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SCOPE

This overview is designed to provide an assessment of' potential

biological effects of sand and gravel mi~ing in the Lower Bay Complex

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

able literature concerni.ng di.stribution and abundance of organisms in

the Lower Bay Complex in relat'cn 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. Host of the literature regarding potential suspended

sediment effects on Lower Bay orqani.sms 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 mini.ng/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 ai.d 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 Bav Complex.

BACKGROUND

Sand deposits in the Lower Bay Com-

summarized in Table 1

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

metropol:tan area since 1963  Schlee,

1975; Kastens et al., 1978; Carlisle and

Wallace, 1978! . According to the New

York State Office of General Services

 Narotta, personal communication! and cal-

culations from bathymetric changes

 Br'nkhuis and Sanko, unpublished data! j

more than 89 million cubic yards  mcy!

[68 million cubic meters  mcm! ] have been

mined for commercial and public works

projects between 1950 and 1975. From 1950

to 197l, most of the sand was obtained

from the West Bank region of the Lower

Bay, while after 1971 mining was conducted

principallv 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. �978! and is

The demand for sand obtained from the

Lower Bay Complex will likely increase in

the near future  Carlisle and Wallace,

1978; Courtney et al ., 1979! . Based or

cu rent and pending construction propos-

als, the demand for sand and aggregate in

the New York metropolitan area will prob-

ably exceed 8.5 mcy �.5 mcm! per vear
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 Schlee, 1975; Courtney et al., 1979! .

Sand resources located on land in, c" 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 f rom the Lower Bay Complex.

Since 1973, 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 Sez-

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  i<insman et al,,

1979!

2! effects on circulation patterns

and tidal currents and elevations due to

altered bathymetry  Wong and Wilson, 1979!

3! environmental descriptions  Kas-

tens et al., 1978!

4! effects of deep holes on circula-

tion, wate quality, and sediments  Swartz

and Brinkhuis, 1978!

5! surficial sediment distri.bution

and resource avai.lability  Kastens et al.,

1978; Jones et al., 1979; CarlisLe and

Wa11ace, 1978!

6! distribution and depth of surfi-

cial sediment deposits  Bokuniewi.cz and

Fray, 19'79!

7! site-specific faunal surveys in

proposed mining sites  Brinkhuis, in

progress!
8! assessments of biological e E f ects

of sand mining on fauna as determi.ned from

the literature   thi.s report!

Until reports from all items, and espe-

cially 7 and 8, are available, it is

unlikely that agencies and citizer groups

will alter the current restriction on sand

mining.

This report concerns an assessme~t of

biological effects associated with sand

mining as interpreted from existing liter-

ature on biota distribution in the Lower

Bav Complex and literature on biological

effects of sediment mining/dredging con-

ducted elsewhere. Included are addi ional

observations by the aut;hor on organism

distribution in and around existing mined

holes in the Lower Bay East and West

Banks.

INTRODUCTION

General Pecsur es

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 ard Raritan riv-

ers  see Fig . 1! . Waters of the Lowez 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

T~e ,Yur, owe and 2! the sea to the south-

east through a relatively wide  -8 km!

transver'se opening between Sandy Hook and

Rockaway Point, often referred to as the

- .n ~v Yssrr-Poekarray P , .rrrnseet.

The Lower Bay Complex is shallow

�-20 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 �969! and Rastens et al.

�978!. On the West Bank of Ambrose Chan-

nel there are three areas which were mined

for sand prior to 1973  Fig. 2, Areas

3, and ;"! . The holes in Areas 4 and 8

were mined to depths of 8 to 14 m while in

the hole is 20 m deep. Unmined bottom

sediment generallv lies between 3 and 5 m

below the water suzface. Orr the East. Bank
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Table 2. 1976 tidal ranges in the Lcwer
Bay Complex  from Swanson, 1976!

 m!

Location SpringHean

Sandy Hook

The Narrows Hook

Great Kill Harbor

The Battery

Conev Island

South Amboy

Keyport

Atlantic Highlands

St. George

clockwise eddy off Great Kills Harbor

 Staten Island! separates the Raritan and

Hudson river flaws  Ayers, et al., 1949!,

Tidal curient vectors for maximum ebb

 Fig. 4! and maximum flood  Fig. 5! for

July 1977 have been computed by Wang and

Wi lson �979! . During flood tide, higher

salinity water enters Lower Bay between

the AmbrOse Channel and Rockaway pt.  see

Fig. 1!, and continues in a southwesterly

direction along the Staten Island share.

Duedall et al. �979! and Doyle and Wilson

�978> indicate that tidal and nontidal

Phas ea 1 Gaeaxo-.raphp

flows, respectively, ta 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 the Raritan River, escapes around

Sandy Hook into the New York Bight Apex

 Fig. 6! . Water from the Lower Bay, di-

luted primarily by fresh water from the

Hudson River, flaws out over the Ambrose

Channel  Ayers et al., 1949! .

Duedall et al. �979! and Doyle and

Wilson �978! descr'be a two-layer non-

tidal circulation pattern in waters to

the west of Ambrose Channel. Less saline

water leaves the Lower Bey near the sur-

face, A tongue of mo e saline New York

Bight water persi.sts at depth in channels

Lower bays produces

wise gyre  Fig. 3! .

of Ambrose Channel there is a large shoal

which rises to within 2 to 4 m of the sur-

face. There are numerous irrpgularly

shaped holes 15 to 22 m deep in Area

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

w'thin Area 9, only the shaded sectors

still contain sand resource above the 15 m

depth contour. In Hay l978, 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 G. These areas will be ~fne2

e="er".n,exza lg 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 �979! and Kinsman and

Schubel �979! . Further, fauna1 surveys

of these proposed areas are in progress by

the author.

A number of studies have been con-

ducted on circulation in the Lower Bay

Complex and exchanges of these waters

acrcss The Narrows and the Sand: 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 region are dominated by the semi-

diurnal tide  Parsons, 1913; Schureman,

1934! . Tidal ranges for various locations

in the Complex are shown in Table 2.

Tides in the New York Bi.ght cause tides in

the New York, Harbor  and Long Island

Sound! to have different characters and

phases from pure semi-diurnal tides

 charmer, 1923, 1935! .

Jeffries �962! indicated that the

net current pattern of the Raritan and

a large counter-clock-
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Fig. 4: Ccmouted tidal Current veCiOre lOr eXleting bathymetry  NOS hydragraPhiC Chart NO. 12327, 70th Ed., July 1977! fcr maX-
imum ebb at Sandy HOOk. After WOng and WliSOn �979l.

J
P V I

Fig. 5: Computed tidal current vectors for existing bathymetry  NOS hydrographic chart No, 12327, 70th Ed., July 1977l for max-
irnum flood at Sandy Hook. After Wong and Wilson �979!.



