Georgia, USA) species Doryteuthis plei 
limited to waters with at least 90% light trans
mission. 

Moore (1977) indicates A. rubens inhabits turbid 
waters. 

Zafiriou (1972) suggested turbidity may affect 
detection ability of prey in A. rubens . 

Moore (1973d, 1977) indicates this b r yzoan species 
largely confined to turbid waters. 

Knight-Jones and Jones (1955) indicated A. Ze ndige ra 
appears to inhabit turbid waters. 

Moore (1973) indicates E. piiosa ubiquitous in 
turbid waters. 
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Tabl e 29. Crit ical ~oncentratione of Kaol i n (g .1- l ) for 10 (LC 10) , 20 (LC 20 : and 
(LC 50) percent mortality of some i~ver tebrates e~posed for 200 h (1 0 days ) . From 
Peddicord e t al. 1 1975 ) . Clcsest Lower Bay relative in parentheses. 

SPECIES 

~yt iZus aalif~~~ianus 

(M-:1 ti3us edv.Z1:s) 

Crangon nigroma~ula ta 

fCra ngon seFtemspinosa) 

PaZaemon macrodactylus 

(None) 

Cancer magist e r 

fCanc~ r irraratus; 

An~sogammaru s canfervicoZus 

f'Jn.mmarus sp. J 

Neanthe s suc~inea 

(Same) 
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LC 10 LC 20 LC 50 

26 42 9 6 

16 28 50 

24 77 (no t reached ) 

1 0 18 32 

17 35 55 

9 22 48 
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Table 30. Comparison of the mortalities at lOO g.1-l Kaolin of relatively insensitive 
invertebrate species. From Peddicord et al. (1975). Closest Lower Bay re lative in 
parentheses. 

SPECIES 

St rongyloc~ntro tus purpuratus 

(Arbacia punctulata ) 

Crangon franci s corum 

(Crangon septemspino 3aJ 

Pagurus hirsutiuscul us 

(Pagurus polZicaris J 

Sphaeroma pentodon 

(Cyathura polita) 

Uassarius obsoletus 

(same) 

Tapes japan ica 

(none) 

My t 1~ lus edulis 

Mytilus edulis 

My ti lu3 edulis 

(same) 

( 2. 5 

(10.0 

(10. 0 

~ogula manhatte nsi s 

(same) 

Styela mon te rey ensis 

(Mogul a sp. J 

cm) 

cm) 

cm ) 
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EXPOSURE TIME (Da.) 

9 

5 

12 

12 

5 

10 

5 

5 

11 

12 

12 

% MORTALITY 

0 

25 

0 

0 

0 

0 

10 

0 

10 

9 

10 



suspended sediment concentrations ranging 

" 9 t 100 1-l f • ·h rrorn o g. , ar grea~er ~ an 

those projected by the plume ffiodel . There 

appears to be some evidence that prolonged 

exposure for d week or so incraases mor

tality, ?rovided the stimulus is continuous. 

Mining operations in the Lower Bay will 

probably not be continuous for that length 

o f time. As suggested earlier, operations 

should probably be conducted on ebbing 

tides so that material is f lushez out of 

the bay system as much as possible .. The 

plume disappears at the change of tidal 

flow and the ensuing period of inactivity 

might provide recuperation time. This is 

purely conjectural, since no studies have 

been conducted on mortality versus inter

mittent exposures to suspended sediments. 

As noted earlier, larval stages and 

juveniles would be most affected b y sus

pended sediment levels and toxic inter

actions. Accordingly, it wculd make sense 

to restrict turbidity increases when lar

val and juvenile abundances are minimal. 

Stickney (1973) suggests that impacts are 

reduced if turbidity increases are inter

mittent. Cronin (1970 ) indicates that the 

periods of least total damage from dredging 

and disposal are in February- March and 

September-October in Upper Chesapeake Bay. 

Table 5 notes that copepod zooplankton 

dominate in the early winter ~nd surr~er 

while meroplankton of other invertebrates 

dominate in the spring and summer. 

Further , Pfitzenmeyer (1970) indicates 

winter/early spring as least deterrainal 

to benthic populaticns. Therefore, Cro

nin's .recommendation might also apply to 

mining/ screening operations in the Lower 

Bay. 

Several studies on the effects of 

suspended sediments on fis h have been re

ported in the literature (Rogers, 1969; 

Ritchie, 1970; Sherk et al., 1974; Neumann 

et al., 1 975; O'Conno·r et al., 1976 ) . One 

interesting effect noted by Stickney (1973) 

is that fish are attracted to areas where 

dredging/ mining operations are conducted. 

1 2 6 

This is primarily because of the exposure 

of benthic in fauna, or food. After 

dredging / spoiling operations have ceased, 

new populations of invertebrates become 

established in over a two year period. 

Initially, these populations may be of a 

different composition than before. As a 

result, the fish that tend to dominate the 

area are those whose food source is still 

ava~lable (Pfitzenmeyer , 1970; Stickney, 

197 3 ) • 

The most comprehensive study of sus

pended sediment effects on fish that are 

als~ found in the Lower Bay is that b y 
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Sherk et al. (1974) . Ta.ble 31 indicates 

:::e::::i:~:~~::~ ::c::~:~:1T~:::::~ s mac u- ~ 
Za t u s (hogchoker) and Ri ss oZa marqinata 

(cusk eel) have not been found locally at ~ 
the p ropcsed mining sites. However, Sco?h 

thaZmu s aquos us (windowpane) and Ammod;: t es 

ame~icanus (sand lance) are comparable I species in appearance and habit. All of 

these species either burrow into the sedi

ment or live at the sediment surface for 

much of their time. One would expect that 

species with this t ype of existence tole

rate some degree of s u spended sediments. 

Note that the concentrations producing 

cnly 10% mortality after 24 h exposure 

(Lc
10

) were in excess of 1 0 g .1-l. 

Sensitive species (Table 31 ) include 

Anchoa mitchi ZZi (bay anchovy) and Bre 

i> no r>i;ia t J r annus (menhaden), two typical 

estuarine species. ·say anchovies occur 

relatively frequently in the Lower Bay 

(see Tables 26, 27), especially during the 

fall months . Menhaden are less common 

overall, but pre most abundant in the fall 
-; 

and early winter months. A 10% mortality 

after 24 h exposure occurred in suspended 

sediment concentrations between 1 and 9.9 

g. 1-l. 

Highly sensitive species (Table 31) 

· include juveniles of menhaden and bluefish 

~t~~a~ornus saZtatrix) , and adult silver

sides (Uenidia menidia ) . Juvenile menha

den and bluef ish are most common dur i ng 
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Table 31. Sensitivity of fish species to sus?ended mixtures of Fullers earth at 10% 
(LC 10) mortality. From Sherk et al. (1974) . Asterisks indicate local S?ecies and/or 
closely related species found at proposed mining sites in the Lower Bay (in parenthesis) . 

Tolerant (24 h LC 10 > 

Fundulus heteroclitus 

Fundulus majalis 

Leiostomus xanthurus 

Opsanus tau 

-1 
10 g.l ) 

Trinectes maculatus (Scophthalmus aquosus) 

.1:Rissola marg1'.nata (Ammodytes americanus) 

Sensitive (24 h LC 10 

Monrone americana 

Monrone saxatilis 

Anchoa mitchilli 

Brevoortia tyrannus 

-1 
1 to 9.9 g.l 

Mic r opogon undulatu s (Prionotus carolinus) 

Cynoscion regalis 

Highly Sensitive (24 h LC 10 < 0.9 g.1 - 1 ) 

Pomatomus saltatrix (juvenile) 

Brevoortia tyrannus 

Monrone americana 
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(juveniie) 

(juvenile ) 



the summer months. Silversides are COITu~on 

in the spring and fall months (see Table 

14 ). Sherk et al. (1974) inciicate that 

juveniles of most species are more sensi

tive than adults. These highly ser.si ti Vt! 

species were affected by suspended 

Fuller!s earth concen traticns less than 

0.9 g.1- 1 . 

0' Connor et al. (1976) indicate that 

lethal effects of suspended solids v ary 

with the type of material used. All 

species tested (same as in Table 31 ) were 

less sensitive to natural sediment 

(Patuxtent River, MarylandJ suspension s 

than t h ose of Fuller's earth. Data pre

sented in Table 31 are for Fuller's earth. 

At most, sensitivity was a factor of 2 

less. Rogers (1969) also indicated that 

the composition of solids induces dif

ferent effects. Particle shape and angu

iarity were more critical than particle 

.size. However, O'Cor.rior et al. (1976) 

indicate larger particles had less effect 

than s mall ones. CoITUnon symptoms in dead 

fish include hemorrhaging of blood vessels 

throughout the body surface and packing of 

the gills and gut with sediment. F u rther, 

Rogers (1969) noted that decreased oxygen 

tensions may be the primary factor respon

sible for death in test fish. Air bub

bling s~spensions increased app~rent 

tolerance. Low oxygen effects may also 

partly explain increased mortality in. 

juvenile fish since they have greater 

oxygen demands per flesh weight than 

adults (see e.g., Rogers, 1969 ). It is 

now commonly believed that the cause for 

mortality by suspended mixtures results 

frorn anoxia. Sublethal effects are also 

noted, fer example gill damage, and blood 

chemistry changes (O'Connor et 31., 1976; 

Ritchie, 1970). 

It appears that fish species living 

in estuaries are not strongly affected by 

suspended sediment concentrations. Many 

species experience temporary increases 

in these concentrations due to storm and 

increased runoff. They also avoid areas 

with high levels of suspended sediment 
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(Stickn ey, 1973). Certainly, levels p ro

duced by mjning/ screening operations n ear 

tne s ource of suspended sedi~ents may cause 

some mortality if these le~els were main

~ained for a p~ol0ngeJ period. However , 

mining periodically would minimize this 

potential effect as woul.d limit ing activity 

to times of :;ear when fewest numbers of 

fish are present (winter, early-spring) . 

SUM."1ARY 

There is relatively little quantitative 

information on species distribution a nd 

abundance in the Lower Bay Complex of New 

York Harbor. The greatest lack of data 

exists in seasonal information on abundance 

and distribution. There is a need for fau-

I 
I 
I 
I 
I 
I 
I 

nal surveys in certain portions of these 

waters, especially near Staten Island, Romer I 
Shoal, and the East Bank regions. , 

The Lower Bay region may be charac-

terized as an impoverished one with respect 

to the number of species found in any one 

area at a particular time. The same n ay be 

said for numbers of organisms per unit area. 

The Lower Bay may be characterized as 

perturbated by a di verse input of pollutants 

which may have acted in the past (and p re

sent ) to reduce o rganism abundance and re

strict their distribut ion. 

The presence of several previously 

mined sand ?its on the West Bank region of 

the Lower Bay may further restrict org anism 

abundance. Since they were mined 7 to 12 

years a.go, the bottom sediments in these 

pits have not been recolonized. Ins~ead, 

they have accumulated large amounts of de

caying organic matter. This factor is 

probably caused by the isolated nature of 

these holes aha a restricted circulation on 

the West Bank. 

There appe ars to b e an undectable 

impact of mining pits on organism ab undance 

on the East Bank region of the Lower Bay. 

This is probably due t o the generally l ow 

species diversity and abundance in t he area. 

The probable effects of sand min i ng 

operations on biota per s e appear to be 

'Tiinimal. Predicted suspended se.diment 
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plumes are long and narrow, with only high 

concentrations within a few hundred meters 

of the source. Relatively few species 

would be killed during removal from the 

bottom due to the impoverished natu~e of 

the bottom biota. Those organisms now 

'present in the region appear to be mini

mally impacted by suspended sediments. 

There are a few exceptions, namely 

juveniles of certain fish species. Poten

tial impacts could be minimized by re

stricting operations to winter months 

(November to March) . 

The impact of sand mining on other 

factors, e.g. altered circulation patterns, 

tidal currents and tidal amplitudes, is 

less clear. Literature information indi

cates that the presence of mined pits in 

certain locations of ·the Lower Bay may 

amplify currents and tidal amplitudes. 

Choosing sites for mining should pay spe

cial attention to these effects. 

Due to the lack of quantitative data 

on organisms in several regions of the 

Lower Bay, it is recommended that sites 

selected in those areas be surveyed for 

biota on a seasonal basis for a period of 

time prior to approval of the site for 

mining. 

.. . 
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Appendix Table 1. Summary of Walford (1971) data on samples obtained by an 0.1 m2 

grab. Original data converted to #/m 2
; a and bare replicates. 

Smith-Mcintyre 

Tax a Stations 

2 5 6 10 12 . 21 27 28 
(31 taxa) a b a b a b a b 

Hydraotinia eohinata 20 

Cerebratulus sp. 10 10 10 

Nematoda 60 10 

Arioidea jeffreysii 30 

Cirratulidae 10 10 10 10 20 

Glycera sp. 20 20 10 10 10 10 10 10 10 

Lw11brina1·is sp. 10 

Neph ty s i rwis a 10 10 10 20 10 
,__. ,,,. Ne re is sp. 10 40 10 10 
0 Orbiniidae 10 10 

Pectinaria gouldii 20 

Phy Zl.o douia sµ. 10 40 

Polynoidae 10 

Sabellidae 10 

Sabellaria vulgaris 180 1,430 780 1,840 1,380 

Spio setosa 10 10 40 110 

Strebloopio benedicti 50 30 130 

Crepidula forniGata 30 100 10 20 20 10 

Cr>epidula plana 21 0 20 20 10 40 450 30 

Nassar·ius trivittatus 10 30 10 30 60 60 

Epiton1'. um sp. 10 10 

Tellina agi lis 10 90 100 20 40 40 40 60 

Mercenaria mer>cenaria 10 10 

Spisula solidissima 40 

- - - - .. - - - - - - .. - - - - - - -



- - - - - - - - - - - - - - - - - - -
Appe ndi x Table 1 - conti n ue d 

Tax a Stations 

2 5 6 10 12 21 27 28 
a b a b a b a b 

Ba Zan us imp Po v is u s 150 20 30 200 90 

Cyat h u J> a caJ>inata 10 

UncioZa s eJ>J>ata 70 10 10 10 170 160 

Pagu1' UB Zo n gicaJ>pus 10 10 

Cance!' i1'1'01'atus 10 

RhithJ>opano peus texana 30 20 20 

f--' Total # species 4 6 13 4 9 3 5 7 5 12 17 15 .... 
f--' 

Total #/m 2 190 310 1,980 120 180 30 150 llO 80 9 80 2,930 2,130 



Appendix rrable 2. Qualitative and quantitative distribution of marine invertebrates recorded by Dean and 
Haskin ( 1964). x = species obtained from qualitative samoles; Q = qualitative sample only; number of grabs 
taken is under station letter; tabulated values are #/m2. (-=station not sampled or reported.) 

--· 
19 J·une, 2 July, and 20 l\ugus t ( 1957) Stations 

a b c d e f g h i j k 1 m n 0 p q r s 

Species ( 3 o r rn o r e ) - 3 3 - 3 - - 3 - 3 6 

Sauar>ti.J. sp. 21 x 3 

Rhynchoco3la inident. x 

Eteone alba 3 

Eumida sanguinea x 

Ne re is succinea 9 159 12 48 

N1P'eis sp. A x 

f-' Po lydor>a ligni 3 24 x x 
"'" N Str>eblospio benedicti 150 x 

Lacuna v1:ncta 3 

Modiolus demissus x 

M1r1'.·i lus edulii> x 

Macoma sp. 15 9 13 

Mya ar>enaria 6 55 

Bal anus impr>ovisus x 660 x x 

Cya·thur>a poz.ita 13 

Ampelisca sp. 3 

Lirrm lus polyphemus x 3 

Total #/m 2 - - 180 - - 882 - 15 135 

# species quantitative - - 5 - - 7 -· 2 6 

Total # species 0 0 0 0 0 0 0 0 - 1 0 - 7 - - 7 - 6 12 

- - - - - - - - - - - - - - - - - - -



- - - -- - - - - - - - - - - - - - - -
Appendix 'i'able 2 - continued 

28 July and 15 ~ugust (19 58) Stations 

a b c d e f g h i j k 1 m n 0 p q r s 

Species - - - Q Q Q Q Q 6 6 6 6 Q 6 Q 3 3 3 3 

Sagar>tia sp. x x x 

Turbellaria unident. x x x x 

1-:teon.e alba x x x x x x x 

Ne1·e is succinea x x x x x x x 3 x 10 10 15 25 

Nereis sp. A x 

Glyeer>a amer>icana 3 

Po lydo ra lign i x x x x x 3 x 3 x 10 x 10 x 

Stre b lospio benedicti x x x x x x x x 
I-' fleter>omastis fi Uformis 5 ·I'-
w 

Pectin.aria gouldi 5 

Urosalpinx cinerea x 

Ma coma sp. 8 13 5 3 x 

Mya arenaria x x 120 x 60 20 25 225 

Balanus ·i.mpi•ovisus x x x x x 10 x x x x x x x x x 

Cyathura polita x 5 15 

Ampelisca sp. 3 

G{!mmarus mucronatus x x x x 

Crangon septemspinosa 5 

Callinectes sapidus x x 

Membr>anipor>a la.:Jr>oixi x x 

Bugula tur>r>i ta x 

Total #/m2 - - - 29 13 8 129 95 30 50 265 

# species quantitative - - - 4 1 2 4 6 2 3 3 

Total # species - - - 1 2 5 5 5 6 5 5 8 7 5 9 10 6 5 11 



Appendix 'rable 2 - continued 

20 July ( 19 59) Stations 

a b c d e f g h i j k l m n 0 p q r s 

Species 5 Q 6 6 3 - 6 Q 6 6 3 - 3 - - 3 3 3 6 

Sagar ti a leucolena x x x x 28 

Turbellaria unident. 5 x x 

Lteone alba x x x x 3 

Nereis succ-inea 5 8 x x x x x 5 x 3 

Nereis sp. A x x 15 

Glycera dibranchiata 3 

S<'o lop los frag-i li s 5 

Polydora Ugni 5 15 x 10 5 x 5 10 50 
1--' Spio setosa 5 10 8 
""' ""' Streplospio benedicti 10 35 x 

Tharyx sp. 8 

Pectinaria gouldi 20 5 5 

Lacuna vincta 5 

NassaY'ius obsoletus 10 

Acteon punctostriatus 3 

Macoma sp. 10 3 20 

Ens is directus 3 

Mulinia lateY'a lis 5 10 30 

Mya arenaria 3 10 290 14,200 2,500 12,400 8,458 

Balanus impr·ovisus 15 140 x 5 75 10 x x 5 20 

Cyathura polita 150 15 x x 15 5 8 

Edo·tea tl'i lob a x 3 

Gamma Pus mucl'onatus x x 

Rhi thr·opanopeus 
hal'l'issi x 8 

- - - - - - - - - - - - - - - - - - -



-

I-' ... 
Ul 

- - - - - -
Appendix Table 2 - continued 

20 July (1959) - continued 

Species a b c 

Limulus pol yph emu s 

Membr>anipor>a lacr>oixi 

Molgula manhattensis 

Total #/m 2 

# species ~uantitative 

'I'otal # species 0 0 0 

- -

a e f g 

175 - 191 

4 - 6 

0 6 - 6 

- - - - - - - - - -
St:ations 

h i j k 1 m n 0 p q r s 

.5 

x x x 

x x x 

15 94 75 - 290 - - 14,245 2,515 12 ,445 8,696 

2 5 7 - 1 - - 6 4 7 19 

7 6 6 10 - 7 - - 13 11 10 20 



~ppendix Tab le 2 - continued 

10 August (1960) Stations 

a b c d c f g h i j · k l m n 0 p q r s 

Species - 6 6 - 6 - - - 6 - 3 - 3 - - - - - 6 

Ilydroid uniden t. x 

Sagartia ZeuooZena 10 

Anemone unident. x 

Turbellaria unident. x 

Ne re is suoo·inea 5 

I-' 
PoZydora Zigni x 15 ... 
PoZydo1'a sp. 130 "' 
Spio setosa 3 

Spio fi lioM•nis 15 

Streblospio benediati 5 

Tharyx sp. 3 

Amphiateis gunneri 3 

Aateon pun a tostriatus 3 

Maoorna sp. 8 25 5 

f.1ya a1'ena1'ia 3 55 1, 238 

Bal anus imp1'ovisus 568 x 

Cyathura poZita 20 140 75 3 5 28 

Crangon septernspinosa 3 

Rhithropanopeus 
harrissi 5 15 

- - - - - - - - - - - - - - - - - - -



-
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- - - - - - - - - - - - - - -
Appendix Table 2 - continued 

10 August (1960) - continued Stations 

Species a b c d e f g h i j k 1 m n 0 p q 

Bug ula sp. 

Bowe rbankia gracilis 5 
--

Total #/m2 - 20 140 - 786 - - - 47 - 5 - 85 - - - -
# species quantitative - 1 1 - 6 - - - 6 - 1 - 3 - - - -

Total # species - 1 1 - 6 - - - 6 - 1 - 8 - - - -

Note: Some genera listed by Dean and Haskin have since been changed - Noanthes = Nere1'. s; Cistenides = 
Pec-tinaria; fla.ploscoloplos = Scoloplos; Cai·m'.nogamnanw = gamrnarus . 

r 

-

-

-

- - -

s 

3 

1,313 

10 

10 
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ilppendix Table 3. Distribution and abundance of the 30 most prevalent species encountered in Dean's Raritan Bay Macrobenthos 
Survey, 1957-1960. Numbers given are the density per square meter; P = present in qualitative samples or species identified 
but not counted. Dean's original Table 4 has been reworked to yield station totals of the number of individuals per square 
meter, the numbe r of species in quantitative determinations and the total number of. species. These totals include those listed 
for each st.ation in Dean's Table 5 (see Appendix Table 4. Unidentifie_d species not included.) Numbers in J)arentheses beside 
station numbers = number of grab samples obtained. Stations 1-33 were sampled by van Veen and the rest by Smith-Mcintyre 
<1rabs. ii Q beside the station number indicates quantitative sample by other means . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·-~--~~-~~~~ 

'raxa 

MicJ>O(~"!.·. v~w pt'olifeY'a 
HQliµlanell a l1tuia e 
lep id (ll! o tu:> sq ua1ria tu s 
t:t.('one lact ea 
FumiJa vanyui11ea 
1Ve.1•ei a iJl.H:cinea 
N • .:t·ei.s vii•ens 
(;[ycPl"U Ltmeriea11 Q 

c?!!/<!Rr·a dibran~liiata 
!;,!nl01,zon fragili~ 
/'i>/yrio?•a l1'.gn1: 
:._,'piu iiClOG f~ 

Strcblonpio ba11eJioti 
llclercmart l1u: fi li f o l'mis 
l't:ct £n1u•ill aou ldii 
C 1 •e .11-f. dt~lu [orni crrta 
N<JB.'1aPitw obsoletus 
N11::r.ur•i113 lr iviitatus 
,'-f t?rc~ 11rtf'1: u mJ? r oenaria 
f,'11:,;i :; dif' l?(!!,U :;; 

Nul i 1lin late>•aliD 
.'1110. a»enari11 
D~lanua improvisus 
Ampa l is."!a n;i . 
U~c:: -Lulc.: aarra ta 
Cyathura poli tu 
Callineetes sapidus 
limul1ts polyphemus 
Conopeum pqtiaulum 

No. Sta . Where 
Found in Quant. 

Samples 

4 
9 
4 

25? 
25 
76 
20 
57 
39 
44 
86 
47 
31 
53 
55 
16 
90 
41 
40 
78 
78 

1~7 
34 

101 
44 
51 

14 
17 

Total No. Sta. 
Where Found 

60 
59 
41 
nJ 
86 

14 5 
42 
59 
47 
l!B 

134 
50 
65 
53 
56 
48 

100 
45 
64 
79 
79 

180 
97 

125 
56 
54 
53 
74 
SS 
53 MolquZ.a manhaq~n8f !' _ __ _ - - ----

Total # / m2 

i Species ~uantita tive 

Total # Species 

- - - - - -

1957 Stations (all Raritan Bay) 

l ( 3) 

p 

J 
75 

6 
15 
18 
30 

1800 

p 
p 

1960 

9 

14 

2 (3) 

6 

174 
p 

p 
r 

3(3) 

1 

21 

4(3) 

p 

p 

9 

6 
p 

6 

p 

5(3) 

p 

6 

3 
9 

p 

6(3) 

p 

p 

3 
!' 
p 

p 
r P --·--·- - - --- ·-----

183 

3 

8 

24 21 

7 

21 

4 

6 

15 

11 

- - - -

7 (3) 

p 

9 

p 

p 

78 

-

23 (3) 

30 

p 

p 

24 (3) 

p 

6 

3 

25 (3) 

p 

p 
p 
p 
p 

6 

p 

6 
p 

9 210 p 
p 

45 

4 

7 

-

120 
p 

13 200+ 
3 

30 
[> 

339 JJ257+ 

9 

5 25 

- - - -



- - - - - - - - - - - - - - - - - - -
~ppendix Table 3. (cont'd.) 

1957 Stations (All Raritan Bay) . 

Tax a 26 (3) 27 (3) 28 (3) 29 ( 3) 30 (3) 31(3) 3/. (3) 33 (3) 34 ( 3) 35 (3) 36 (3) 37 ( 3) 38 (3) 39 (3) 40 ( 3) 

Microciotra prolifera p p p p p p 

Haliplanella luciae p p 15 p p p p 10 p 

Lepidonotus squamatus p p p p p p 

Ete one lactea 3 p 

Eumida eanguinea 9 45 p p p p p 5 15 
Nei•eis s uccin ea p 78 p 5 p p 10 40 5 p 10 p 5 p 
Nereis virens 
Glycera americana 3 7 10 5 15 5 5 5 5 
Glycera dibranahiata 5 5 5 10 p 
C.eoloplos fragilis 3 3 4 p 5 p p 
l'o lydora ligni 9 p p 5 p 25+ [' 
Spio setosa 12 5 10 
Streblospio benedicti p 10 p 
Hcteromas tu s filif ormis 4 5 10 10 

t--' Peoti naria gouldii 6 3 25 25 5 25 5 5 40 
""' C1•epidula f ornicata 45 5 "' Nnosariua obaoletus 6 14 20 

Nas.1at•ius trivittatus 
Nei•cenaria mercenaria 3 p 10 5 5 5 p 
f.'nsia direatus 
Mt4lin ia lateralis 12 84 250 5 5 20 
/I/ya arena l~ia 3 9 95 15 250 p 10 60 10 75 350 275 25 
BalanU8 improvieus p 321 445 215 10 30 5 
Ampeliaca sp. 3 60 42+ 20 30 700 80 15 60 5 5 30 
Una i ola serrata 519 3 p 3 45 50 350 10 5 5 
Cya thura poli ta 15 6 7 5 5 15 5 5 5 
Callinectes aapidua p p p p p p p 
Limulus polyphemus p p p 5 p 
Conopeum reticulum p 

Mol@ula manhattenaia p p p p 30 p 5 p 

Total l/m2 63 10 44 99 275 65 593 7E5 ' 165 615 880 80 180 385 360+ 140 
I Species quantitative 12 11 8 12 6 8 8 e 10 14 9 13 6 11 9 
Total I species 21 18 17 15 13 18 16 21 15 17 13 18 11 14 19 



Appendix Table 3. (cont'd.) 

1957 Stations (All Raritan Bay ) 

Tax a 41(3) 42 (3) 43(3) 45(6) 46 (6) 47(6) 48(6) 49(6) 50(6) 51 (6) 5 2 (6) 53(6) 55(6) 56(6) 57 (6) 

lliorooiona prol-lfera p p 
Haliplanella Zuoiae p p p p p p 18 p 
Lepidonotua oquamatua 5 p 
Eteone laotea 5 5 
Eumida aanguinea 5 p p 8 8 13 
Ne1'eis suocin e a p p p 2 p p 13 28 15 8 10 145 13 p 15 
Nereis virens 3 p 3 3 8 
Glycera americana 5 10 
Glyo•r~ dibranohiata 5 3 15 3 3 5 
Sc oloplua fragilia 10 2 
Po lydura Zigni 5 3 55 8 p p 
Sp io setoaa 3 p 
Strebloapio benedicti 3 p 
Heteromaatua filiformia 

t-' Peotinaria gouldii 5 5 15 15 30 23 5 8 5 23 3 
tJl Crepidula fornicata p p 5 
0 Nassarius obaoletua 15 15 p p 3 3 s 8 

Nassariua trivittatua 5 p 3 8 
Mercenaria mercenaria p 5 p 
Enais direotus 5 
Mulinia Zateralia 20 5 8 13. 5 10 3 55 
Mya arena1'ia 25 p 5 2 3 43 45 93 100 175 28 48 p 
Balanus improvisus p p p p p p 325 qo 
Ampeliaca ap. 90 10500 800 31 40 18 5 30 3 3 3 10 3 p p 
Unciola BP,rr>ata p 

Cyathur>a polita 15 
Callinectea aapidua p p p p 
Limulua polyphemua p p p p p p p 
Conopeum reticulum 
Molgula manhattenaia 10 p 3 p 13 p p 5 3 170 p p 20 

Total l / ni 2 
190 10550 845 61 67 77 103 122 138 163 277 741 128 36 173 

t Species quantitative 14 7 4 9 6 7 7 7 7 9 9 15 7 3 11 
Total t species 19 13 13 15 17 15 14 15 11 9 10 16 12 10 17 

- - - - - - - - - - - - - - - - - - -



- - - - - - - - - - - - - - - - - - -
Appendix Table 3. (cont'd.} 

1957 Stations (All Raritan Bay) 1958 Stations 

Tax a 58 (6) 59(6) 60 (6) 61(6) 62 (6) 63(6) 64 (6) 65 (6) 66 (6) 67 (6) 68 (6) 69 (6) 101(6) 102 (6) 103(6) 

Microoiona prolifera p 

Haliplanelln luciae p p p ·3 p 

Lepidonotua aquamatua p 

Eteone Zactea 
p 

Eumida aanguinea p p p p p p 

Nereis aucoinca p 10 5 3 8 8 3 10 8 5 8 p 3 p 

Ne re is vi rens ll 3 8 5 

Glycera americana 3 
Glycera dibranchiata 8 p p 3 p p 5 8 8 

Scoloplon fragilia 3 3 
Polydora ligni p p p p 3 3 5 3 p 

Spio aetosa 3 3 3 

Strebloapio benedicti 3 5 p 

Heteromaatua filiformia 3 

I-" Peatinaria 9ouldii 10 10 20 40 13 5 30 
lll Crepidula fornicata 
I-" Nasaariua obsoletus 3 3 3 3 3 

Naaaarius trivittatua 3 5 8 
Meraenaria mercenaria 5 5 
Ensis direatua 3 3 p 5 
Mulinia Zateralia 3 25 5 10 p 3 50 40 45 10 3 
Mya ar>ena'l"ia 5 28 153 138 25 15 148 135 90 45 25 73 10 100 
Balanus improviaus p p 18 3 p p 28 

Ampeliaca ap. p 5 5 5 p 3 p 3 28 3 

UnaioZ.a serra ta p 8 5 3 

Cyathura polita 3 40 

Callinectes aapidus p p p p p p 

Limulua polyphemus p p p 3 p p p p 

Conopeum retioulum 3 p 3 

Molgula manhattcnsia p p p p 18 p p p 

--
Total l/m2 

24 21 74 196 178 41 59 241 218 146 111 123 1408
1 

100 385 

I Species quantitative 5 4 5 10 8 4 5 11 8 5 7 10 . 8 15 7 

Total I species 12 5 7 15 13 13 15 17 12 5 12 19 17 21 15 
1 GP.mma gemma = 1308/m2 



Appendix Table 3. (cont'd.) 