Fi9. tt: Nontidal circulation pat tame from Duedell at al.  t979>.



and depressions  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 advsction and turbulent

diffusion  Kao, 1975; Doyle and Wilson,

1978! . Stewart �958! and Abood �974!

further indicate that the Hudson River is

a partially stratified estuary . Entrain-

ment of saline bottom water into seaward-

flowing surface waters increases down-

stream and is comps~sated by upstream

bottom currents. Nontidal density west

of the Ambrose Channel is characteristic

isopycnals slope upward

Pt., and there is consid-

of an estuary;

toward Rockaway

erable vertical stratification <Doyle and

Vertical stratification inWilson, 1978! .

mined holes  e.g., Area "! is especially

pronoun'ced 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 circulation. No

comparisons between the relative contri-

butians 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 �913!, Schureman �934!, Giese

and Barr �967!, Darmer �969!, Busby and

Darmer �970!, Dunn �970!, Walfard �971!,

and Mueller et al. �976! . A subsurface

onto the shoals west of the channel by

tidal oscillations. The tidal excursion

varies from 3.8 to 9.6 km, depending on

patch of colder less saline water �.5 m

depth! occurs in parts of the Lower Bay

near Staten Island during the summer <Bow-

man and Weyl, 1972! . This patch is

appazently farmed by advection of cooler

Hudson River water from the Ambrose Channel

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. �949! calculated the average

flushing time of t!.e Lower Bay to be 8.1

tides. Residence time in Raritan Bay is

considerably longer--Ketchum �951! zndi-

cated 32 to 42 tides while Jeffries �962!

found 60 tides were required during his

1948 survey.

A number of ancillary circulation

studies have been conducted in and near

the Lower Bay Complex. Pritchard et al.

�962! investigated the movement and dif-

fusion af an induced contaminant. Ketchum

et al. �951! reported on oceanographic

features of the New York Bight, including

the northern apex area, near the Lower

Bay. Mueller et al. �976! studied con-

taminant input 1eads to the New York Bight

through the waters of New York Harbor.

Wong and Wilson �979! modelled the

effects of bathymetric changes, resulting

from sand mining, an circulation and tidal

amplitudes in the Lower Bay Complex.

Swartz and Brinkhuis �978! described the

effects of existing mining holes an oxygen

dynamics and circulation problems on both

sides of the Ambrose Channel. Jay and

Bowman �975! described some aspects of

physical oceanography and water quality of

New York Harbor and the exchanges of ool-

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 reported by the Metropoli-

tan Sewerage Commission �913! and the

Interstate Sanitation Commission �940!

rCrrem:col proper sr'.ee o�. Va.en burrs Sedfrrrente

Most of the studies on the chemistry

of Lower Bay Complex waters and sediments

resulted from pollution related concerns.

Pollution related nhenomena in New York

Harbor were extensively investigated by

the MetropoLitan Sewerage Commission near

the turn of the centurv �912, 1913!

Reeve �922! indicated the need for
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Fig. 8: Nontidal currents normal to the Sandy Hook to Rockaway Point Transect computed for 2-7 June 1952. Positive fiow is
seaward. From Doyle and Wilson �978!.
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cleansing Harbor waters. Phelps and Velz

�933t and Avers e al �949! described

some of the pollution problems in New York

Harbor and adjacent waters. The Interstate

Sanitation Commission �959, 1960, 1972!

produced several reports relating to sewer

overflow impacts on New York Harbor waters.

Nytelka  l972! reported that- some heavy me-

tals occurred in high concentrations in

sewaqe and waste water eleased fzorn treat-

ment plant.s i.n the New York metropolitan

area. O'Conr,er �962, 1971! also described

crg. nic pollution problems resulting from

improper sewage treatment in the New York

area. Ingram and Kitwally �966!, Suskowski

�973!, and Zetchum �974!, recently sum-
marizedd the historv of sewage pollution

prcblemS in Ne» YOrk HarbOr waterS.

Naturally, pollution of New York Harbor

has had significant impacts on the waters of

the Lower Bay Complex, which is not to say
that inputs from the Harbor are the most

important in terms of effects on water qual-
ty in the Lowez' Bay Complex. Indeed, much

of tne input via Hudson River f1ow is trans-

ported out to sea due to the patterns of

circulation  see r r8a='cc'. Cqsano~raphp! .
lt appeazs that much of the deteriorated

water and sediment chemical character of the

Lower Bay Complex stems from inputs into

Raritan Bay. Jeffries �962! desCribed

environmental characteristics of Raritan Bay

ard indicated that many of its pollution

problems also sterrmed from sewage inputs via

the Raritar. River and treatment plants along

the north Jersey and Staten Island shores.

Clark �963! and deFalco �967! similarly

described pollution characteristics of

Raritan Bay and adjacent waters, including

portions of the I ower and Sandy Hook bays.

Gross �970, 1972! analyzed dredge wastes

and waste solids with respect to chemical

composition. Searl et al. �977! reported
that the highest extractable organics and

nonvolatile hydrocarbon concentrations

occu red in New York Harbor waters, with

lower concentrations occurring near Ambrose

Channel. They suggest that much of the hy-

dr ccazbon in water is adsorbed or to particu-

la e mater ' al which settles out in deeper
areas of t'h e Lcwez Bay.

O..e net impact of sewage inputs into

th . "ower Bay Complex is to prov' de an ex-

cess of armaonium which in turr; supports phy-

tcp5.ankton biomass  Garside et al., 1976!

during seasonal blooms. These blooms may in

Curn result in water column oxygen deficien-

cies 'n localized areas at certain times cf

the year  Swartz and Brinkhuis, 1978!.

t!'Corners and Duedall  l975! and Parker et.

al. !1976a,b! indicated that there is a con-

siderable arrznonium and chlorophyll flux from

the Lower Bay Complex across the Sandy Hook-

Rockaway Pt. Trar.sect into the New York

Bight Apex. O'Connors and Duedail �975!

inc" .cate the major source of this ammonium

is sewaqe effluent from the New York metro-

uolitan area. Hahoney and 4lcLaughlin �977!

associated phytoflagellate blooms with hv-

pertrcphication of Lower Bay waters.

Carmody et al. �973! and Alexander et

al. �9~8! reported on trace metals in sedi-

ments o the New York Bight and waters frcr;

th» southern pcrtions of the Lower Bay Com-

plex. Lentsch et al. �971!, Hammond et al.

�975!, Jinks and Krenn �978! and Simpson
et al. �97 ! described studies on racio-

nu"li.de distribution and sediment/water

'nteractions ir. the Hudson estuary. Grieq

ar.d '4cGrath �977! and !"aldhauer et al.

�978! desc=ibed trace metals in sediments

and waters of Raritan Bay, respectivelv.

Figures 9 and 10 indicate sampling stations

of these respective studies. Seeliaer and

Ldwards �977! indicated that there «as a

high correlation oetween water columr. copper
and lead concentrations and benthic alqae i..

Raritan Bay, and that these metals in sea-

weeds w re uresent in the hichest concen ra-

tions repcrted to date, Generallv, metal

concentrations in water, sediment, and sea-

weed are hiqhest at the western end of

Raritan Bay. Lead and copper concentra-

tions n water and sediment remair. high in

the center o the Lcwer Bay Complex in a

band to the south of the Raritan Bav Reach

Channel, i ster and sediment to the north

or, the !"es Bank had lower concentrati.or.s.