1958 Stations (All Raritan Bay) 

Taxa 10~ (6) 105 (6) 106 (6) 107 (6) 11)8 (6) 109 (6) 110 (6) 111 (6) 112 (6) 113 (6) 114 (6) 115 (6) 116 (6) 117 (6) 118 (6) 

Micr ociona prolifera p p p p p p p p p p p p 
Ha liplanella luciae p p 
Lcpidon otua aquamatus p 3 
Eteone lactea p p p p p p p 
Eurnida &anguinea p r p p p 3 p 
fler e is s 1,ccinea 10 3 p p p 5 p 5 p 
Ner•eis uirena 
Glycera ame 1•icana 5 3 3 3 10 10 13 
Glycera dibranchiata 3 
Scolop lov fr~gilis 3 3 5 3 10 
Polydora ligni p p 3 p 3 10 15 5 3 8 5 3 50+ 5 25 
Spi o setosa 3 
Soreblospi o benedicti p p 5 p 5 p 
Heteromastus filiformis 3 5 10 3 3 5 3 3 3 8 

I-' Pec tinaria gouldii 3 5 18 
U1 C>•epidula fornicata p p 

"' Nas~arius ob so l etus 5 3 10 13 15 10 10 35 28 18 25 15 
NasRa!'iuo trivittatua 3 3 8 3 10 
Me rcenaria mercenaria p p p 3 3 3 3 8 8 
Ens·is direclUa 3 8 1 / 4 3 8 13 e 20 
Mulin ia la tera lis 1 3 3 5 3 5 J 
/I/ya arenaria 145 85 255 110 40 23 20 18 43 178 J7S 15 35 23 
Halanua improvisus p p 15 p l.03 p 15 p BO 
~mpe Zia ca op. r 16+ 5 13 3 8 3 10 5 30 75 5 

Una1'.ola serra ta p p 16 
l'ya thu ra pol-ita 15 10 15 3 
Callinectes sapidus p 

Limuluo polyphemua p p p 
Conopeum r·e ti cu lum p p p p p p p p 3 p 
Molgula manhattenais p 

Total fl/m2 
172 171+ 284 166 98 58 69+ 61 75 177 252 3 39 168+ 223 163 

f Species quantitative 7 9 7 10 9 8 8 10 9 12 10 15 18 13 9 
Tota 1 I species 15 17 18 14 17 14 13 18 10. 21 17 26 25 24 18 

- - - - - - - - - - - - - - - - - - -



- - - - - - - - - - - - - - - - - - -
~ppendix Table 3. (cont'd.} 

1958 Stations (All Raritan Bay) 

Taxa 132(3) 133(3) 134(3) 135(3) 136(6) 137(3) 138(3) 139(6) 140(6) 141(6) 142(3) 143( 3) 144( 3) 145(3) 146(3) 

Microoiona prolifera p p p 

Haliplanella luciae p p p p p p p 

Lepidonotus squamatus p p p p p p 

Eteone lac tea p p p p 5 3 p p p 

Eumida aanguinea p p p p p p 5 p 

Nereis suoainea 5 p p 5 p p · 3 3 p 10 35 
Nereis virena 5 15 
Glycera americana 5 15 
Gly ae ra dibran c hi ata 15· 3 
Sco loplos fragil io 5 5 
Po Zydora ligni 5 30 15 33+ 10 40 75 58 p 5 p 10 p 15 
Spio setosa 5 5 3 3 3 10 5 10 5 
St r eblospio benediati p p 10 p p 

Heteromast us filiformis 5 5 3 5 

I-' Pectinaria gouldii 15 5 
V1 Crepidula fornicata 83 p 3 50 p 
lv Naasal'ius obsoletus 15 60 30 8 p 5 25 5 10 130 

Nasaarius trivittatus 20 5 15 8 
Me rcenaria merc enar i a 15 p p 3 
Entn:a directua 5 18 10 5 3 30 
Hu lirda la tera iis 5 8 5 5 5 
Mya a1•enaria 20 5 7C 10 53 50 90 168 483 55 15 70 1120 755 70 
Balanua improvioua f 33 p p p 545 23 5 p p p 218 
Ampe lisca sp. 10 3 100 10 13 p 10 

Unoiola serrata p 30 p 53 28 10 

Cya thura poli ta 8 p 3 10 
Callinectes s api dus p p p p p p p p 
Limulus polyphemus p p p p p p p p 
Conopeum reticulum p p 3 p p 3 3 p 
Molgula manhattens i s p p p p 

Total l/m2 50 10 225 105 336+ 205 200 362 126.l 137 45 100 116-0 760 493 
I Species quantitative 5 2 9 10 21 9 7 21 20 9 6 4 7 2 7 
Total I species 7 3 14 22 H 36 20 30 25 19 9 10 10 7 18 



llppendix Table 3. (cont'd.) 

1958 Stations (All Raritan Bay) ' 

Taxa 147 (3) 148 ( 3) 149 (~) 150(3) 151( 3) 152(3) 153 (3) 154 ( 3) 155 (3) 156 ( 3) 157 ( 3) 158 ( 3) 159 ( 3) 160 (3) 161 (3) 

Ni c r oc i ona pro lifera p p p p p 
Ha l iplanella luciae • p 5 p 
Le pidon o tua aquamatus 
Et e cit1e lactea p p p p p 
t1,mida Hanguinea p p 
Ne r a i ff s1uJeinea p P · 5 10 p 5 5 5 5 
Ne r e 1'. s virens 5 10 10 15 5 20 40 p 5 p 
Gly o eJ'a amel"icana 5 
Glyoera dib1•anohiata 10 10 5 
Scot opl oa fragilia 10 p 5 
Po lydot'a ligni 25 5 20 5 p 5 p p p p 5 15 
Spio s etos a 5 20 5 
:i l1·eb l O•pi o benedi c ti p p p 

Hc t e r oma s tus filiformis 5 5 

I-" rc~ti n a ria 9ouldii 
ln Cr epi dula forni ca ta 

"" NnaBa ril' S obs ole tu s 70 105 15 40 15 20 p 20 20 15 
Naa'J ar i us triuitt a tus 
Me r ce naria mercena ria 
t: n .~'!· G di r ea tus 10 5 10 5 5 30 10 10 5 
/i.' 11 !iu i a lateralis 10 5 
f.ly fl at•c nal'i a 265 570 320 225 665 BO 45 160 80 840 1640 lOG 220 15 50 
Bala nus impr ovisus 225 p p p p p p p 
Hmi'e l ·isca sp. 5 10 5 I' p 
Una iv la serrata 5 5 p 
Cyathura polita 5 
Callinectes sapidua p p p p p p p p p 
Limulus polyphemua p p p p p p 

Conopeum 2•eticulum 5 p p p 

Molgula manhattensia p 5 5 p 

Total l / m2 305 605 350 575 830 175 l15 210 270 900 1715 100 255 65 75 
f Species quantitative 4 6 4 9 13 10 7 8 10 6 7 1 5 6 4 
Total # species 12 B 9 17 18 17 14 20 21 10 14 3 9 8 

- - - - - - - - - - - - - - - - - - -
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1 Spisula solidissima = 802/m

2 

Appendix Table 3. (cont'd.) 
Tellina agilis = 510/m

2 

Spisula sol:Wissima = 1373/m2 

Myti lus edu lis = 2960 + /rn 2 
---

(Raritan Bay) 1958 Stations (Lower Bay) 

Tax a 162 ( 3) 164 (3) 165 ( 3) 166(6) 167 (Q) 168(Q) 169 (</) 170(Q) 171 (6) 172 ( 3) 173 (6) 17 4 ( 3) 175 (3) 176(6) 177 ( 3) 

Microciona prolifera p p 5 p p p p 

Haliplanel la luciae p p 

Lepidonotus aquamatus p p p p 15 p p p p p 

Eteone laatea p p 13 p p 3 20 p 3 p 

Eumida aanguinea p p p p p p p 5 p 3 10 p 3 
Nereia succinea p p p p p p p 8 5 3 10 p 5 p 

Ner-eis vir•ens p p 15 p 

GJycera americana 5 18 p 40 5 20 30 3 

Glyaera dibranahiata 
5 8 5 Saoloploa fragilia 

Po lydora ligni 10 p 10 53 p p p p 28 15 3 30+ p 5 p 

Spio setosa 5 35 5 5 
Streblospio benediati p 5 p 305 p p p p 10 p p 

Heteromaatuo filiformis 10 .28 3 5 5 
I-' Pectinaria gouldii 5 20 5 5 
lJl Crepidula forniaata p p p p p 5 p p 5 p p 
Ul NassaPius obaoletus 15 20 25 p p 

Naaaarius trivittatus 5 3 p 5· 10 5 20 10 5 
Mercenaria mereenaria p 5 p 

Ensie directua 5 38 3 10 8 25 15 28 
Mulinia lateralia 5 330 5 20 370 
Mya arenar·ia 25 60 45 53 p 5 3 15 80 3 5 
Ba lanue impr•ovisus p p p p p p p p p 3 
Ampeliaaa ap. 5 5 p 10 55 3 
Unciola serl'ata p 3 25 30 p 3 
Cyathura polita 20 5 45 5 13 p 

Callinectea aapidua 
p 18 3 p 

Limulus polyphemus p p p p 

Conopeurn reticulum p p 5 p p p 3 p p 

Molgula manhattenais p p p 

Total l/rn2 
85 110 170 1835 1 --- --- ---· --- 5032+ 2 135 114 290+ 295 128 420 

I Species quantitative 7 8 12 23 0 0 0 0 37 12 20 21 13 21 11 

Total # species 26 22 22 29 16 23 20 22 44 27 29 31 28 33 20 



Appendix Table 3. (cont'd.) 

(Lower Bay) 
1958 Stations (Lower Bay) 1959 Stations (Raritan Bay) 

Taxa 178 (3) 179(6)210(6) 211(6) 212(6) 213 (3) 214(3) 215 (3) 216 (3) 217 (6) 218(6) 219(3) 220(6) 221 (6) 222(6) 

Microciona prolifera p p p p p 3 p 

Haliplaneil.a luaiae p p p p p 

Lepidonotue aquamatua 
5 p p p 10 3 p Eteane lactaa p p p 

Eumida aanguinea p p p p p 

Ne'f'eia succ-inea 5 3 p p 5 p 15 p 8 3 

Nertei1;1 vi r~na 3 p 
Gly~era americana 10 5 p 3 5 
Glyc~ra dibranchiata 13 27 20 15 10 18 
Sco loploe fragilie 3 5 3 
l'olydo'l'a ligni 10 10 p p p p p p p 
Spi o setosa 3 5 3 13 
Streblospio benedicti 3 3 p p 55 p 5 10 30 

..... Heteromaetus filiformie 25 5 25 155 5 5 
Ul Peotinaria gouldii 25 5 3 

"' Crepidula fornicata p p p p 
Nasaarius obsoletus 48 5 15 45 20 l.O 65 35 
Naeearius trivittatus 10 5 
Meraenaria mercenaria p l3 5 5 5 p 
Ensis direatus 5 23 5 
Mulinia lateralie 35 8 3 8 
Mya arenaria 5 93 3 85 20 5 75 75 10 1120 1440 453 13 85 
8alanuu improvious p p 5 5 
Ampe !is ca ap. 45 67 J 73 3 45 10 15 25 10 30 13 
Uni aola serrata 15 8 p 

Cyathura po!ita 25 5 5 5 40 
Callinectes s~pidus p p p p p 

Limulus polyphemus p p p . p p p p p 

Co nopeum reticulum 3 3 p 

Molgula manhattensis 

Total l /m2 160 208 637011 163 263 uo 180 175 200 28 1184 1575 498 121 157 

I Species quantitative 8 20 10 12 9 7 5 7 9 5 8 9 6 10 6 

Total I species 1 2 25 11 17 12 19 12 13 13 15 16 14 6 13 14 

1 Gemma gemma ~ 63,520jm2 

- - - - - - - - - - - - - - - - - - -
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Appendix Table 3. (cont'd . ) 

1959 Stations (All Raritan B~y) 

Tax a 223(3) 224(6 ) 225( 6) 226(6) 227(3) 228(3) 229(6) ·230(3) 231(6) 232(6) 233(6) 234(6) 235(6) 236(Q) 237(6) 

Miarooaiona proo liferoa 
Ualiplanella luaia• 
Lepidonotus aquamatus 
Eteone lac:tea 
£umicla sanguinea 
Ne1•eis suooinea. 
Nu1•eis z;·i1·en/3 
(,'lycera c.m~ 1·icanu 

r;[yc..:r·a diln·aneliiatu 
S!)otop los j'1·agi lis 
Po ludoru 7.igni 
Spio !Jeto:Ja 
Streb lnapio ben eclie ti 
!letel'Offla::Jluc filifurmis 
f 'eet·ina1··ia gou ldii 
C1·epidu la f o1"11iea ta 
N~u9a1•i1,s obsole tu s 
Nu~aui•iu~ l1·iviltatus 
~fer•oenaria me1·uena1·iu 
f~'n:1is d1:r·eetus 
Nulinia Zateralis 
M!Jtl ar·enaria 
flalanus impriouisH8 
Am11eliaaa sp. 
~·11.~ i.:.· l u. sa1·rata 
Cya tliuru pol-i ta 
Callinectes sapiduo 
limulus polyphemus 
ConO[Jeurri }'e ti nu lum 
Molyula manJ1att~nsis 

TotalV ;;;-2 -· 

~ Species quantitative 

To tal i. species 
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p 
p 
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p 
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Appendix Table 3. (cont'd.) 

Raritan Bay 1959 Stations Lower Bay 

Tax a 238(3) 239(3) 240(6) 241( 3) 242( 3) 243(6) 244(6) 245(6) 246(3) 24 7( 3) 248(3) 249(6) 250(6) 251(6) 252(6 ; 

Miorooiona prolifBra p p 

HaliplanBlla luoiae 5 p 3 p 

Lepidonotue equamatus p p p p p 

Eteone laotea 5 p 3 p 10 3 3 p p 8 p 50 

Eumida aanguinea 5 3 p p p p p p 

Nereis suocinea 5 p p p p 3 p p 

Ne rei s vi 1~cns 
p 20 p p 

Glyaara americana 20 5 5 5 18 20 40 

Glyaera dibranchiata 5 3 3 10 5 
Sooloplos _fragilis 5 
Polydora Zigni 250 50+ 15+ p 20 50+ 5 p 10 5 33 30 358 
Spio s etosa 5 5 3 20 
StrebZo~pio benediati 10 15 8 p 13 
Heteromastus fiZiformis 5 3 3 

f-' Pectinaria gouldii 10 8 
Ul Crepidula fornicata p 18 p p 5 5 
ro Nassarius obsoletus 150 55 35 15 20 15 5 30 p 

Has sari us trivittatus 3 8 5 

Mercenaria mercenaria 10 10 5 10 p 3 p 5 
Ensis directus 5 8 18 63 50 5 5 3 33 1 5 18 

Mu Zinia Zat er a lis 35 30 23 115 5 5 5 

Mya arenaria 70 p 168 1440 1330 205 10 400 300 455 49 5 p 55 35 105 

Balanus impr ov i sus 8 p 3 3 35 3 p 

Ampelia ca ~p. 160 p 35 110 40 3 3 5 

£.lnciol.:z serrata 15 3 13 5 5 5 3 5 
Cya thura poZita 5 3 15 
Ca llineote s sapidus p 

Limulus polyphemua p p p p 5 p p p 

Co nopeum reticulum p 3 3 p 5 
Molgula mnnhattenais · 45 

Total f / m 735 135+ 331+ 1625 1445 3 42+ 50 549 505 4 85 515 55 364 320 6 06 

I Species quantitativ e 16 7 18 8 10 15 10 12 5 4 4 9 27 16 2() 

Total I species 19 13 25 17 15 23 15 13 10 6 4 14 38 29 26 

- - - - - - - - - - - - - - - - - - -
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Appendix Table 3. (cont'd.) 