Fig. L Staiions sampled by Gneg and McGrath �977! fOr trace metal content in surface sedimenta. Alter Grleg and McGrath �977!.
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Waters in Sandy Hook Bay had low, while

sediments had high, metal concentrations.

Reqior» on the East Bank had the lowest

metal concentra..ior.s in the area.

ceaicen Paaosrces

The nature of sediment quality in the

I ower Bay Complex has been reported by

several irvestigators. F ay {1969! com-

=iled data from a large r.umber of surfi-

cial sediment samples reported by Dean and

Haskin �964!, Nagle �967!, !4cHaster

�954!, Taney �961!, and Woodward-Clyde

�975a! . fastens et al, �978! 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 hy Kastens et al, �978! . The

report by Jones et al. {1979! also

includes 50 samples obtained by Brinkhuis

on tl.e East and West Banks, in and around

dredged hcles. The report presents a

textural property map of sedimerts.

Bnkuniewicz and Fray �979! prepared an

updated version of the surficial sediment

textural property map, and identified

probable thicknesses of deposits that were

surveyed by subbottom profil.ing,

Figu e 11 presents the textural

pzoperty index map produced by Bokuniewicz

and Fray �979! . Table 3 identifies each

of the deposits numbered in this figure

with the type of sediments in the Lower

Bay area. Ot:her areas shown in the Lower

Bay Complex weie identified by Dean and

Haskin �964! . Several points of interest

raay be noted. Deposits XII, XIII, and XVI

represent locations A, 6, and C from

Swartz and Brinkhuis �978! --see Figure 2.

These are dredged holes on the West Bank

that have filled in with mud since the

time they were dredged �966-1972! to a

depth of 8 to 13 m. An overlying layer of

mud up to 90 cm thick was indicated by

core samples collected by Brinkhuis and

Bokuniewi-..z  unpubl ' shed data! . On the

..ast Bark, Area IX represents the location

of minir.g ir. that location {3 in Fig. 2! .

Less mud han accumulated in nc les on the

East Bank, as noted by Swartz and Brink-

h »s �978! . The difference in accumula-

tion of mud on either Bank may be

att.rib ted to different circulation

patte"ns. West Bank sites apparently

receive more suspended material from the

Hudson and Raritan rivers--material that

is more easily deposited due to the tem-

pered cur-ert velocities ir the shallow

waters of the west Bank and the effect

that hoies have in further reducing cur-

r. ent veLocities  Wong and Wilson, 1979! .

On the East Bank, circulation is more

~ igorous, keeping fine materials in

suspersion.

The majority of Hudson River flow

bearing suspended material flows into

Lower Bay on the west of Ambrose Channel,

Figure 12 depicts the idealized sedimert

trarsport i.n the Lower Bav Corrplex as

described by Fzav �969! .

Generally, surficial sediments on the

East Bank are coarser than material on the

West Bank. Bokuniew'cz and Fray �979!

indicate that the thickness of deposits

varies considerably throughout the region.

Thickness of deposits, determined by sub-

bottom 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 aze also shown in Table 3. Deoosits

cr. the Eas- Bank are between 9 and 13 m

deep whi! e those on the West Bank of

Arrhrose Channel are deeper, up to 25 rr..

Deposits of Lower Bay Sands south of

Staten Island are about 8 m thick. 4ost

of the surface deposits consist of fine to

medium sana, with occasional patches of

very fine or coarse material. Only for

areas where bore-hole data are available

car. reliab!e estimates of exnloitable

resource material be made. Subbotrom pro-

filing alone can rrot describe the natu. e

o. particle sizes in subbottom deposits;

16
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Fig. 12: fdeaffzed transport oi sediments in the Lower ixav Complex. Altar fray, f989.
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however, it can be helpful in determining

thickness of sediments as a whole.

DISTRIBUTION AND ABUNDANCE PF ORGANISMS

Png ep lu7rK tee

A number of studies has been con-

ducted on phytoplankton distzibution,

abundance, and productivity in the Lower

Bay Complex.  Patten �959, 1961, 1962!

conducted detailed investigations on

species compositior. and diversity of the

phytoplankton community in Raritan Bar and

adjacent Lower Bay waters. McCarthy

�965! conducted a follow-up study of

phytoplankton in Raritan Bay, Kawamura

�966! zepozted on phytoplankton distri-

bution in Sandy Hook Bay and adjacent

waters. O'Reilly et al. �976! and Malone

�976! reported on annual productivity in

the Lower Bay Complex and the New York

Bight Apex, respectively. Mahoney and

McLaughlin {1977, 1979! investigated phy-

toflagellate blooms in the Lower Bay

Complex.

A list of the nore common phytoplank-

ton reported in the Lower Bay Complex  by

season! is presented in Table 4. Patten

�962! indicated that diversity increased

downbay in asscciation with diminishing

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 by Patten �962I . Diatoms

 mainly See.etexer.a u etztxm! dominated.

the cold-water flows while dinoflagellates

and Y.nnoenler.s n-.eche were dominant

during wazmez' seasons. The summer and

early =all were dominated by other nanno-

planktonic flagellates as well. Patten

{1962! indicates that, based on redundancy

and diversitv indices, Raritan Bay at that

time was a generally poor guality

ecosystem.

Productivity studies by O'Reilly et

al, {1976! indicated that phytoplankton

were highly concentzated duzirrg the surrmrer

and sparse during late fall and early

winter. Despite a thin euphotic layer

�.3-6 m! resulting from terzigenous-,

sewage-, and phytoplankton-derived sources

of particulate matter, the annual primary

production in the Lower Bay is 817 g

C/m'/yr  O'Reilly et al., 1976! . This

annual value is among the highest reported

for estuarine regions. Nannoplankton and

netplankton accounted for approximately

67 and 20% of annual plant production,

respectively. This high productivity is

supported by sewage nutrient inputs  pri-

marily ammonium! and is principallv light-

limited. During the summer months of high

productivity, ammonium regeneration in the

watez column and from sediments further

supplements phytoplankton demand  Malone,

1976! . At no time did production appear

nitrogen-limited, in contrast to Ryther

and Dunstan's {1971! findings in other

coastal New York waters. Rawamuza {1966!

reported that phytoplankton productivity

in Sandy Hook Bay is moderate. Patten's

�962! phytoplankton productivitv figures

indicate that Raritan Bay has high pro-

duction, Garside et al. �976! found that

much of the nutrient input to Raritan Bay

is consumed by the high productivity of

phytoplankton. Studies by Mahoney and

,McLaughlin �977, 1979! indicate that

cyclic blooms of phytoflagellates and

other phytoplankton are the res~it of

interactior.s between salinity, nutrients,

and species specific growth ability. The

dominant species appear to be unchanged

over a period of 20 years of study.

Ze ep . arr~ te n

Relatively few studies have reported

zooplankton observations in the Lower Bay

Complex. Reports by Jeffries �959, 1962,

1964! and Yamazi �966! indicate that zoo-

plankton populations in the Lower Bay

Complex are similar to other protected

estuaries along the east coast of the

United States. Two ger.eza of copepods,

.4 . rt".a and Sar-,,temera, dominate the

21
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zoop1ankton recczd. Table 5 lists the

taxa of zoopiankton reported during vari-

ous seasons i.n the Lower Bav Complex, It

may be noted that many meroplarktoni c lar-

vae of other invertebrates are found in

zooplankton during the spring and summer.

At times, these larval forms may dominate
the record.

Two species of i "rr".c are the most

common copepods found in the Bay.

:!ass dominates in the winter and is

gradually zep'aced by '.. :c~sct during the

summer. During the wintez-spring transi-

tion, two species of argzem r~ i.ncrease
in abur;dance, E. ,msr".sex~ and E.

r <accfdes  Jeffries, 1959! . Jeffries

�959! linked an increase in seuco-

=';~p-. m:.s ocr o".s-.as in Raritan Bay over

previous yeazs to a reduction i.n sewage
effluent in the Bay.

:xoer rerrsree

Overview

A fairly complete inventory of inver-

tebrate infauna and epifauna identified in

the followir:g studies, includir.g work in

progress by the author, is presented in

Table 6, Species are listed with their

phylogenetic identities according to the

scheme presented by Gossner �971! . Spe-

cies collected thus far in a benthic

survey south of F're Island, New York

 Coal Waste Ar" ificial Reef Project

 CWARP! ] by investigators at the �arine

Sciences Peseazch Center, State University

of New York  S.U.�.Y .! at Stony Brook are

included for comparison purposes.

Approximately 180 invertebrate taxa

have been reported for the waters of the

Lower Bay Complex, i.ncluding only the one

transect line  A ! described by Steimle and

Stone �967!, that lies on the East Bank.

Pearse �974! reported only 78 taxa . The

number of taxa found at any one sration

varies considezab1y, as well as between

bays. The time of year samples are col-

lected accounts for further differences

betwee~ and within studies ie.g ., Steimle

ann Stone �973! - Appendix Table 7! .

Differences ir sampling techniques between
studies also account for discrepancies in

species commonly found in the area. For

example, Dean �975! reported few species
anc numbers of gammarid Amphipoda. This

migt t be attributed to his use of 1.5 mm

screens as opposed to finer meshes used by

others who reported gzeatez numbers of

sreci es and abundance. The number of taxa

cund ' n any one study is typically 10 to

35 at the more productive stations. How-

ever, in many locatiors investigators have

reportec very few species oz numbers of

orgar.isms.

 salford �971! Study

Walfozd  '971! found a total o- 31

taxa in his study of eight Lower', Raritan,

and Sandy Hook bay quantitative stations

!see Fig . 13! . The most diverse and dense

omm nity was found 400 yards northeast of

Swinburne 1sland, where 19 taxa were found

at his Station 38 in two samples obtained

by an 0.1 m' Smith-�clntyze grab. The

sma'lest standing crop was found at Gta-

tion 10, immediately east of the Chapel

Hiil Nor'th Channel, repzesented by three

species  Cerebrctx "us sp, 'Iepi",:;Js

and Pesei scria posldf-'! and three animals.

Low divezsity and density were ascribed to

dredging and shipping activity. The area

sediments were coarse sands and gravel. A

total of five taxa was found at Station

12, two miles south of Stat. or 10. This

s a ion was also characterized by shoaling

coarse sediments. Stations 2, 5, 6, and

21 wez'e located west of 10, 12, and 38 in

12 to 15 feet of water. salford found

that the sand-mud sedim rts at these sta-

tions supported a less diversified fauna.

Station 2 had the least biomass and diver-

sity c any stations sited on sand-mud

sediments, The last station described in

the text, 27, was located in the center of

Lcwer Bay in water 23 feet deep. The

sediments had more ine mud and exposed

mussel shell. iialford conc1uded that the

faura in the Lower Bay wa.s impoverished,

ci.ting as one example the number of



Lower Bay Complex

Seasonal occurrenceTaxon

Copepod

Polychaeta

P= lydora spp.
,Verinides ayi,ie
Ve»ei e spp.
Sabe lazia spp.

Summer
Summer
Summer
Summer

tiollusca

liercenaria me»cena»ia
arenazia

7csec spo.

Summer
Sp ring-s urrme r
Summer

C rus tacea

25

Table 5. Zooplankton reported in waters of the

Acartia clauei
Acartia tonsa
Eu y temora americana
Eu»y t emora hi r unaoi des
Pseudoaiap tomas cozonatue

snore longicornie
2'emora e ty li ~er a
. o»tanue aiscaudatue
Centropages tyoicus
Centropages hematus
iabidocez a aestiva
Cithonc bezvicornis
Ci shone ei vari lie
Pseudocalanus minutue
Paracalanue c»assi zrotzis
Ca l anus; inmcrchi us

.".: an u s e b u r n e r s
Ba ' anus Xmpr'ovie ue
cal linoctee eapi due
Canoe sp
C=rci ni des maencs
Crcnoon eeptemep" noea
rurypanopeus depzessue
.7eopcnope tetana
?cruz us .onci carpus
Panopeue herbs tii
Jcc sp.

Winter-spring
Sumrrer- f all
Winter-spring
Spring
Winter-spring
Winter-spring
Winter-spring
winter-spring
Winter-spring
Winter-spring
Winter-spring
Winter-spring
Winter-spring
Winter-spring
Winter-spring
Winter-sprirrg

Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
S umme =



Table 6, Irvertebrate taxa found in Love Bay Coli<rlex and adjacent

~caters.

Taxon

Cnidaria  Coelenterates!

C. Bydrozoa

O. Athecata

P. Tubulariidae
2'uiu T.ar''c sp.

F. Pennariidae
Fennar c

F. Hydract:iniidae
Huaracti n a ech..'nata X X Z X

O. hecata

F. Carnoanularidae
Os e l ~ c sp.

C. Arthozoa

0. Actiniaria

P. Sagartidae
Sa,art a ~a 'cata x x

F. Metridiidae
",et idiur. ten~le X X X X X

26

e

Ch t/l
4

3K c
r + o

0
V
a b c

Cll
41
Ch

4
c
8 .V

X
d e

'Q c 4
lp e

0
f g h



Table 6 - continued

Taxon

X X

C. Anopla

0. Paleonemertea

0. Heteronemertea

C. Znopla

x x x X x x

x x x x x

C. Polychaeta

0. Phyllodocida

X
X X

X
X X X X X

X
x x

77

0. Ceriantharia
Ceziazztheczzeie cr.".ez-.',carzzre

P. Pla yhelminthes  Flatzeorms!

C. Turbellaria
unidentif. spp.

P. Rhynchocoela  Nermertean Worms!
unidentif. spp.

F. Cephalothricidae
Pzccephalcthrir epizalie

P . Lineidae
Rygeupcrlia z rzbezze
Nicrura leidgi

0. Hoplonemertea
unidentif. spp.

P. Ascheiminthes  Pseudocoelenterates!

C. :!ematoda
unidentif. spp.

? . Annelida  Segmented Worms!