Lower Bay 1959 Stations Raritan Bay 

Tax a 253(3) 254(6) 255(3) 256{3) 257(6) 258(3) 259(3) 260(3) 261(3) 262(3) 263(3) 264(3) 265(3) 266(3) 267(6 : 

Nicl'oai.ona prolifera p 5 p 5 p 

Haliplanslla luciae p p p p p 

Lepidonotus squamatus p p p 

Et eons lact.a 10 23 20 p p p p p 

Eumida sanguinea 5 3 p 3 5 p p p 

Nereis sucoinea p 3 5 p p p 5 5 p p 5 p 

Ns1•eis virens p p 

Clyoera amerioana 8 50 10 

Glyoera dibranahiata p 

Sooloplos fragiZis 8 p 5 

Polydora ligni 105+ 130 155+ 5 p 30 5 p p 25 p 

Spio setosa 15 3 5 
Streblospio benedioti p 5 3 p 10 p p p 

Heteromastus filiformis 5 5 5 

I-"' Peotinaria gouZdii 5 15 
Vl Crepidula fornioata p p p p p 
\!) Nassarius obsoletus 5 10 p 25 5 10 

Nassarius trivittatus 20 8 45 5 p p 3 
Neroenaria mercanaria 10 5 p p p p 

Ensis dirsotua 25 45 3 10 55 5 5 10 40 

Hulinia Zate~aZis 18 10 70 20 60 100 20 175 40 35 90 . 30 5 
Hya arenaria 75 48 21760 1000 2150 3320 4000 45 1240 2475 12160 5920 335 35 5 

Balanus improvisus 260 p p p 1475 p 5 p 

Ampeliaaa sp. 35 5 5 110 105 30 40 

Unoiola serrata p 5 20 p 

Cyathiu•a po li ta 5 5 20 5 

Callineates sapidus p p 

Limulus polyphemus p p p 

Conopeum ratic~lum p p p p p 

Holgula manhattenaia p 5 p 5 

Total l/m2 62580+1 341 22215+ 1070 2187 3395 4175 70 1445 4050 12390 6170 460 140 11 

I Species quantitative 13 23 21 2 7 5 6 3 6 9 15 9 8 9 3 

Total I species 25 33 36 5 8 6 lO 4 15 13 28 20 16 21 10 

Gemma gemma = 62,000 / m2 



~ppendix Table 3. (cont'd.) 

1959 Stations f.Raritan B!ly) 1960 Stations (Lower Bay) 
Tax a 283(3) 284(3) 308(3) 3C9(3) TI0(3) 3110) 3PC3l 313(3) 314(3) 315(3) 316(3) 317(3) 318(3) 

Microciona prolifera p 
Haliplanella luoiae 5 
Lepi donotus squamatus 
l:.1ts o ns l.aotea p 

Eumida sanguinea p 55 25 10 
Nereis suooinea 5 25 5 20 5 10 20 5 
NeY'sis virens 25 30 20 
Glyoera americana 10 35 15 
Glyae ra dibranohiata 30 5 5 20 
ScoZoplod fragilis 5 10 10 25 50 65 
Folydol'a li gni 5 p 5 65 25 10 55 
$pi o set osa 40 5 20 5 35 
Stl'eblospio benedioti 5 5 
Het Rromaotus filiformis 5 65 100 40 

I-' Pectinaria gouldii 5 15 30 20 15 
°' Crepidula fornicata 20 5 5 5 0 

Naaa ari ua obsoletus 5 5 45 5 15 sa 50 25 80 
Nassarius trivittatus 5 150 40 
Mercenaria mePcenaria 5 5 5 15 
F:nsic directus 25 5 5 5 5 20 5 10 
Mulinia lateralis 105 25 20 
!.lya arenariia 5760 9880 4000 115 25 2625 1155 2540 755 110 1045 1305 
B~lanus improvisua p p p 15 
Ampeliaca op. 10450 10 65 195 300 685 4895 570 7985 30 150 
:Jnc:io la Serrata 1835 5 5 60 
Cya ·~hura polita 10 30 5 65 5 5 
Caliineotes oapidus 
Limu lus po lyphemus B 
Conopeum reticu lum 
Mo lgula manhattensis p p 5 

---

Total l/m2 
5920 9995 17075 145 140 2940 1595 3440 5660 885 9675 1380 680 

I Species quantitative 6 8 19 6 9 13 11 6 11 9 19 7 24 
Tot;il I species 6 14 22 9 9 13 H 8 11 9 19 7 24 

- - - - - - - - - - - - - - - - - - -
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Appendix Table 3. (cont'd.) 

1960 Stations (Lower Bay) 

Tax a 319(3) 320(3) 321( 3) 322(3) 

Hiorooiona prolifera 
Ba Up Zans l la luoiae 
Lepidonotua aquamatua 5 

Eteone laotea 
Eumida sanguinea 155 125 
Nereis suooinea 10 10 10 
Nersis virens 
Gly·oera americana 30 25 5 
Glyoera dibranohiata 10 
Sooloploa fragilia 80 15 25 90 
Polydora tigni H5 150 50 
Spio aetoaa 5 45 150 5 
Strebloapio benedioti 5 
Beteromastua filiformia 5 5 40 15 

I-' Peotinaria gouldii 20 15 
CJ'> Crepidula fornioata 85 
I-' Naaaariua obaoletua 5 

Naaoariua trivittatua 65 
Mercenaria meroenaria 10 
Ensis directus 
Mulinia lateralia 
Mya arenaria 20 10 10 

Balanus improvisus 
5 Ampelisoa ap. 35 45 

Unaio la BBl'rata 5 15 1Mytilus edulis = 4,090/m2 
Cyathura poiita 25 20 
Callineotea aapidua 2Mytilus edulis = 670/m2 
Limulua polyphemua 
Coraopeum :re ti cu lum p 311yti lus edulis = 620/m2 
Holgula manhattenaia 

Total l/m2 175 4490 1 1740 2 870 3 

I Species quantitative 11 20 22 12 
Tota 1 I species 11 23 25 13 



Table 4 . Distribution and abundance of the less prevalent speci es encountered 
in the Dean's (1975) Raritan Bay Macrobenthos Survey, 1957-1960. In parentheses 
after each station number is the number of organisrns per ro 2 or their presence (P) 
in qualitative sa~ples. 

Species 

Cerianthus sp. 

lepidonotus 
subZevi s 

Eteone 
heteropoda 

Podarke 
obs au r a 

Dr ilone reis 
Zonga 

SaoZeZepi s 
s quamata 

SaoZop Zo s 
armiger 

Peatinari a 
hyperbo r ea 

Peatinaria sp. 

Sabe Z Za 
17l iarophthaZma 

Prct u kl 
tubuZaria 

li ttorina 
lit to·rea 

EupZeu ra 
aaudata 

Busy aon 
oarioa 

Retusa 
obtusa 

Py rami de l la 
fusaa 

Odostomia 
tr1;fida 

S~ecies Found Principally in Raritan Bay 

Station Nos. & Densities 

145(P) 

235 (P) 

6 (3), 213 (P) 

47(P), 6l(P), 63(P), 69(P), lH (P ), 240(P) 

152 (5), 154 (5), 155 (10), 157 (5), 212 (3), 213 (15), 237 (3) 

27 (3) 

26 (3), 40 (10), 46 (3 ), 65 (3), 1 0 6 (3), lll (3), 235 ( 3) 

117 ( 8), 237 (18), 242 (5), 246 (P), 254 (3), 257 (5), 259 (10 ) , 
261 (15), 264 (5), 266 (5) 

53 (5) 1 138 (10) f 1 52 (5) 1 155 (30 ) r 316 (20) I 318 (5) 

25 (P), 26 (P), 3 4 (P) , 48 (P), 49 (P) , 50 (P), 58 (P ) I 6 3 (P), 
10 4 (P), 105 (P) I 1 06 (P), llO (P ) , 137 (P), 138 (P ) I 14 0 (P), 
146 (P), 150 (P), 154 (P), 162 (P), 1 6 4 (P) I 225 (P ) , 236 (P), 
264 (P), 308 (5) 

137 (P) 

. 28(P) 

ll5 (5), 137 (P), 139 (5), 155 (5), 164 (P), 235 (P ), 239 (5) 

164(F) 

148 (10) I 152 (5) f 212 (3) f 216 (15) f 316 ( 40) 

235(40), 308(20) 

222 (P), 265 (P) 

lfi2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 4 - continued 

Species 

Odostomia sp. 

Do ride l la 
obscura 

Modi olus 
demissus 

Crass ostrea 
virginica 

Petricola 
pholadiformis 

Balanus eburneus 

Steno.thoe 
cypris 

Stenothoe sp. 

Carinogammarus 
mucronatus 

Carcinus 
maenas 

Eu:t'ypano peus 
depressus 

Hexa pano peus 
angustifrons 

Rh 1~ thropanopeus 
harrissi 

Bu gula sp. 

Amat hi a 
vidovici 

Station Nos. & Densities 

265(5) 

27(6), lOl(P), 136(P), 139(5), 140(8), 150(P ) , 162(P), 164(P), 
173 (P), 217 (P) I 222 (P) I 243 (P) 

64 (P) I 151 (P) 

152 (P) I 155 (P) I 168 (P) I 170 (P) I 221 (P) I 255 (P) 

103 (P), 116 (P), 117 (P) I 136 (P), 237 (P) 

53 (P), 62 (P), 63 (P), 64 (P), 105 (P), 146 (P), 150 (5) , 152 (P), 
1-04 (P) I 222 (P), 226 (P) I 227 (P) . 

139 (P), 146 (P), 236 (P), 240 (P), 243 (P) 

147(P) 

47 (P), 49 {P), 53 (3 ), 57 (3), 61 (P) , 65 (P), 101 (P), 102 (3) 
103 (P), 117 (P), 132 (P), 136 (8), 137 (P), 139 (P), 140 (3), 
146 (P), 150 (P) ' 151 (P), 153 (P) I 154 (P)' 165 (P) ' 2 43 (P)' 
253(P) 

27 (3) 

3l(P) 

lll(P), 118(3), 262(P), 263(P) 

263(P) 

32(P), 33(P), 46(P}, 49(P), 64(P), 66(P), 68(P), 69(P), 
106 (P)' 111 (P)' 113 (P), 116 (P) I 142 (P) I 217 (P) I 233 (P) 

26 (P), 27 (P), 42 (P) 

Species Common to Raritan and Lower Bays 

Clion a sp. 

Hydractinia 
echinata 

25 (P) I 32 (P) , 101 (P)' 118 (P), 136 (3)' 137 (P), 162 (P)' 170 (P)' 
174 {P), 179 (P ) , 217 (P)' 236 (P) ' 240 (3) I 263 (P) , 266 (Pl 

102 (P) I 2 5 2 (P) 

16 3 



Appendix ':'able 4 - continued 

Species 

1'ub uZaria sp. 

Metri di um 
senile 

Harmotho e 
extenuata 

Harmothoe 
imbricata 

Pa:::>ar:ai tis 
s peci osa 

Exogone 
di spar 

Auto Zyt us 
corn u t us 

:Jgphtys 
i rzcis a 

Spio 
fi Zicor'rzis 

Spiochaetop ter'u s 
ocuZa tus 

Tharyx sp. 

Phe r usa 
affirzis 

Capitellid A 

Ca p i tellid B 

Sabe Zlar1:a 
vuZga ris 

Station Nos. & Densities 

26 ( 3l, 102 (3l, 1 0 8 (Pj, 109 (!') , 110 (P), 113 (P), 118 (P), 
136 (P), 137 (P), 139 (p)-, 146 (P) , 147 (P), 152 (P ) , 162 (P), 
165(P), 17l(P), 179(P), 211 (3), 213(P), 233(P ) , 239 (P), 
242 (P), 2 43 (3), 255 (Pl I 263 (Pl , 266 (Pl, 267 (P), 308 (Pl, 
309(P) 

28 (Pl, 167 (Pl, 261 (Pl, 265 (P), 266 (P) 

25 (Pl, 3:J (Pl' 31 (Pl, 33 (P), 35 (P) , 106 (P), 113 ( 3), 136 (3) I 

139(Pl, 168 (P) , 169 (Pl, 170(P ) , 171(113), 172(Pl, 175(P ), 
176 (Pl, 218 (Pl, 230 (Pl I 232 (Pl I 234 (P), 235 (P l , 236 (P ), 
237(P), 2il.0(P), 24l (P), 250(8 ) , 251(5), 252(3 l , 254 ( 3l, 
255 (P), 264 {Ii') . 266 (Pl 

169(Pl, 171(10l, 176(P), 213( P) , 232(·P), 2'35(P)., 237(P ) , 
250 (3l, 255 (P) . . 

115(P), 135(P ), 165(P), 168 (P ) , 170(Pl, 238(5 l, 250(P), 
252 ( 3) 

137 (Pl, 138 (Pl, 173 (Pl, 253 (P ) 

33(P), 136(10), 138(40l, lli8(Pl, 171(3), 236(P), 252(5l , 
254(3) 

26 (3) I 29 (7l I 34 ( 5) f 43 (20) f 45 ( 2) r 58 (5 l f 107 ( 3l f 109 (8 ) f 

110(5), 111(3), 112(5l, 113 (3) , 138(5) , 159 (5l, 177 (10l, 
220 (3l, 232 (5 l , 233 (3), 265 (lOl , 319 (15l 

312 (5l, 318 (5) 

47(3), 49 (P), 6 1 ( 3), 255 (5) 

29 (4), 33 (Pl, 4 0 (5), 45 (3), 46 13l , 53 (5), 61 (P ) , 105 (3) I 

149(P), 150(5), 151(5), 152(30 ) , 154(5), 155 (80l , 165(5 l, 
166(3l, 171( 3l , 239(5), 250 ( 3 l , 255(5), 257(3), 263(5) 

41(5l, 171(3), 176(3) 

29 (4l I 115 (3l, 117 (3) , 135 (5l, 137 (Pl I 139 ( 5) , 162 (Pl, 
166 (2Q8 l r 170 (P ) r 171(5 ) 1 174 ( 10l r 175 (25l / 177 (Pl / 213 (J?l / 
217 (5l, 218 {P) I 219 (5l, 235 (3l, 237 (8l, 238 (lO l , 242 (5l, 
243 (3l, 250 (3l I 252 (5l, 263 (5) , 264 (P), 32 1 (5 l 

166(18), 217 (P ) , 240(8), 250(5 ) 

33(10), 34(15), 56(Pl , 58( P) , 101(3), 10 3(Pl , 106(P), 
115 (Pl, 116 (5), 136 (5l, 139 (B l, 1 40 (5), 151 (P) , 155 U' l I 

1 6 8(Pl, 170(P) , 17l(P), 172(5), 173(8), 174(5) , 222{P), 
236 (P), 243 (5), 244 (10 ), 250 (8) I 251 (90), 2 53 (P) , 318 (5)' 
320(125), 321( 30l 
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Appendix Table 4 - continued 

Species 

Asabe llides 
ocuZata 

Polycil'rus 
eximius 

CrepiduZa 
pZana 

Luna ti a 
here s 

Ur•o sa Zpi nx 
ci.n e !"ea 

Bue ycon 
canaZicuZatum 

Retus a 
can a l i culata 

.'iucu Za 
pro x i ma 

My ti Zus 
edulis 

Gemma 
ge mma 

Ma coma 
balth i ca 

Edotea 
tl'iloba 

Corophium sp . 