C. Oligochaeta
unidentz.f. spp.

Phyllodocidae
tecrze  actea

Etecr.e g'-ava
~tease he.ezcpcz a
-exrri da earzgxizzea
Pazarzaitis kcetezierzsie
Zawarzai i e speci ce a

a b c d e f g h i

x x x x x x



T axon

Pny l lodoce r ucosa
pliy L L dadce gro8n La'i
Euler" a vi»i-i s

X X
X

X X X

F. Polyncidae
&armdrhde extenuate=
.i 'arrothoe i»ib. i ca a
i epi ddridtuS Squar;atue

X X X
X

X X

X X
X X
X X

F. Siqaiicnidae
5therte Lai'8 Li~ico La
SiaaLior, a. ev,iccLa

X
X

X X
X X

F . Glyceri dec
C Ly cero dibrar chic
g Ly cere av er i canc
GLyccra capitata

F. Goniadidae
Goniade LLa graci Lis
8 ori aai a n.acu Lot a

X X X

F. Nephtyidae
Ag,aophan,us ci r cin a+a
lIlephtus bucera
;lephtys 'r.eisa
llephtys picta
.7eph.'ys caeca

F. Syllidae
Auto Ly tus drnutus
Zzogdne SP.

X X
X

X X
X

F. Heeicnidae
ocular he obscura

X
X X

F. Capitellidae
Bete»diriaS tuS ~i Li ~" rvi
"apite LLa capitata

X
X X

Tah le 6 � conti nue d

F. Nereidae
lier cis
lf 8 r' 8 i. s
.yercie
l18 re 4s
lie re i 8
Yo»eis

O. Capitellida

a .umina ta
g»ayi
pe Lagica
8 ucci rica
V:rena
spp .

a h c d e f g h i

X X
X X X X
X X

X
X X X

X X X X X
X X X X

X

X X
X X X

X X X
X
X X X



Taxon

X X
X
X

O. Spionida

X X X
X

X X

X X X

X X X
X

X X

X
X X X
X X

X

X x

X x zz x

O. Eunicida

X X

X Xzz X X

Table 6 - continued

F. Scalibregmidae
Scalebreqma inflatum

F. Maldanidae
C!yaenella tozquata
S'ymenella sonata

Opheliidae
Ammotryvane auloaas ez
Ophe lie Li cornis
Gphe 7ia z!enticu7ata
Tr avisia caz nea

Spionidae
Po jydcra ltonz
Po 7y aoz a oi 7iata
Polydora sp.
Prionospio malmgreni
Sco 7 e lepis szluamata
Sco lecolepides vi ri ais
Spio fi licornie
Spic setosa
Spiophanes bombys
S zeblcspio benedicti

F. Paraonidae
Ari cidea eueci ca
Paraoni s 'yra

F. Chaetopteridae
Chaetopterue variopedatus

F. Sabellariidae
Scbe l lari a v u 7 paris

F. Onuphidae
Diopatra cupzea
Qnuphis eremita

F . Lumbzinereidae
Lumbr1neris fraoi lie
Lumbrineri s impatiens

a b c d e f g h i

X X X
X zz

X X X
x x

X X X X X
X X



Taxon

K K
X

Nagelonida

X X X

0. Ariciida

X
X

X XX X

X X X

X X XX X
X

X
X X X X

X
X X X X

X
X X

X
X XX X

30

Table 6 � cont.inued

Lamb r inc z i s senuis
Lumbzineris acuta
Lumbzineris bre~ i pe
.Vi noe. ni gr i pcs

F. Arabellidae
Lzri r'.one»eis Long z
Bot ocirrus epi ni ferus

F. Nagelozzidae
!/age lor. a r csea

F . Orbi nii dae
Orbinia o nato
Drbinia egani
S o Lcp Los rob us tus
Jco!,op los rragi lis
Sco!op Los armi ocr

0. Ci rratuli da

F. Cirratulidae
Cirzatr ius gzandie
Cirro t ut us ci r»at us
2'haz F z acutus
Dodeeaceri a oralii

0. Terebellida

F. Pectinariidae
Pectinazia npperborea
Pcctinari a goutaii

F. Ampharetidae
Amphaz etc az ctica
Asabelii des ocu iota
Amphi cte 's gunnezi

F. Terebel lidae
! ico!ea venustuLa
Po!.Fcirrus phosphozeus
Pot,gci r r us equi mi ue

0. Flabelligerida
Pherusa affinis

a b c d e f g h i

X X X K



Taxon

0, Sabellida

X X

X X X

X XX X

31

Table 6 - continued

F. Sabellidae
Babel'.a microph halama
Zuchose rubrociscta
Potami 1 ia remi formis

F. Serpulidae
HBarsides dianthus
ProtuLa tubuiaria

P . Arthropoda  C rus taceans !

Sp. Chelicerata

C. Merostomata

0. Xiphosurida

F. Limulidae
Li mucus polyphemus

Sp. Mandibulata

C. Czustacea

Sc. Cirrepedia

0. Thoracica

So. Balanomorpha

F . 13a lani dae
Ba bonus eourneus
Balanus cresatue
Balarus impr ovisus

S c. Kalacos tr aca

S0. Peracarida

0. Cumacea

F. Bodotriidae
Ceptoouma minor

a b c d e f g h i

X X X X X



a b c d e f g hTaxon

X X
x
X

x

Q. Zsopoda

X X X

X X
X

Table 6 - continued

F. Diastylidae
5'lac.p '."'a p
D~ceth 2"�e ecul: tc
C.".ht nocti. lie ami th~.

0, Tanaidacea

P, Paratanaidae
Leptoche l'c .<2 turn

So. Anthnridea

F. Anthuridae
Cuothur o po'~. t.

So. Flabellifera

F. Cirolanidae
C rolona cor.chc~um

So. valvifera

F. Zdoteidae
Chi >i do t eo coe co

h~sidotec tu, tei
Edotec t.»i lo&a

0, Amnhipoda

So. C'ammari dea

F. Ampeliscidae
Amoel~eca

macrooephzlc
Ampelteca uodorum
Bull's eenwata

F. Aoridae
Mi erode u t op ca

Sr P 2 iota 2 ps

F. Corophiidae
C'o~oph7',um

tui>esculatum

X X x

x x x x

x X X



Taxon

F. Gavmaridae
"Lasmorus Laeois
Cammar us mu ronatue
Cammarus annu7atus
Cammarus ooeanicus

X X
X

X

F. Haustoriidae
Pathyporeia

quoddyensis
Bathyporeia parkeri
Protohauetorius

deichmannae
Pro tohaus toriue

vipleyi
Parahaustori ue

attenuatie
?arahaustorius

ho lmesi
?arahaus tori ue

2ongimerus
Acanthohaus tor ius

in ezmedius
Acanthohaustorius

mi Llsi
Acanthohaus tor i us

spinosus
Pseudohaustor i ue

borealis
Pseudohaustori us

caro 2 in i en s i s

X X

X X

X X X

X X X X

X X

X X X X X

X X

X X

X X

F. Ischyrocerida
'schyroceroe

anquipe s
J assa falcata

F. Lill!eborgiidae
7is tri e 27a sp.

F. Lysianasaidae
metonym nobilis

1:ippomedon esr ratue
Anony" Li LL sborgi

X X X

Table 6 � continued

ynciola serrata
Jnci o ' a ir rorata

a b c d e f q h i

X X X X
X X X X

X X X X

X X
X X X X



T axon

x x x

X X x x

X X X x x x

x X

O. Rys i dace a

X X
X X

x x

SO. Eucazida

O. Decapoda

lo. Caridea

X X X X X X X x

Table 6 - continued

F. Oedicezotidae
.~innocx7.>des

ed >ardri

F. Photidae
Photic mo rocnzc
Poaocer ovs~ s
~eptochei xie pinovis

F. Fhoxocephalida
Phomocephcxve

hollo/.xi
F,rapho~~s

epinos as
Tri chophomvs

epistomas

F. Stenothoidae
Stenothoe cvpri =
Stenothoe minuta

O. Caprellidea

F. Caprellidae
Acgine l 'a spinoso

F. Rysidae
%comus 's americana
Hetsxompsis gormoso
9Fs".s mimta

F. Czangonidae
"rangoon

septemspinoeo

Io. Astacidea

F. Nephropaidae
Homarue amex oanvs

a b c d e f g h i



Table 6 � continued

Taxon

! o. Anomzzra

SF . ? aguroi de a

! o. 13r achy nra

S. Oxyrhyncha

F. Maj idae
ribini a

emargi nata X X X

S. Caner idea

X X X
X

X X X X

S. Brachyrhyncha
Caz'ainus maenas
OValip88 OC8 llatue
Callinsctse eapidue

K
X X X

X X
X X X
X

F. Xanthiidae
Pancpsue hezbstii
Vsopancpe tsrana

sapi
Eerapancpeue

an q us ti,+ r one
.'tithropanopsus

harrisii
Eurgpanapsue

dsprsseue

X X

P. Molluscs

Sc. Prosobranchia

35

C. Gastropoda

F. Paguridae
Paguz'ue

lcngicarpue
Pagurue

pal licazie

F. Cancridae
Cancer izzczatus
cancer bcrsalie

a b c d e f g h i

X X X X X X



Taxon

X X

X X X X

X
Y. X

X X X X
X

X X

Table 6 � continued

0. Kesogastropoda

F. Lacunidae
Lacuna cinema

F. Litto inidae
2i.tcrina l t ter sc

Pyramidellidae
Turbo»i lla e2sga»tria
Pv hami de 2 l a fus ca
odoetomia sp.

"alyptraeidae
rrcpi du l - for»"'casa
C.»epidula p la»a
L.auci o u '. um s *si a ~ um

F. Naticidae
F0 2>nz css duv lt car up
Lunatic heros

0, Neogas tropoda

F. Muricidae
Unosalpinz ci nsr sus
Zu." l su r a cauda s a

P. Colujnbellidae
Bit>ella lunata

F. Helongenidae
3usucon cue~a a
Busu con canc li 'u l at u,.

F. 14assariidae
iVass -z i us tri vittatus
Rassa "i us ebs o '. e t us

Sc, Opisthobranchia

0. Cephalaspidea

F. Fetus idae
Retusa canaIiculata
Rstu a obtusa

O. 2<udibranchia

b c d e f g h i

X X X
X X

X

X
X X X ?c X



Taxon

So. Dori dace a

x x

C. Bivalvia

X X

x x x x x x
x

x x

x x
X

37

Table 6 � continued

F . Cor ambi dae
Cor ambs obscura

F. Lamellidorididae
Adalaria prozima
Acantaodoris pilosa

Sc. Prionodesmata

0. Protobranchia

F. Nuculidae
iVucula pr o=ima

F. Nuculanidae
Zo ldia 'limat u la

Sc. Pteriomorphia

0. Pteroconchida

F. Mytilidae

.9p ti lus edu li 8
!1odi o l us demi ssus
Rodiolus modiolus
C'renella decusSata

F. Ostreidae
Crassostrsa virgisi ca

F, Anomiidae
Asomia simplsm

Sc. Teleodesmata

0. Heterodontida

F, Astartidae
Astarts castanea
Astarts undata
Astarte borealis

F. Arcticidae
Arctica islasdica

a b c d e f g h i

X
x x
x



Taxon

X K X
X

X x x

x x

K K

Sc. Coleoidae

0. Teuthidida

X x

Table 6 � continued

F. Cardiidae
Csrastodsrma ptnnu2atr s

F. Veneridae
.Merosnaria merosnar-'-a
Gemma «erne,a

F. Petricelidae
Petri oo2a pho2adtformt's

F. Nactridae
Spisu2a so 2 aissima
.Vu2i nba 'Eatsra2is

F. Tellinidae
e'' na agilita

Racon a ha2thica

F. Solenidae
Solen sirius
8'nsis 4 'rsatus

";2iqua oostata

F. l'5yidae
arenart'a

Sc. Anomalodesmata

Q. iudesmodontida

F. Pandoridae
Pandora gou2diana

F. Lyonsiidae
f�'ons 'a hyatt na

C. Cephalopoda

F. Loliginidae
~To2~ qo pea2Bi

Echinodermat a

C. Echinoidea

a b c d e f g h i

X X X X X X
x K

X X X X X X X X
x

X x X
X



Taxon

x x

X XX X X X

So. An as ca

Table 6 - continued

0. Arbacioida

F. Arb aciidae
Arbacia vurctuZata

0. C lype as teroida

Echinar achnidae
8'chi~arach~ius par a

C. Stelleroidea

Sc. Asteroidea

0. Forcipulatida

F. Asteriidae
Asteri as forbeei

P. Ectoprocta  Bryozoa!

C. Gymnolaemata

0. Ctenostomata

Alcyonidiidae
2 Lcy oni di um po Zu ourn

F. Vesicularidae
Bouerbankia graci Zis
.4mathia viacvici

0. Cheilostomata

F . ttembraniporidae
iyembrani para ten ui s
Conoveum «eticuZum

F. Electridae
BZectra sp.

F . Bugul idae
BuguZa turrita
PuguZa sp.

a b c d e f g h i

X X



Table 6 - continued

a b c d e f g h iTaxon

So. Ascophora

F. Schizopozellidae
Zchizooore~la unioorniz

F. Cheiloporinidae
Cruptozula palEazizna

Unidenti. spp. X X

P = Phylum; C = Class, Sc = Subclass; SO = Superordez; 0 ~ Order;

So ~ Suborder; Zo ~ Infraozder; SF ~ Superfamily; S = Section;

F = Family

40



fig. 1S: Approximate 4Xstions ot stations sampled by Watfbrd �971!. Original map not available.



gammarid Amphipoda species � - Jxc''o la

serrate! compared to other unpolluted er-

vironments which commonly report 21 to 200

species  hlote: 1 mm screen used! . In a

number of other qualitative stations

sampled by dredge hauls, Walford found

apprOXimately One !~reread~»i.c me»Cenrrr',a

 hard clam! per 170 ft' �6 m-! . Haskin

�962! and Campbell �967! also report

that hard clams are not uniformly distrib-

uted in Lower and Raritan bays. Walford

indicates that Ropes and Hartin �960!

working on the Hantucket Shoals found sim-

ilar dersi.ties, which they considered as

being very low. Walford found extensive

beds cf empty Pfva crerraz".'c  soft clam!

shells and only one live individual. In

contrast, Dean �975! reported that this

species was very abundant in his 1957 to

1960 surveys.