Crangon. 
septems pinosus 

Station Nos. & Densities 

102(3), 104(3), 108(3), 157(P), 166(225), 171(5), 175(5), 
176(15), 178(5), 224(3), 250(3), 264(5) 

27 (48) I 33 (P), 34 (15), 35 (5) I 101 (P) I 116 (P) I 136 (P), 
137(P), 138(P), 139(8), 173(5), 174(P), 179(5), 210(3), 

45 (P) I 46 (P), 57 (P), 136 (P), 141 (3) I 155 (P) I 162 (5), 
166(P), 167(P), 168(P), 169(P), 170(P), 171(3), 173(5), 
174(P), 176(P), 240(P), 244(P), 250(P), 318(5), 320(10), 

1 (P) I 28 (P) I 42 (P), 56 (P), 113 (P) I 166 (3) I 167 (P), 176 (3) I 

235 (P) I 252 (3), 254 (3), 318 (5) 

25 (P), 26 (P) I 31 (P), 45 (2), 46 (P) I 109 (P) I 113 (P), 114 (P) I 

116 (3), 117 (P), 118 (P) I 136 (18), 137 (P) I 139 (3) I 140 (5), 
162(P), 167(P), 168(P), 169(P), 174(10), 175(P), 176(3); 
230 (P), 234 (3), 235 (P), 240 (3) I 251 (P) I 255 (P), 320 (5) 

31 (P), 114 (P) I 164 (P) I 177 (P), 233 (P) 

178 (5) I 179 (3) I 234 (80) I 235 (80) I 237 (73) I 249 (5) I 252 (3) I 

258 (5) I 265 (5 ) I 267 (3) I 318 (15) 

55(3), 250(3) 

l(P), 2(P), 6(P), 25(P), 28(3), 30(P), 37(P), 43(P), 113(25), 
155 (P), 166 (3) I 167 (P) I 168 (P) I 169 (P) I 170 (P), 171 (2960+), 
172(P), 176(P), 221(3), 236(P), 239(P), 242(P), 250(8 ) , 
251(5)1 252 (5) / 253 (5), 254 (3) / 255 (P) / 310 (5) / 318 (70) / 
320 (4090) I 321 (670) I 322 (620) 

27(P) / 101(1308) / 103(240) / 117(P) / 179(15) / 210(63,520) / 
212(140) I 253(62,000) 

6(6), 7(57), 38(15), 49(3), 51(3), 63(3), 65(5), 69(3), 
105 ( 48), 144(5), 151(5), 156(5), 216(10), 217(3), 221(3), 
226(3), 308(25), 309(5), 310(20), 311(15), 314(15), 
315 (125) I 316 (85) I 317 (5) I 322 (10) 

37 (5), 101 (P) I 104 (Pl I 106 (P)' 139 (P) I 140 (P) I 151 (P) I 

15 3 (5) I 154 (P), 155 (P) I 165 (P), 166 (P) I 168 (P) I 243 ( 3), 
261(5) / 262(P ) / 308 ( 165) 

33 (P) I 57 (P) I 115 (P) I 116 ( 3) I 118 (P ), 154 (P) I 174 (P) I 

236(P), 321( 2 30), 322(5) 

37(5), 46 (P), 4 7( 3), 48 (P), 55 ( 3), 65(P), 69 ( 5), 104(3), 
111(3), 115(P), 118(3), 133(5), 136(3), 142(5), 145(P ) , 
152 (10) / 157 (10) / 167 (P) / 169 (P), 179 (5) / 211(3)1 234 ( 5) / 
250(3), 251(5), 308 (35), 309(5), 314 (20), 316(20), 319(5), 
320 (10) 

165 



Appendix Table 4 - continued 

Species 

Pa no peu s 
he r>bst i 

Bower>bankia 
gr aciZis 

EuZaZia 
viridi s 

Phy Z Zodoce 
gr oe nZ andica 

Ner> eis 
ar en aceo den ta ta 

Ne ph tys 
pie t a 

Diopa tra 
cup r e a 

Lumbriner>i s 
tenui s 

Spiophane s 
bo mby x 

Dodeca c eria 
cor>aZii 

Hydroides 
di an t hus 

Polin i ces 
duplicatus 

Uit r> eZla 
Zunata 

Ada Za r ia 
p r> ox ima 

Yoldi a 
limatu l a 

Station Nos. & Densities 

25(P), 27(!:'), 28(P), 29(P), 34(P), 40(P), 41(5), 42(P), 
43 (P) I 63 (P), 102 (P), 103 (P), 108 (P) I 111 (P) I 113 (3l I ll5 (Pl I 

ll6 (Pl I 117 (Pl I 135 (Pl I 136 (Pl I 137 (P), 164 (P), 213 (P l I 

217 (P), 231 (P), 237 (P), 238 (P) I 241 (5), 243 (P) I 263 (5) I 

264 (P), 320 (45) I 321 (25) 

26 (P), 27 (P) I 28 (P) I 32 (5) I 35 (5) I 43 (P), 115 (P), 136 (3l, 
137 (P), 138 (5l I 140 (3l I 147 (P), 166 (P), 168 (P), 171 (P) I 

172(5l, 173(3l, 174(P), 175(P), 176(P), 179(3), 226(Pl, 
240 (3), 251 (5), 253 (P), 254 (P), 255 (5), 263 (Pl I 318 (5l, 
320 (P), 321 (P) 

Species Found Principally in Lower Bay 

172 (P) , 

171(5), 172(Pl 

27(3l, 171(23l, 172(Pl I 173(P), 253(10) 

166 (25) I 171 ( 3 ) I 176 (3) I 210 (3?) I 250 (10) 1 252 (8) I 319 (5?) I 

321 (5? ) , 322 (5 ? ) 

252(3), 25 4( 3) 

33 (5 ) , 115(13), ll7(10), 118(3), 166(5), 173(5), 174(50), 
175(15), 176(3 ) , 177(5), 235(120), 237(33), 250(3), 253(5), 
254(18), 255(10, 316(130), 318(115), 321(20) 

166 (15) 

170 (P) 

33(5), ll6 (5), 170(P), 173( ) 

30(Pl, 43(P), 172(5), 177(10), 178(10l, 236(P), 249(3), 
251(5l, 255(5), 308(5), 316 (5), 321(5l 

171(158l 

171(45), 25l(P) 

230 (5) I 231 (3) I 234 (3) I 249 (5l 
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Appendix Table 4 - continued 

Species 

Ano mi a 
simplex 

Tellina 
agilis 

Spisula 
solidissima 

Balanus 
c"l'enatus 

Haustoriu s sp. 

Paraphoxus 
spinosus 

Ste nothoe 
minuta 

Elasmopis 
laevis 

Hic"l'odeutopus 
gryllot alpa 

Jass a 
marmo"l'ata 

Pagu"l'us 
longica rpus 

Cancer> 
irroratus 

Libinia sp. 

Arbacia 
pun ctula ta 

Aste"l'ias 
forbesi 

Electra 
hastingsae 

Nembranipora 
tenuis 

Schizopoi'ella 
unicornis 

Station Nos. & Densities 

25l(P) 

166 (510) I 171 (205) I 172 (15) 1 175 (15) r 176 (18) I 179 (20) I 

234 (40) 1 250 (45) 1 252 (P) 1 254 (3) 

116(3), 166(820), 171(1373), 172(15), 173(5), 175(5), 
176 (3) 

169(P), 171(53), 172(P) 

171(5) 

253 (65) 

171 (3) 

33 (P) I 170 (P) I 175 (P) I 176 (5) I 235 (P) I 236 (P), 237 (P) I 

252 (P) I 254 (P) 

l68(P), 170(P), 171(10), 173(P), 174(5), 243(P), 318(5), 
320 (5) I 321 (30) 

171(20) 

251 (10), 255 (5) 

167(P), 171(18), 173(3) 

167 (P) I 174 (5) I 178 (P) I 249 (P) I 250 (P) I 253 (P) 

171 (P) 

167 (P) I 168 (P), 169 (P) I 171 (3) I 225 (P) I 251 (P) I 322 (P) 

176 (3) 

172(P) 

33(P), 116(3), 169(P), 170(P)~ 175(P), l76(P), 236(P), 
250 (P) I 254 (P), 255 (P) I 321 (P) 

167 



Appendix Table 4 - continued 

Species Station No s. & Densities 

Cr>yp t osula 155 (P) I 168 (P) I 169 (P) I 172 (P ) I 173 ( 3) I 174 (P ) I 

pal lasiana 176 (P) I 250 ( 3) I 251 (P) I 255 (P) I 318 (5) I 320 (P ), 

A lcyon1'.di um 109 ( 3) I 116 (P) I 117 (P), 169 (P ) I 1 71 (3) I 172 (P) I 

polyoum 174 (P) I 250 (P), 251 (P), 253 (P ) I 25 5 (P), 265(P ) 

1 6 8 

175 (P) I 

32l(P) 

173 (P), 

I 
I 
I 
I 
I 
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Appendix Table 5 • Humber of species found in quantitative samples at selected stations which were sampled in Raritan 
Bay and Lower Bay for three or four consecutive summers, 1957 to 1960. (From Dean, 1975). 

Raritan Bay Lower Bay 

Head Halfway Lower 

.c: Station Number 55 133 261 309 34 137 241 315 32 115 235 316 .µ 
H 
0 

t-' 
-, Number Species 7 2 7 5 11 9 7 8 8 15 15 19 

"' <O 

>, 

'° Station ilumber 6 149 228 310 69 160 220 312 41 165 264 314 30 111 231 317 175 255 318 176 250 321 i:Q 
I 

'O 
·.-i Number Species 5 4 4 9 10 6 7 10 16 12 9 11 6 9 3 8 13 22 26 22 28 24 
~ 

.c: Station !lumber 64 151 226 311 39 104 215 313 27 101 210 308 178 249 322 .µ 
::i 
0 
Ul Number Species 5 13 4 14 12 7 7 8 r2 9 10 18 8 9 12 



-

I-' 
"-' 
0 

- -

Appendix Table 6 . Benthic invertebrate data from Shipek grabs collected by \\loodward-Clyde on the East 
Bank in June, 1975. Data was obtained from their Table C-1 and has been modified to express abundance/m 2 

{Shipek area= 0.04 m2
). Notes: Table C-1 data were sum totals of 3 grabs {= 0.12 m2

); not all species 
reported in Table 4 of this report were obtained in Shipek gra~s; 2 species {Pisione remota and Micro
nephtys minuta) reported in Table C-1 were not included because of uncertainty of taxonomic status. 

Station No. 

Taxa 

Rhynchocoela spp. 

Nematoda spp. 

Oligochaeta spp. 

Eumida sanguinea 

Paranaitis speciosa 

HaMnothoe extenuata 

Glycera capitata 

Goniadella gracilis 

Nephtys picta 

Nephtys sp. 

Autolytus cornutus 

Capitella capitata 

Polydora ligni 

Scololepia squamata 

Spio fi licornis 

Spiophanes bombyx 

Magelona sp. 

Thar>yx acutus 

Pher>usa af finis 

Asabellides ocuZata 

Ampharetidae 

Cirratulidae 

Glyceridae 

- - - -

l 

8.3 

8.3 

50.0 

8.3 

166.6 

91. 7 

8.3 

16.6 

8.3 

8. 3 

-

Number of organisms/m2 

2 

25.0 

8.3 

8.3 

8. 3 

8.3 

25.0 

25.0 

-

3 

58.3 

16.7 

8.3 

16.7 

8. 3 

50.0 

- -

4 

8.3 

8.3 

75.0 

16.7 

16. 7 

.. 

5 

1,366.7 

141,7 

8.3 

425.0 

8.3 

8.3 

8.3 

-

6 

783.3 

50.0 

25.0 

650.0 

50.0 

125.0 

25.0 

-' -

7 

8. 3 

558.3 

83.3 

8. 3 

33.3 

8.3 

33.3 

8. 3 

25.0 

8.3 

600.0 

250.0 

8.3 

333.3 

16.7 

50.0 

25.0 

1,016.7 

.. 

8 

658.3 

50.0 

8. 3 

- .. -
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Appendix Table ·6 - continued 

ilumber of organisms/m 2 

Station Ho. 1 2 3 4 5 6 7 8 

Tax a 

Goniadidae 8. 3 8.3 41. 7 

Magelonidae 50.0 

Phyllodocidae 8. 3 8.3 

Polynoidae 8. 3 25.0 

Spionidae 66.7 25.0 16.7 216.7 25.0 

Uni den ti. Polychaeta 25.0 41. 7 16.7 75.0 16.7 25.0 50.0 8. 3 

Leptocuma minor 25.0 8. 3 

Leplochelia filum 33.3 58.3 8. 3 

Cyathura po"lita 16.7 
f--' 
-.I 
f--' 

Unciola serra·ta 216.7 

Unciola irrorata 8. 3 150.0 

Unaiola sp. 8.3 25.0 8.3 

I::Zasmopus Zaevis 8.3 8.3 

Gammarus an nu la ·tus 16.7 16.7 8.3 lG.7 33.3 58.3 16. 7 

Bathyporeia quoddyensis 8. 3 8.3 8.3 

l't'o tohaus tori us de i <~h mann ae 8.3 116. 6 33.3 

Parah a us to Piu s longimerus 33.3 8.3 16.7 

Acanthohaustori us mil ls i 50.0 8. 3 16.7 

Listl'iella sp. 50.0 

Paraphoxus spinosus 8.3 8.3 783.3 

Trichophoxus epi stomus 8. 3 

Haustoridae 8.3 8.3 

Paguf'us sp. 25.0 

Libinia emarginata 16.7 8. 3 

Ovalipes oaelZa tu s 8.3 41. 7 666.7 183.3 



Appendix Table 6 - continued 

Number of organisms/m2 

Station No. l 2 3 4 5 6 7 8 
- · 

Ta xa 

Lunatia heros 25.0 

Nu aula proxima 50.0 

Mytil us edulis 25.0 41. 7 8. 3 316.7 5,550.0 110,708.3 58.3 25.0 

Spisula soZidissima 91. 7 166.7 16.7 33.3 25.0 66.7 308.3 

Tellina ag-ilis 108.3 16.7 8.3 50.0 50.0 

# species/grab (1) 10 16 8 7 7 6 25 4 

(2) 10 5 9 7 5 5 24 10 

( 3) 14 9 10 8 14 11 23 5 
I-' 

I organisms/m 2 /grab (1) --.] 5/5 825 275 200 17 ,·450 165,100 3,350 2,125 
tv 

(2) 400 250 625 350 1,100 60,150 5,700 1,075 

( 3) 1,400 550 525 1,475 4,675 114,525 5,950 275 

Av. #/m2 791. 3 541. 5 474.8 674.8 7,741.6 113,258.3 4,999.6 1,158.2 

Total # species 20 20 19 16 16 14 33 13 

- - - - - - - - - - - - - - - - - - -



- - - - - - - - - - - - - - - - .. - -
Appendix Table 7 . Benthic grab collection records from Steimle and Stone (1973) Tra~3ect A stations 
in 1966-1967. Each number of organisms found in a Petersen grab was multiplied by 16.0256 to convert 
to a /m 2 basis. Note: December cruise cancelled. 