Presence of species recorded by

Walford �971! are checked in Table 6 and

his data are tabulated in Appendix

'I'able 1.

Dean and Haskin �964! Stud

Dean and Haskin �964! reported on

invertebrate distributions at 20 stations

taken in the lower 20 km of the Raritan

River estuary between 1957 and 1960

 ..ig. 14! . They obtained a total of 69

samples by Petersen and vanVeen grabs.

During 1957, prior to Sewage abatement, 17

raa ine 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 number of marine species declined

slightly. All of the marine taxa �7

total,' they recorded during the study are

checked in Table 6. The quantitative dis-

tributions of marine species  ¹ m ~! are

Listed in Apoendix Table 2, All of their

quant' tative sarsples were collected during

the summer months  June to August! . The

authors indicate that it is tempting to

conclude that pollution abatement caused

the increase in diversity and abundance,

Dean �9 7 5 Study

Dean �975! sampled the macrobenthos

at 193 stations  Fig. 15a,h and 16a,b! in

rhe Lower Bay Complex by Petersen and

vanveen grabs between 1957 and 1960. All

of the stations were sampled during the

summer rronths. bean reported in detail on

the abundance  or presence! of the 30 most

prevalent species encountered i n his sur-

vey, hy station number  see Appendix Ta-

ble 3! . He 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

hot.orr; of each station listed in Appendix

Tahle 3  Total ¹ m ', ¹ species quantita-

tive, Total ¹ species! were comp'led 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-

t.iona was used to draw a species richness

map of the Lower Bay Complex  Fig, 17!.

Included in this map are data from

Transect 4 from Steimle and Stone �973!

and Brinkhuis �977-1979 unpublished

samples!. The species richness map indi-

cates that most of the Iower Bay area,

hour. decI by Staten Island, Chapel Hill

Charnel, and t.he Raritan Bay Reach,

has great.er than 20 species m of station

sampled. The principal exceptions are

three areas  labelled A, 8, and 0 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 �66 and. 251! sampled by Dean

before dredging in areas E and C each con-

tained 29 species m '. Host o the lower

Raritan Bay contains 10 to 34 species per

station square meter. Species richness i.n

western Raritan Bay is hiqhly variable,

ranging from pockets of < 5 species m

near the Raritan River and Arthur Kill to

pockets of < 25 species.m '. Generally,

the number of species m ' is between 10

42



ptg, ta: Statldna Sampied by Dean Snd Haekin�964! in and at the mOuth Of the Raritan RiVer, Atter Dean and Haakin �964!.



FIB t5: Raritan Bay rnecrobenthos survey.1957, t958 statior. locations. From Qeenit975!.
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and 20 in most of western Raritan Bay.

The East Bank area, east of the Ambrose

Channel, contains 15 to 25 species.m-',

with the excepti.on of the area extending

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

the East. Here too, < 5 species.m ' are

found in an area actively dredged between

1972 and 1976  see Brinkhuis Study for

discussion!. One station �71! sampled by

Dean before dredging contained 44

species-m ', the highest i'ichness reported.

in the Lower Bay Complex. Insufficient

data are available to plot species rich-

ness for other areas shown in Figure 17.

McGrath �974! Stud !

McGrath �974! 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 �! 0.1 m' Smith-

McLntyre 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. �979! 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 �974! .

The patterns of species diversity in

Figure 19 are similar to the patterns of

species richness presented in Fiaure 17.

McGra.th reported that the average

number of species per sample was 4 and the

average number of individuals was ll. No

sample contained more than 138 individuals

�,380 -m ! and one station �1! was com-

pletely azoic at the 1.0 mm level.

McGrath calculated an index of common per-

centage overlap between statio~s, from

which he determined that there were three

areas of generally higher af finities  'n

nearly all cases, 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 Rarita~

Bay, near the mouth of the Raritan River.

The second area was north of the Raritan

Bay Reach channel. The final. group of

stations �2, 49, 17, 85, 87, and 88! lay

south of a line from the tip of Sandy Hook

to Point Comfort. 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 TeZZina ay-.'Z s

and two polychaete worms StrebZcspic bene-

dt'ct".' and Ãephtys bucera. The onlv other

bivalves in this community are juvenille

SntsuZa saZidisstma and a few,vuZfnia

Zatera Z s. Sixteen species occur as a

major fraction of at least one station in

the community  Table 7! .

McGrath's Community 8 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 bluiint'a

ZateraZfs, fsep'nt4s bucera, present in

Community A, is replaced by its congeners.

The mud snail l!assarias tr".'vittatus is the

only organism abundant in both communi-

ties. Community A is prevalent in the

area defined as 'ewer Bap Sands, while 8

occupies west Raritan and Sandy Hook Bay

muds  see Fig. 18! .

McGrath found no Arrpe Ztsc  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 al . �970! de-

scribe the sensitivity of Ampeliscid am-

phipods to low concentrations of oil. The
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Table 7. Compositicn cf Raritan Bay  and
Lower Bay! sana cc missa ' "; A . Percent oc-
currerce as major  ! 10%.! fracti.on of sam-
ple  from McG. eth, 1974! .

Major
fractionSpecies

'tua ao"- ts

S t r e b 2 o s; i o b e s e '-.'. c t -.'

Itepht::s buaer

A'e me r t e a s pp .

I ass "rfus tris= t-=a'

32', cera «ibra".cuiata

Prot, hasetorius .' deichmaneae

5:. ic .' sc tosa

63. 6

36.4

31.8

22.7

22.7

22.7

18.2

13.6

o J sacra iten

Sc o 2 e co 2:-.;. i de vi ri ct'i e

~1'ep n tye sc isa

,Ya '5'.ia lat era lis

Zdotea montosa

9.1

9.1

4 5

4.5

4.5

4.5

Pararhozus esistomss

4 '"n-i;ohasstor .,vs r~;2 I e=

Spl su la so'".'ii =,sima

Table 8. Composition of Raritan Bay rnva
onrearity. Percent occurrence as major

 ! 10%! fraction of sample  from McGrath,
1974! .

Major
fractionSpecies

Mu 2 isia Ia ter a li s

Itassa2 tas trtvtt tutus

!Iephiys ncisu

!!e htys Ficta

!!ie p h t 8 s 'a e ca

68.7

25.0

18.7

12.5

6.3

6.3Venhtye bu era

/ starts borea.is 6.3

6.3

6,3

6.3

Pec+inaric aou ldii

Der tochel" a eauianvi

!fercenaria mcrresaria

found large numbers at some of his sta-

tions sampled between 1957 and 1960  see

Appendix Table 3! . Bowever, Dean's data

do show a trend of decreased abundance of

A~ipelisca in western Raritan Bay. The

lack of lmpeli:ca in McGrath's study may

be due solely to the fact he only col-

lected  reported on! wi.nter samples.

lack of Arpe2isca in his samples seems to

contradict the findings of Dean �975! who

S=eirrle and Stone �973! more commonly

f und ~~oel sca between April and October,

with few repcrted during winter months.