Station Al Month 

Species F M A M J J A s 0 N J 

Mytilus edulis 16 4,423 3,926 15,897 92,869 30,144 2,580 16 N 

Harmothoe extenuata 80 497 0 

Cancel' irl'oratus 577 

I'rotohaustol'ius deichmannae 224 s 

Nereis succinea 16 160 A 

Trichophoxus epistomus 128 M 

Harmothoe imbricata 64 64 p 

,__. Nereis pelagica 96 L 
-.J 
w TeZZina agilis 64 16 

E 

Neopanope texana 64 16 

Lepidodonatus squamata 64 
c 

Phyllodoce mucosa 48 
0 

Parahaustorius holmesi 32 
L 

Spio setosa 32 
L 

Unciola irrol'ata 16 
E 

Metridium senile 16 
c 

Scolelepsis squamata 
·r 

16 

Autolytus cor>nutus 16 
E 

Ischyrocer•os anquipes 16 
D 

Total 497 0 4,455 3,926 16,010 94,199 30 I 49 7 2,596 0 16 x 

Average # of organisms/m 2 15,200 Total # taxa 19 



Appendix Table 7 - continued 

Station A2 Month 

Species F M A M J J A s 0 N J 

My ti Zus edulis 16 176 5,609 60,481 36,362 11,090 609 

Caneer irroratus 353 256 48 16 

Harmothoe extenuata 32 128 208 48 

Protohaustorius deiehmannae 160 

Nereis sueeinea 64 64 

Elasmopus laevis 96 

Par<Jhaus tori us attenuatus 64 

Jassa faleata 16 16 

Uni dent. nermertean 16 16 

t-' Heteromysis formosa 16 
-.J .... Lunat-ia heros 16 

TeZZina agilis 16 

Pherusa affinis 16 

Chiridotea tuftsi 16 

Lumbrineris sp. 16 

Nephtys bueer•a 16 

Parahaustorius holmesi 16 

Aeanthohaustorius millsi 16 

Polyeirrus phosphoreus 16 

Eumida sanguinea 16 

Cirratulus grandis 16 

Total 16 16 16 449 5,657 61,010 36 I 9 39 11,282 - 737 16 

Average # of organisms/m2 10,500 Total # tax a 21 

- - - - - - - - - - - .. - - - - .. - -
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Appendix Table 7 - continued 

Station A 3 Month 
--

Species F M A M J J A s 0 N J 

Protohaustorium deichmannae 16 32 96 80 192 240 32 32 

My ti Zus edulis 321 16 32 112 

Sp isula solidissima 32 48 385 

2'e Z Zina agi Zis 112 32 160 32 

Ac an thohaustorius millsi 64 16 80 

Crepidula plana 144 

Lunatia h e r os 16 16 32 

Neph tys picta 32 16 

Leptocuma minor 32 

E'lasmop us Zaevis 32 
I-' 
-J Sp1:0 setosa 16 16 "' 

Lumbrineris f ragilis 16 

Pagurus pollicaris 16 

Uni dent. nemertean 16 

Tharyx acutus 16 

Ovalipes ocellatus l6 

Chiridotea tu f tsi 16 

Lyonsia hya lina 16 

Si galion areneco la 16 

Cancer irroratus 16 

Spiophanes bombyx 16 

Pa rah austori us attenuatus 16 

Parahaustorius holme s i 16 

Harmothoe extenuata 16 

Hemi podus sp. 16 
-

To tal 353 32 176 529 288 369 689 112 176 16 0 

Average # oJ organisms/m2 249 Total # taxa 25 



Appendix Table 7 - continued 

Station A4 Month 
--

Species F M A M J J A s 0 N J 

Mytilus edul-is 240 16 16 240 

Spio setosa 320 64 

PPotohaustorius deichmannae 128 80 80 32 

EchinaPachnius paPma 320 

AcanthohaustoPius millsi 48 16 176 

PaPahaustoPius ZongimePus 128 96 

Tellina agilis 96 16 80 

UncioZa irroPata 176 

Spisula solidissima l6 48 32 

Jassa falcata 96 

f--' Lunatia hePos 
-..J 

48 16 
m PaPahaustoPius holmesi 32 32 

Crangon septemspinosa 32 16 

ChiPidotea tuftsi 32 

Parahaustorius attenuatus 32 

Ophelia bicornis 32 

Glycera dibPanchiata 16 

Lumbrineris fPagilis 16 

Sthenelais limicola 16 

Nereis succinea 16 

Cancer irroI'atus 16 

Lep-cocuma minop 16 

Ncpthys picta 16 

HaI'mothoe extenuatus 16 

Lumbrineris tenwis 16 

Total 32 593 577 96 304 625 4 33 48 256 16 (I 

Average # of organisms/m 2 271 Total # taxa 25 

- - -



Appendix Table 7 - continued 

Station A5 Month 

Species F M A M J J A s 0 N J 

My ti lus edulis 1,042 61,731 30,352 8,189 304 2,900 

Harmothoe extenuata 1,955 769 48 

Cancer irroratus 577 304 144 16 

Ne re is succinea 609 192 48 

flarmothoe imbricata 785 32 

Lepidonotus squamata 272 160 

Po lydora li gni 337 

Neopanope t exana 128 64 16 

Ja:38a fal ca ta 192 

..... Me tridium senile 176 _, _, 
Crepidula fornicata 144 

Elasmopus laevis 16 16 96 

Spisula sol idis sima 16 80 

Par>ahaus toi•i us holm.esi 64 

Prootohaustorius deichmannae 32 32 

Acanthohaustorius spinosus 64 

Parahaustorius long ·imeris 48 

Acan thohaustoriuo mi llsi 48 

Lunatia hei'OB 16 16 

Crangon septemspinosa 16 16 

UncioZa irrorata 32 

Eumida sanguinea 32 

Unident. nemertean 16 

CirratuZus imbr,icata 16 

Ovalipes ocellatus 16 



Appen<lix Table 7 - continued 

Station AS - continued Month 

Species F M A M J J A s 0 N J 
--

I,umbrineris fragilis 16 

As te:o -ia s f oi-·besi 16 

Mi tl"e 7-la lunata 16 

TeZlina agilis 16 

Thai-•yx aeutus 16 

Polydora sp. 16 

Unident. oligochaete 16 

Cirratulus sp. 16 

Glycera dibranchiata 16 
t--' Nereis grayi 16 __, 
00 ---

Total 0 16 0 288 1,074 67,162 31,971 8,510 32 321 2,965 

Average # of organisms/m 2 lQ_,_~00 ;: Total II tax a 35 

'\\ 
' 

y 



- - - - - - - - - - - - - - - - - - -
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Appendix Table 7 - continued 

Station A6 Month 

Species p· M A M J J A s 0 N J 

Crangon septemspinosa 176 

Tellina agilis 32 144 ./ -
Acanthohaustorius millsi 112 16 

Para haus t orius holmesi 64 ./ 48 

Protohaustorius deichmannae 32 48 16 

Cancer irroratus 64 16 

Nephtys pie ta 16 64 

Dias ty lis polita 48 

Asabellides oculata 48 

Parahau storius longimerus 48 
f-' My ti lus edul is 16 16 -..J 

"' [,eptocuma minor 16 

Neomysis americana 16 

Unident. nemertean 16 

£umbrineris fragilis 16 

Ophelia bicornis 16 

Sig alio~ arenecola 16 

Spi sula solidissima 16 

Hemipodus sp. 16 

As te l"'ias for·besi 16 

Scoloplo s sp. 16 

Total 16 64 96 0 192 577 BO 0 48 32 80 

Average # of organisms/m 2 108 Total # taxa 21 

Notes: Petersen grab samples 0.0625 m2
; l nun mesh screen was smallest used. Samples at each 

station are from single grabs. 



I 
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Appendix Table 8. Station data reported by Wilk et al. (1977) but grouped by 
areas shown in Figure 29. Stations with * were surveyed by a #36 trawl ( 24. 4 m 

I fo o trope) ; all other stations sampled by net with 9.1 m footr(_,pe; - indicated 
weight < 0. 5 kg. 

-----
Date Depth # Total Total wt . 

Area Station # Sampled (m) Species # (kg) I A 13 06-vi -74 5 0 0 0 
Lower Bay 

72 25-uii -74 6 1 1 

127 21-viii-74 4 0 0 0 I 188 24-ix -74 5 4 985 6. 4 

255 24-x -74 4 6 12 1. 4 

307 19-xi -· 7 4 5 6 15 1.4 I 362 03-i -75 5 6 28 0. 9 

500 07-iv -79 ·5 5 57. 1:4 

556 06-v -79 4 11 72 2. 3 I 636 09-vi -79 4 5 50 0.9 

B 14 06-vi -74 12 5 22 3. 6 I Lower Bay 
71 25-vii -74 11 7 10 2.7 East Bank 

123 14-viii-74 6 6 16 7. 7 

187 24-ix -74 6 9 306 6. 8 I 254 24-x -74 3 2 13 4. 5 

306 19-xi -74 7 10 232 3. 6 

361 0 3-i -75 5 9 36 0. 9 I 379 03-ii -75 6 6 28 0.5 

380 03-ii -75· 5 0 0 0 

499 07- i v -75 9 2 2 I 555 06-v - 7 5 5 8 25 0.9 

c 305 19-xi -74 5 3 5 0.5 I Lower Bay 
360 03-i -75 7 4 26 0. 9 East Bank 
378 03-ii -75 6 1 2 

498 07-iv -75 3. 1 1 I 554 06-v -75 4 7 56 2.7 

D 6 04-vi -74 6 1 1 I Raritan Bay 75 25-vii -74 6 1 7 

130 21- v iii-74 6 2 18 0.5 

I 
I 
I 

180 

I 
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Appendix Table 8 - continued 

Date Depth fl Total Total wt. 

I 
Area Station ti Sampled (m) Species fl (kg) 

D 189 24-ix -74 6 8 1,441 9.5 
Raritan Bay 249 23-x -74 6 5 81 2. 7 

I 
(continued) 

312 20-xi -74 5 9 65 3 . . 6 

385 04-ii -75 6 3 18 0.5 

495 02-iv -75 5 2 2 0.5 

I 552 05-v -75 4 2 5 0.5 

633 03-vi -75 5 5 21 0.5 

I E 7 04-vi -74 6 2 2 1. 4 
Lower Bay 74 25-vii -74 7 2 2 
Old Orchard 
Shoal 128 21-viii-74 3 2 71 0.5 

I 129 21-viii-74 6 0 0 0 

184 23-ix -74 8 8 610 3. 6 

196* 23-ix -74 7 9 30,371 57.6 

I 240 22-x -74 6 7 289 0.5 

256* 22-x -74 8 18 2,392 32.2 

308 19-xi -74 6 8 37 2.7 

I 363 03-i -75 7 3 20 

381 03-ii -75 7 3 22 1. 8 

493 02-iv -75 6 3 49 2.3 

I 551 05-v -75 7 2 13 1. 4 

F 12 06-vi -74 6 1 1 

I 
Lower Bay 73 25-vii - 7 4 6 2 3 
Romer Shoal 

122 14-viii-74 5 3 5 2. 3 

253 24-x -74 5 2 11 

I 304 19-xi -74 5 3 23 2.3 

359 03-i -75 7 6 27 1.8 

377 0 3-ii -75 5 2 17 0.5 

I 491 01-iv -75 5 2 5 1. 8 

635 09-vi -75 5 4 16 0. 5 

I 
I 
I 
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Appendix Table 8 - continued 

Date Depth # Total Total wt. I 
Area Station # Sampled (m) Species # (kg) 

G 183 23-ix -74 9 5 39 I Lower Bay 239 22-x -74 9 5 4,714 2.7 

256* 22-x -74 7 12 5,339 22.2 

258* 22-x -74 5 15 15,499 32.7 I JQl 18-xi -74 8 9 71 1. 8 

320* 18-xi -74 8 18 945 53.5 

373 31-i -75 9 6 92 1.4 I 387* 31-i -75 8 12 416 9.1 

388.* 31-i -75 8 10 1,372 17.7 

H 68 24-vii -74 10 9 26 11. 3 I· 
Lower Bay 79* 24-vii -74 9 9 876 29.0 

134 22-viii-74 9 5 5 3.6 I 238 22-x -74 9 11 543 2.7 

300 18-xi -74 9 13 102 2. 3 

368 06-i -75 9 3 26 0.5 I 374 31-i -75 8 6 524 12.2 

494 02-iv -74 6 4 11 0.5 

550 05-v -75 8 5 14 1. 8 I 566* 05-v -75 9 11 211 17.7 

567* 05-v -75 8 13 456 76.2 

I 2 03-vi -74 7 3 48 1. 8 I 
Sandy Hook 3 03-vi -74 7 3 9 0.5 
Bay 

17* 03-vi -74 7 18 2,859 106.6 I 18* 03-vi -74 8 8 2' 250 22.7 

182 23-ix -74 8 6 200 2.7 

194* 23-ix -74 7 8 1,865 11. 8 

I 195* 23-ix -74 8 12 545 17.2 

237 22-x -74 8 12 357 4.1 

299 18-xi -74 8 11 134 5.4 

I 319* 18-xi -74 8 14 590 23.6 

372 31-i -75 9 3 35 0. 5 

386* 31- -75 10 10 1,815 24.0 

I 
I 
I 
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Appendix Table 8 - continued 

I 
Date Depth # Total Total wt. 

Area Station # Sampled (ml Species # (kg ) 

I I 549 05-v - 75 7 4 8 1. 4 
Sandy Hook 565* 05-v -7 5 8 11 181 18.1 
Ba y 

I 
(continued) 

J 1 03-vi -74 8 4 5 4.5 
Lower Bay 16* 03-vi -74 8 13 494 27.2 

I 65 24-vii - 74 9 3 16 8.2 

133 22- viii-74 8 2 2 0.9 

·2 41 22-x - 74 8 4 18 0. 5 

I 302 18-xi -74 7 9 45 0.5 

367 06-i -75 7 3 31 0.5 

382 03-ii -75 8 1 2 

I 489 01-iv -75 7 5 10 1. 4 

490 01-iv -75 5 2 4 0 . 5 

561 08-v -75 7 8 47 9. 5 

I K 11 06-vi -7 4 6 2 2 
Lower Bay 

66 24-vii - 74 8 4 13 22.7 

I 
Flynns 
Knoll 121 14-viii-74 5 0 0 0 

1 86 24-ix -7 4 5 8 89 3. 2 

251 24- J_< -74 5 4 83 0 .5 

I 303 19-xi - 74 5 7 16 4.5 

358 03-i - 75 7 5 35 2. 3 

376 03-ii -75 5 7 36 0.9 

I 553 06-v - 75 5 4 34 

634 09-vi -75 5 4 7 0.9 

I L 5 04-vi -7 4 5 0 0 0 
Raritan Bay 

131 21-viii- 74 6 3 16 1. 4 

190 24-ix -74 5 5 238 1. 4 

I 248 23- x - 74 4 2 39 0.9 

313 20- xi - 74 5 5 27 1. 4 

370 09-i -75 3 2 4 0 .5 

I 
I 
I 
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Appendix Table 8 - continued 

Date Depth Total Total wt. 
I 

Area Station # Sampled ( rn) Species # (kg) 

[, 383 04-ii -75 4 4 12 2.7 I Raritan Bay 497 02-iv -75 4 4 73 0.5 (continued) 
557 06-v -75 4 7 55 4.1 

I 632 03-vi -75 3 2 2 

M 247 23-x -74 4 3 25 0.9 
Raritan Bay 

314 20-xi -74 5 9 86 3.2 I 371 09-i -75 3 8 68 2.3 

384 04-ii -75 6 1 13 

496 02-iv -75 5 3 102 0.9 I 558 06-v -75 4 8 161 15.4 

631 03-vi -75 4 6 17 1. 4 

,V 4 03-vi -74 4 1 3 0.5 I 
Raritan Bay 

76 25-vii -74 4 2 2 3.6 

132 21-viii-74 4 1 4 8.6 I 191 24-ix -74 3 4 30 0. 9 

246 23-x -74 3 6 64 4. 5 

315 20-xi -74 4 7 45 1. 4 I 559 06-v -75 3 7 47 3. 2 

630 03-vi -75 3 5 37 1. 8 

0 I 
Sandy Hook 8 04-vi -74 5 1 2 
Bay 

62 23-vii -74 6 4 18 1. 4 I 67 24-vii -74 9 5 21 11. 3 

77* 24-vii -74 8 10 55 93.9 

135 22-vi ii-74 6 2 2 !) • 5 I 193 25-i x -74 6 8 74 8. 2 

245 23-x -74 5 3 485 0.5 

309 19-xi -74 5 11 54 0.9 I 369 06-i- -75 7 4 25 0.5 

629 03-vi -75 5 9 57 2. 3 

I 
I 
I 
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I Appendix Table 8 - continued 

I 
Date Depth # Total Total wt. 

Area Station # Sampled (m) Species # (kg) 

p 
Sandy Hook 70 24-vii - 74 7 7 46 14.5 

I 
Bay 126 15-viii-74 5 3 33 

242 23-x -74 6 13 141 15.0 

244 23-x -74 6 3 50 5.4 

I 310 19-xi -74 5 H 71 5.4 

318* 18-xi -74 8 18 533 33.l 

366 06-i -75 7 6 137 2.7 

I 375 03-ii -75 6 7 195 9.5 

488 01-iv -75 6 3 4 

560 06-v -75 5 9 58 10.4 

I 628 03-vi -75 7 10 116 3.2 

Q 

I 
Sandy Hook lG 04-vi -74 6 3 27 3. 2 
Bay 64 23-vii -74 7 2 3 1. 4 

136 23-viii-74 7 6 116 7. 3 

I 
311 19-xi -74 8 9 105 6. 4 

365 06-i -75 7 6 137 2. 7 

486* 01-iv -75 7 6 21 3.2 

I 
487* 01-iv -75 11 7 14 1. 8 

56 2 08-v -75 7 5 78 14.5 

I R 9 04-vi -74 5 7 22 2. 7 
Sandy Hook 63 9.1 Bay 23-vii -74 8 6 86 

I 
78* 24-vii -74 7 7 205 44.0 

125 15-viii-74 5 2 3 

185 23-ix -74 8 6 22 8. 2 

I 
192 25-ix -74 5 9 198 3. 6 

24 3 23-x -74 6 6 42 5.0 

316 20-xi -74 6 9 135 9. 5 

I 
56 3 08-v -75 5 4 127 17.7 

I 
I 

185 
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Appendix Table 8 (continued) 

I 
Date Depth # Total Total wt. 

Area Station # Sampled (m) Species # (kg) 

s 69 24-vii -74 7 4 11 5.0 I 
Sandy Hook 124 15-viii-74 6 4 39 0. 5 Bay 

250 24-x -74 5 5 21 0.9 

317 20-xi -74 6 5 46 5.9 I 
364 06-i -75 6 7 73 4.5 

492 02-iv -75 5 2 2 

564 08-v -75 5 a 85 7.3 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Appendix Table 9. List of fish species reported b y Wil k et al. (1977) in the 
Lower Bay Complex during 1974-75 survey. Data compiled by month and area found, 
including number of fish and weight in kg. An aster i sk ( *) indicates < 0.5 k g . 

Mustelus ca nis 

S qualus a c an t h ias 

Ra j a e rinacea 

Conger oceanic u s 

Alosa ae stivalis 

Alosa mediocris 

Aio s a 
p s e udoha ren gus 

A : osa s ap i d is sima 

1974 Jul (A: 
K: 

Aug (B : 
Nov tB : 

1974 Jun( I : 

1974 Jul( P : 

1974 Nov(I : 
1975 Apr( Q: 

Jun (M: 

.19 7 4 Jun (I : 
Oct(E: 
Nov( B: 

J : 
1975 Jan (A : 

H: 
Q: 

Feb( B : 
Apr( A : 

M: 
Ma y (A : 

I : 
Jun (D : 

1974 Jun(I: 

1974 Jun(I: 
Oct (D : 
No v (B : 

[, : 

19 7 5 Jan (A : 

0 : 
Feb (B : 
Apr (A : 

P: 
May(A: 

M: 

1974 ~Tun (I: 
Oct( E : 
Nov( A : 

-- . 
P : 

1975 Jan( B : 
ii : 
.'4 : 

Feb (B : 
May( A : 

L: 

2; 1. 4 B: 2;1. 4 B: 2; 0. 9, 5; 3. 6 J : 1 2 ;5.0 
5;3.6 0: 31;39.5 R: l; 1. 4) 
3; 2. 7) 
1;0.9 K: l; 1. 4) 

3; 14. 5 ) 

106;50 .8) Note : t hese totals > than stati on 
totals 

1; *) 
l; 0. 5 l 
l;* P: l; 0. 5 ) 

140;0.9, 1,032;6.8 J : 300;2.3) 
l;* G: 29;0.5) 
3;* E: l;* G: 5;*, 
l;* L: 9;* M: 3 ;* 
l;* B.: 2;* C: l;* 
26;*, 8;* I : 2;0.5 
41;0.5 S : 10;*) 

80;15.l H: 6;* I : 367;7.3 
N: 9;* 0: l;* P : 138;5.9) 
F : 19;0.9 G: 67 ; 0.5 
J : 22;0.5 K : l;* P : 26;0.5 

l;* D : 15;* E : 15;0.5 K: l;* P: 31;*) 
43;0 . 5 D : 2 ;* E : 31;0.9 H : 7 ; * L : 70;0.5 
97;0.9 P : 2;*) 
10;* 8 : 2;* C : 35;* D: 3;* H: 4 ;*, 9 ; 1.8 
9;1.8 J : l;* K: 3;* L : 2 ;* S : 10 ; *) 
2;* L : l;* N: l;* 0 : l;* P : l;*) 

2; 0. 5) 

328;42.6 J : 40;0.9) 
l;* E: 9; 0. 5 G : 8 j 05 I l;* H: 4;* N: 2; *) 

140;1.8 G : 2 . * ' , 4; * FI· 34; 0. 9 I : 24; 0. 9 
8 ; * M: 7; * N : 4; * 0 : l;* Q: 28; 1. 4 S : 1; *) 
1; * B : 6 ; * E: 3;* C : 18;0.5, 281;3 .2 , 
1,20 3;10.0 H: 1 2 ; *, 189;9.5 I : 2 3; 05 , 
1,634;15.9 J: 3 ; * K: 23;0.9 [, : 3 ; * ;1 ; 21; 0. 5 
9; * P : 19;0 . 5 Q : 20 ; 0. 5 S : 21; 0 . 5) 
20;* D: 1; * K: l;* [, ; 1; * M: 1 3; * P : 111;2.7) 
10;* 2 : 17 ; 0 .9 fl : 2; * J ; li* [, : 1 ; * :'1 : 4; * 
1; * ,., . 3 ; 0 • 9 I 2; 0. 5 ) " . 
10;* H: 22;1.4, 16;0.9 I : 15; 0 . 9 J : 2; * [, ; 3; * 
3; * N: l;* P : 2; * S: 6; * ) 

l·* ' , 6; 0. 5 J : 7; *) 
1; *) 
6;* B : 10 ; * D : 1; * C: 24; 0. 5, 70;1.8 
6·* ' ' 

23; * J : 1; * M: 2;* N: l;* 0 : 7; * 
3. * 

' ' 10;* R : 1; * ) 
5;* E : 1 5; * F' : 2; * G : 2·* 

' ' 117 ; 1.4, 3 3; 0. 5 
6·* 

' ' 56 ;0.9 I : 7·* 
' ' 4 8; 0.9 J : 6; * K: 5; * 

4 ; * 0 : 13 ; * P : 8 0; 0 . 9 R : 50;0 .5 S : 2 5; 0. 5 ) 
l;* P : 1 2; *) 

8; * 8 : 2; * c : l;* H: 2 . * 
' ' 1; 0 . 5 !( · 2;* 

l;* /4: 2; * A. : 6; * P : 1 . * S : 2 ; * ) 

1 8 7 



Appendix Table 9 - continued 

are voo r>t ia 
tyrannt~3 

Cl u pea harengus 
har engus 

.1nchoa he;:n,etus 

Anchoa mitchilli 

En,-:J !'"auZi 8 
~7.i :t- ys tc le 

1974 Jun (B : 2; 0 . 5 I : l;* l · * , , 36; 7. 3, 2;0.5 J : 4; 0. 5 
() : 2; * Q ; li* i: : 4; 0 . 5) 

Jul( S : l; * ) 
Oct (E: 15;0 .5 c : l;* I : 2. * r I 4; 0 . 9 5 : 1; * ) 
Nov(C: l;0.5, 2; * H: 6;0.3 I : l;* L : 3; 0. 5 M: l; * 

;"i : 3; * P : 11; 3. 2 Q: 2; 0. 5) 
1975 Jan ( '? : 2 i * lJ : l·* , , 2;* H: 246;1.4 I : 5; 0 • 5 I 27;0.5 

M: 1; * 0 : 2; * P : 7;* S : 1: *) 
Feb(E : 4;* E : 1; * J: 2; * P: 15; 0. 5) 
Apr(L: 1 ; *) 
May(A: ] '* . , B : l;* C: 2 ; * H: l;* I : 4; 0. 9) 
.Jur. ( D : 2; * [; : l;* M: 7; (J . 9 N : l; 1. 4 0 ; 4; 0. 9 

P: l;*i 

1974 Jun(E': l;* I: 4;0 .5, 70; 19.l! ) 
1975 Jan (A: 3:0 . 9 F : 3;0.9 'J : 2;0.5, 8:1.8 , 15;3 .6 

H: 2;0.5 K: 5;1.4 L : l;0.5 U: 1;0 .5 0 : l;O.S 
. ~· : . 3;0.9 Q: li0.5 S: 10;3. 2) 

Feb ( 3: l; * C: 2; * E:: 6; 1. 4 F: 1; 0. 5 K : 2; 0. 5 
Lo: 9;2.7 P: 24 ; 6 . 4) 

Apr (A : 2; 0 . 5 D : l ; * E : 1; 0 . 5 F : 3; 0 . 9 S : 1; * ) 
May(B: l ; * C: 5;0.9 ) 
Jun ( !1 : 1 ; *) 

1974 Aug( Q : l;*) 
19 7 5 May ( Ii : 2; *) 

1 9 74 Jun (B : l;* I: 2,080;9.l, 1,15 2 ; 6 . 8 J : 104;0 .5 
K. : l;* R : l;* ) 

Jul( D : 7;* E: l;* F : 2; * H: l;*, 840;3.2 
0 : l;*, 2;* R : 164;0 . 9) 

Aug(B: 2 ; * D: 17;* v' : l ;* [, : 13;* P: 31;* 
Q: 98;0 .5 R : 144;* 5 : 35;*) 

Sep(A : 980;6 .4 B: 192;1.4 D: 1 ,428;4 .l E: 67;J . 5, 
592; 2.3 C : 29; * I: 152;0.9, 1,768;7.7 

K: l;* ~ : 228;1.4 N: 17;* 0 : 44;*) 
Oct(E : 2,046;10 . 0 G: 4,680;1 . 4 , 15,364;20 . 9 ) 
Nov(A : !.. ;* 2 : 8 ; * G : 208 ; 0.5 Ii : 8 ;* I : 30;0.5 

,T : 26; * X. : 4;* L : 4 ;* !./ : 31;* N : 20 ;* 0 : 22;* 
P : 28; *, 3 0;0.3 l? : 4 ;* S : 2;* ) 

Jan ( K : l; .. l 
Apr(B; l;*l 

19 7 4 Aug ( P : 2 ; * ) 
S~p(E : 30,307;41. 7 I: 152;0 .5 ) 
Oct( D : 50;* E : 280;* F : lo; ·• C: 5,200;11.3 H : 504;* 

I: 312 ; 1. 4 J: 12; * K : 64; * [, : 2 3; * M: 16; * 
!'! : 2; * 0 : 4 80; * s : 3; *) 

19 7 5 May (I : l; *) 

SJ nod.us foetens 1974 Oct( fi : l;*) 

lop~ius a~ericanus 1974 Nov( F : 1;10 . 4) 

1 88 

., 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Appendix Table 9 - continued 

MerZuccius 
bi Zinearis 

Urophyci s chuss 

:Jrophycis regius 

Jr opay cis tdnu is 

,\lenidia menidiu 

Ga sterosteus 
acuZeatus 

Hippocampus 
e rectus 

1974 

1975 

1974 

19 75 

1974 

1975 

197 5 

1974 

1975 

1975 

1974 

1975 

Jun(J: 
Nov(B: 

H: 
Q: 

Jan(A: 
I: 

Feb( B: 
Apr(B: 
May(A: 

J; 
P: 

Jun(B: 
Jul (A: 
Oct(E : 
Nov( B : 

P: 
Jan( B: 
Feb( K: 
Apr(H: 
May(B: 

I : 
N: 
S: 

Jun(A: 

Jun( J : 
Jul (0 : 
Nov(A: 

K: 
J an (B : 
Apr( Q: 
May(A: 
Jun (i1: 

Jun (M : 

Oct( B: 
Nov(A: 

J.. : 

P: 
Jan(A: 
May (A: 

K: 
Jun(A: 

Jan (M : 

Sep(J: 
Oct (A : 
May( [, : 

I, 

69; 3 . 2 ) 
46; * C : 2; * D : 3;* E: 8; * G: 2; *, 5; * 
10;* I: 14; *, 41;* K; l;* P: l·* ' , 27;* 
1; * R : 10;* S : 1; *) 
l;* B : 9; 0 . 5 F : 1; * G: 28;*, 3;* H : 5; * 
15; 0. 5 11 : 2; *) 
1; * [,: l; *) 
l;* J: 3;09 P : l;* Q: 6 ; 1. 8 , 1; 4) 
l;* B: l;* E : l;* H: 5; 1. 4, 17;3.6 I: 7; 1. 4 
8; 2. 3 [, : 6; 1.8 11 : 33; 6. 8 N: 4. * ' , 121;29.5 
10;2.7 Q: 12;2.3 R: 6; 2. 3 S : 2; *) 

l;* I: 42; 2. 3) 
l;* B: l;* H : l·* ' , l;* 0 : 2; * ) 
1; *) 
3; k G : l;* H : l;* I : l;* J : 2;* 
l·* ' , 4; * Q ; 4;_ *) 
8;* G: 1-* ' ' 7-* ' , 5;* I: 6; 0. 5) 
l;* P: l;*) 
l;* J : l;* Q: 9;0.5 , 5; *) 
4;* D: 2;* E: 12;1. 4 H: 3. * ' , 147;9 .l, 214;25.4 
2. * , , 133;9.l J ; 23 ;5.0 [,: 39; 1. 8 M: 116;7.7 
24;0.9 P : 25;1.8 Q: 34;5.4 R: 106 ;13.2 
50;5.0) 
21;* M: 4; *) 

3;* R : 2; *) 
1; * ) 
2;* B: 14;* D: 23; * E : 1; * G! 3;* I: l ; * 
l;* M: l;* 0 : 6; * P: 4. * , , 2;* R: 20; * ) 
2; * G: 4; * J: 7; 0 . 5) 
l;* S: 1; *) 
18;* M: l;* N : 2; *) 
l;* 0 : 3; * P: 1; * ) 

l;* N: 20;* 0 : 33;* p: 2; * ) 

2;* E: 1 . * ' , l;* S: 6; *) 
l;* B: 5;* J : 1 ; * E: 3; * G : 24;* , 320;1.8 
l·* ' , 7; * J : 2;* K : 7: * f.1 : l;* 0 : 2; * 
l · * 

' ' 16;* R: l; *) 
l;* G : 2 ; * P : 3;* s: 3; *) 
14;* B: 12;* c: 6; * !./ • l;* I: l; * c1'P': 5;* 
28;* P: 1; * Q ; l;* S : 5; *) 
12;* D : 12;* F : 2. * ' , 9; * 0 : 2; * P : 78; *) 

1; *) 

1 *) 
1 * K : l; * S : 1; * ) 
1 * ) 

189 



Append i x Table 9 - con tinued 

S:1ngnathus fusous 

Merone amerioana 

Morone saxatilis 

Cent:r>opristis 
str>iata 

Pomatomus 
saltatrix 

Vomer setapinnis 

Ortho-;>ristis 
ohi•ysopte:"a 

Sten.oto'11us 
ch2•ysops 

3aird7:ezza 
chrysura 

Cyn.osoion :r>egalis 

1974 Sep(G: 1; *) 
Oct(£: 8; * "' · J. 2. * ' , 2; * ~,· : i; * ) 
Nov(D: ] . * . , G: 10;* P : 5; *) 

1975 Apr( Q: l · * 
' I 

l; *) 
May(H: 3;* I : 2;* M: 1; *) 

1974 Nov( H: l; *) 

1974 Jun(I: 1; 2. 7 J: 8; 17. 2) 
Jul (A: 1;0.9 B : l; 0. 9 0 : l; 1.8 ) 
Oct(E: l; l. 4 G: 1; 5. 4) 

1975 May (I: l; *) 

1974 Sep(E: 1; * K: 4; *) 
Oct(P: 1; *) 

1975 Jun(O: 1; *) 

1974 Jun(I: 3;*, 2;5.0 J : 1;2.3, 2;*) 
Jul(E: l;* H: 6;3.6, 2;0.5 J : l;* K: 2;0.5 

0 : 1;5.0, 10;4.l Q : l;* R : 10;2.3) 
Aug(D: l;0.5 H: l;0.5 J : 1;0.9 Q: 6;0.5 S: 2;*) 
Sep(B: 2;* 0: 1;3.6 I : 13;1.4, 24;1.4, 42;5.9 

N: l;0.5 0 : 4;0.5 R : 2;*, 2;* ) 
Oct(E: l;*, 85;6.4 G: l;*, 12;4.l H: 4;0.5 I : 8;0.5) 
Nov(G: 1;3.6 K: 1;4.5) 

1974 Sep(B: l;* I: 2;*, l;*, l;* 0 : l;*) 
Oct(J: l;*) 

1 9 7 4 Oct ( P : 1 ; * ) 

1 974 Jun(I: l;* J : 1 · * ' ' l;* O· , . 1; *) 
Jul( H: l · * 

' I 
1; * 0 : l;* R: 15; 0. 9) 

Sep( A : l;* i): l;* E : 2-* I I 4; 0. 5 K : 76;0.5 0: 1; *) 
Oct (?: l; *) 
Nov(J: 4 2; *) 

1975 Jun(F: 1; * X: 2;* P: l; *) 

1974 Oct(C:: 4; 0. 5 I: 1;* .v : l;* P : 5; ;, ) 
Nov(P: 3; *) 

1974 Jun(J: !.; 2. 3) 
Jul(H: 6; 6 • 4 I 3; 14. 5 J : 3;3.2 K: 5; 18. 6 ;1 : 1; 2. 7 

0 : 2; 4 .1, 11;42.2 .? : 2; 4 .1 R: 7;17.7 S : l; * ) 
Aug(B: 1; * H: 1; l. 4 [, ; l; 1. 4 N : 4; 8. 6 P: l; * 

Q : 5; 5. 9 S: 1; *) 
Sep (A : l;* B : 100;1.4 D: 6; * E: .5; *' 13;* 

J : 18;*, 295 3 • 2 I 56;0.5 !i : 2; * 0 : 13; 2 . 3 
R: 9; 5 • 9 I 29 0 . 5) 

Cc t:(E: 42;0.5 ,.. l·* 11 ;* H: 6 , * I: 6 ; * J : l;* ·' ' ' 
M: 2 * N: 1 * 0 : 3 ;* P : 59;1.4, 2;* R : 1; * ) 

Nov(3: 4 * G: 1 * 3;* [; 10;*, 19:2.3 J : 2;* 
0 : 1 * P : 3 * 72;0.5 Q: 7;* Fl: 5; *) 
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Appendix Table 9 - continued 

Leiostomus 
xanthuru s 

.'1en t icirrhu s 
saxatilis 

.'1·icropogon 
1.mdu latus 

Chae t odon ocellatus 

Ta u toga onitis 

Tautogolab r us 
adsper>su s 

:1ug i l curema 

ilstr>oscopus 
guttatus 

!?holis gunn e llu s 

Ammodytes 
amer>icanus 

Scombel' scombrus 

Pe9 t> ilus 
tt>ic canthu s 

1974 

1974 

1974 

1974 

1974 

1975 

1974 

1974 

1974 

1974 

1975 

1974 

1975 

1974 

1974 

1975 

Sep (I: 
Oct( E : 
Nov( I : 

Sep( B : 
Oct(B: 

Sep(I: 
Oct( P : 

Sep( E : 

Jun (E: 
Jul (P: 
Aug(H: 
Oct( A : 
Nov(A : 
Jan( G: 
May (A: 

J: 

Oct (J : 
Nov( F : 

Sep( R : 

Oct (D : 

Sep (E : 
Oct( G: 
Nov (G : 
Jan( G: 
May (H: 

Oct (B : 
· Nov (K : 
Jan(A : 
Feb (C : 

Jun (I : 

Jun ( J: 
R : 

Jul(F: 
Aug(B : 
Sep(D : 

1'7 : 
Oct (D : 

ii : 
No v ( I: 
May(A : 
Jun (A : 

. ... >,J.' .. 

l * 5; 0. 5, 8; 0. 9 R: !;* ) 
2 * P: 3 ; *) 
l *) 

l;* E: 1;*,6;* K : 1; * [, : 3;* N: 9; 0 . 5) 
l; *) 

l; * ) 
!;* ) 

1; *) 

l;l.4 J: l; 3. 2) 
!;* ) 
l; l. 4 S : l;*) 
12; 4. 5 E : l; 0. 5 G : l;* 2; l. 8) 
l; * F: 2; 0. 9 P : 1; *) 
2; 0. 5) 
2; 0. 5 C: 1; 0. 9 H: 9; 11. 8 I: 3; 3. 2 
3; l. 4 P : l; 2. 3) 

1; *) 
20;1.4) 

1; *) 

1; * G : l·* 
' I 

l;* H : l;* P : l;*) 

2; *) 
4; *) 
2; * ) 
2; * ) 
l·* , , 4; * ) 

l; * K: 15; *) 
l; * ) 
21;* C : 22;*) 
l; *) F: 16;* K· 29: 8) 

1; * ) 

46;1.8, 4. * 
' I 

37;1.4, 2; * J : 2·* , , 9; 0. 5 
10; 0. 5) 
l; * H : 3 ; * Fl: 4; *) 
2; * E : 4; * [, : 2; * P : l;* Q: 3;0.5 R : l; *) 
l;* G : 7 ; * I: 14;0.5, 8 ; 0 . 5, 27 ; 0. 9 [, : 8; 0. 5 
3; * 0 : 3; * R : l · * , , 3 ; * ) 
2; * E: 2 "* ' I 

6 2; 3 . 2 ·"; : 29;1.4, 1 2; 0 . 5, 7 ; 0. 5 
11; 0. 5 I : 20; 1. 8 P : 4; 0. 5 
1 * J : 2 * P: l; * Q: l;*) 
2 * H: l *) 
2 * D: 3 * M: 3 ; * N: 10;0.5 P : 8; 0. 5 ) 
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Appendix Table 9 - continued 

Prionotus 
aa:~oz inus 

:>rio>iotus evo Z.ans 

Myoxoc:ephaZ.us 
aenaeus 

,\1yoxoaepha Z.us 
oatodeaemspinosus 

Myoxoaepha Z.u s 
saorpius 

C:i thariahth ys 
ara tifr>ons 

::tropus 
r-ic-rostomus 

P,1rolich~h-_)s 

dentatus 

1974 Jul(H: 
Aug(F: 

1975 Apr(J: 
May(H: 

1974 Jun( I : 
Jul( R : 
Sep (I : 
Oct(E: 
Nov(P: 

1975 May(I: 

1974 Jun(J: 
Jul(H: 
Sep(E: 
Nov(D: 

1975 Jan(B: 
May(H: 

1974 Oct(G: 
Nov( t7 : 
Jan( G: 
Feb( K: 
Apr(J: 

1974 Sep(E': 

1974 Sep(G: 

1974 Oct( E : 
P: 

Nov( G: 
1975 Jan (B : 

1974 Jun (I: 
Jul (A: 

0: 
R: 

Aug(B: 
Sep(E: 

I: 
Oct(E: 

P : 
Nov( D: 

1974 Jan( G: 
Apr( Q: 
May(A: 
Jun (F : 

l;* R: 
l;*) 
1; * ) 
1; *} 

l;*} 
44;3.6 
1; * R: 
6; * C: 
l;* Q ; 
1; 0. 5 ) 

1; *} 
l;* 0 : 
l;* I: 
l;* E: 
2;* F: 
26;*} 

l;*} 
32; 0. Si 
4; *} 
l; 0. 5) 
2; 0. 5) 

1; *} 

1; *) 

1; *) 

S : l;*) 
4; 1. 4' 1; *} 
l;* I : l;* P: 2;* R : l;*} 
1; *} 

1; *) 
2; *} 
1; * J; 2; *} 
l;* C : 5;* I: 3; *} 

25;* G: 20;*, 3;* H: l;* _[ : 1; * 
1; * R: 1; *} 
8;* i: 11;* 0 : 2;* P : 54;* R : 4; *} 
1; *} 

9;10.0, 3; 3. 2 J: 4; 3. 2 3 : 2; 0. 9) 
1; * B : 1; * R: 8; 5. 9 N: l; 0. 9 
1; 0. 5' 5; 3 • 2 I 4; 5. 0 P: 12;8.2 ;) · , . 2; 1. 4 
12; 2. 7 S : 5; 4 .1) 
7; s .o F: 3; 2. 3 ."{: 1: 0. 5 0: 1; 0. 5) 
4; 2. 7 D: 2; l. 8 E: 1; 0. 9' 21;14.5 
2; 1. 4' 7 i 5. 4 K: 2;0.9 0 : 6; 5. 4 R : 1; 0. 5) 
20;1.8 c : 4; 0. 5' l;* H: 3;* I: 1; * 
3;* R: 1; *) 
1; * G : 6; * F. : l;* F : 2; *) 
1; *) 
l·* 

' ' 2; * ) 
l; 0. 5 H: 1 ; 0. 5) 
2; * K: 2;0.9 0 : 2; 0. 9 P : 2; 0. 9 ) 
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I Appendix Table 9 - continued 

I Sooph t halmus 1974 Jun(B: 14;2. 7 I: 1 0 ; 1. 8 J : 3;0.5 R: l ; 0. 5 ) 
aquosu s Jul (A: l;* B : l;* 0 : l;* P : 2; *) 

Aug( B : l ; * E' : 1; *) 
Sep(D: 1; * I : l;* K: 2 ; * ) 
Oct(B: 6; 1. 4 E: l·* 52; 5 .9 E': l;* G: 25;2.3, l;* 

' ' H: 1; * I : 2; * K : 3;* P: 37;9.l R : 3; *) 
Nov (A : 2;0.5 B: 5; * C : l;* D: 2 ;* E : 2;* E': l;* I 

G: l · * ' ' 70;9.l H: 9; 0 . 5 I : 17;2.3 , 95 ; 9. 5 
K: l;* M : l;* N: 2; * 0 : 3;* P : l · *. 71;9.l 

' ' Q: l.2 ; 1. 8 R : 41; 3 . 6 S : 7; *) 
1975 Jan(C : l ; 0.5 F : l; * G : 14; 1. 4 I : 29;1.8 ) 

Feb( L : l;* P : l; *) 
I 

Apr (A : l; * C : l;* J : 3 ; * Q : 2; 0. 5 ) 
May(A : 5; 0. 5 C : 6; 0. 9 H: 4; 0. 9, 7; 1. 8 I : 6: 0. 9 

J : 3; 0 .9 K: l;* [, : l;* N: 2;0.5 P : 9; 1. 4 
Q : 22;4.5 R : 8; 1. 4 S : l; * ) I 

Jun( P: 4; * K: l;* 0 : 2;* P : 2; 0. 5) 

Pseudople ul"oneotes 1974 Jun (D : l ; * p ·: l;* I : 3 . * 21·; 2 . 3' 18;0.5 J : i:~l.4 ' ' amel"ioanu s K : l;* ,v : 3;0.5 Q: 25 ; 3. 2 R: 2; 0. 5 ) 
Jul (A : 2;* B : 2;* F : l;* H: 7·* 13;1.4 K: l;* 

' ' 
I 

0 : 15 ; 0.9, 3·* 
' ' 3;* P : 25; 2. 3 R : 13; 0 .9' 3; 4) 

Aug(O : l;* Q: 3; 0. 5) 
Sep(A : 3;* B : 4; 0. 5 D: l ;* E : 4;0.5, 16; 0. 9 

G: l;* I : 8; 0. 5 K: 2; * L : 3 ;* 0 : 2;* I 
R : 5; 0. 5' 14;1.4) 

I 
Oct(B: l;* D: 27;2.7 E : 3 ·* 12;1.4 G : 3. * 4 3; 3. 2' ' ' ' ' 80;9.5 H: 7; 0. 5 I : 2; * J: 4; 0. 5 L : 16;0.9 

M: 7; 0. 9 N : 57;4.5 0 : 2; 0. 5 P : 26; 4 .1, 44; 5. 0 
R : 35;5 .0 S : 10; 0. 9 ) 

Nov(A : 8; 0. 9 B : 2;* C : 2;* D: 32; 3. 6 E : 13; 2. 3 
G : 11 ; 0. 9' 122;14. 5 H : 14;* I : 14;1. 4 , 117;4.l 
J : 7; * M: 39; 2. 7 N: ' 6 ; 0. 9 0 : 5; 0. 5 
P : 27; 5. 0 ' 85; 3. 2 Q : 49;2.7 R : 49 ; 5. 9 I 
S : 35; 5 . 4 ) 

1975 Jan (B : l;* C : 2;0.5 G : 31 ; 1.8, 1 8 ; 1. 4 I : 4 4; 3 . 2 
K : l;* !-1 : 1 3 ; 1.4 S : 3 ; 0 . 5 ) 

Apr(A : l;* F : 2 ; 0. 9 H : 1; * J : 3;* M: l;* ) 
May ( B : 2; 0. 5 H : 4; 0. 9' 55; 5. 9 I : 4; 0. 5 J : 2;0.5 I 

L: 3; 0. 5 11.tf: 3; 0. 9 N: 8 ; 1. 4 P: 8; 1. 8 Q : 9; 1. 4 
R: 7; 0 . 9 S : 9; 1. 8 ) 

Jun(A : 15;0.9 D: 2;* N: 5 ; * 0 : 9; 0. 5 P : 20;1.4 ) 

Monaoant hus 19 7 4 Aug( H: 1; *) 
I 

hisp idus Sep( B : l; *) 

I 
I 
I 
I 
I 
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