The greateet deneitieS iOund by Dean were

a'. s at'ons just south of Great Kills Har-

bor  Staten Island!. Further, Dean found

t»at the bivalve PIya a»enaric was much

more common in West Raritan Bay Huds than

Fa! 'ii= iaterali s. Both of these species

are known to undergo large annual varia-

t'ons in density. Ãa'.inia is especially

known as an oppor ~»ie .' species, which

may be present one year in 100,000/m' and

gone the next  Calabrese, 1970! . McGrath

corcludes that the area he sampled is an

impoverished one.

Woodward-Cl de �975! Stud

Hoodward-Clyde �975a! sampled a sand

borrow and adjacent area on the East Bank,

scuth 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 credging

was in progress. Woodward-Clyde �975b!

also conducted a post-dredging study,

which will be considered in the section of

r>y Shipek grabs � 04 m'! were screened

nrough an 0 5 mm mesh. Species richness

rang d from 4 to 25 taxa per sample, with

a mean of 11. Densities ranged from 8 to

6,604 individuals  not per species! per '

sample, with a mean of 649.

The 24 trawl samples � each sta-

'. on'! retained  by an 0.5 inch bar mesh!

1' benthic species. Diversity ranged from

to 5 pecies per trawl  mean 3! and

densitres ranged from 1 to 50 individuals

 not per species! per trawl. The 22 clam

drecge samples retained  by 2.5 i.nch mesh!

this report dealing with environmental

effects of mining/dredging.

Woodward-Clyde sampled the benthos by

Shipek grab, clam dredge, and otter trawl

at eight stations  Fig. 20! . Station 2

was apparently directly d'sturbed by

dredging activity that had taken place by

June, 1975. Sampling for fauna was begun

at these eight stations in June, 1975.

The 24 samples � each station! obtained
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Ftg. 20: Stations samples by WoodwerchCfyde t1975a! for predredglng studies on the 5est Bank. Shaded area wae actually mined
during June, 1975. From WoodwardClyde �975aj



only 9 species, Only 14 of 22 samples

contained any invertebrates. Individual

hauls contai.ned as many as 3 species and

45 'ndividuals  nc per species!

total of 51 invertebrate taxa was

identi.fied to genus or species and these

are included in Table 6. The infaunal and

epifaunal in~ertebrates were dominated bv

bivalves and polychaetes. The number of

organisms m ' and number of species at

each statio~ are summarized in Appendix

Table 6. The data reported for the borrow

area  Statiors 1 � 4! indicate fewer nurrkers

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 be ascribed

to a dense bed of small blue mussels,

along with a host of predators  small dec-

apads! . The remaini,ng fauna at Station 6

was rather sparse and typical of other

stat'ons. Station 7 contained 500 more

species than the mos diverse samples from

orher stations. Pclychaetes and amphipods

we=e diverse and numerous. Possibly the

high level of organic carbon in the sedi-

mients at this stati.on is the reason.

waodward-Clyde conclude that. the other

station samples yielded diversity and

density comparable to other sand communi-

ties reported in the literature, and that

this area of the Eas Banh wae not

i.mpoverished.

Steimle and Stone

Steimle and Stone �973! reported on

a study conducted by the Sandy Hook-

Northeast Fisheries Center along the sou h

shore of Long Island  Fig. 21! . A total

of 39 statiors w s sampled by Petersen

grab repeatedly at monthly intervals be-

tween 1966 and 1967 . Only one transect,

of six stations lies within the Lower

Bay Complex boundaries. This area is

commonly referred tc as the East Bank.

Steimle and Stone reported a total of 145

taxa for their entire transect study, en-

compassing 11 mon hly samplings, In

Area 4, a total of 70 taxa was found.

The taxa recorded in both x and the

iemainder of their survey are checked in
Table 6 .

Transect ' had the greatest abundance

cf organisms recorded  see Appendix
'Iable 7!. The area was not, however, the

most diverse, In all transects, there

generally was an increase in divers' ty
wi th ar 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  .'Pit 'us ed~!is! . If mussels are

disregarded Transect A would, i.n fact,

have ahundances comparable to other sta-

tions. The range in number of taxa in A

wss '9 to 35 species. The greates number

oi taxa recorded at any station for the

year was 54. The total number of taxa re-

corded in 4 was similar to that reported

by Woodward-Clyde �9 75a!; however, there

were differences in the taxa recorded.

The greatest number of taxa and individu-

als in > 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--the medium sand assemblage and the

h!ytf l~s eiu '-'s aggregation. One other,

the fine silty sand assemblage, was not
found 'n Transect 4 . The dominant organ-
isms in the medium sand assemblage are

p=esented in Table 9 and the species

associated in the iY�.i 'fus e iu! s aggrega-

tion are listed in Table 10. Usually, the

medium sand assemblage inhabited the sands

under t!;e mussel clumps ..fast of the mus-

sels collected  95%! were approx' matelv

1 cm in length. The mean numbe" of ani-

rials m ' in the medium sand assemblage of
4 was 209, with a mean of 24 species.
Brink!-.uis �977-1979 Study

Betw er 19:7 and 1978, Brinkhuis

obtained Shi.pek grab samples at a number

cf locations on the East and  <est banks of

the Ambrose Channel  Fig. 22! . Six grabs

were obta' ned at each of 40 stations. The

samples from each station were pooled and
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fig. 22 Sttrpek grab sam pres screened tor invertebrates by Snnkhtrrs behveer t 977 end t 976. From Swartz and Snnkhuis �979k



Species

e :na aSe.r,s bivalve

pr o=ohaussor csr
der',ahmannae

burrowing
amphipod

sand dollars hr.ncr'c hr ue parnra

6'nolo "a ''r sonata tube-dwelling
amphipod

surf clam

cumacean

amphipod

amphipod

amphipod

polychaete

polychaete

polychaete

Species

blue musse1

polychaete

polychaete

polychaete

polychaete

crab

anemone
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Table 9, Steimle and Stone's �973!
medium sand assemblage found in Area a on
the East Bank, Stations 3 and 6  and pos-
sibl; 4! .

Sp 'sxla so 6 dr',ss:tsa

Also frequently associated

be"toauma m"nor

'.". s n o ha us -'o r r, us mr, . l s r.

n: chop ho@as e,-; s somus

.Vonoae'odes edwcr dsr'.

irene lar'.s 2 im7',cola

|4r.on ner r'.s fr acr'. lr'.s

-.p='"-"hanes bombs+

Table 10. Steimle and Stone's �973!
.'rrirr'.axe edul s aSSembIage faund in Area A
on the East Bank, Stations 1, 2, ar d 5.

.'>p-.i les edcl s

Sar woshoe eatensata

S rmctnoe imbrr'acta

.7ene. s suaa".nec

f ep~'donasus saaamatxs

."Jeopcnope tszana

.v e ~ r' 6 d ' c m s e n -' l e

sieved through 1 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 4, 8, C, and 0. 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 �978!.

Invertebrate taxa recovered from

these samples are listed in Table 11 and

12  East and West banks, respectively!,

Each table is subdivided 'nto stations

affected by dredging Tin actual holes

themselves! and those unaffected. The

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 �0-90%! 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, 1978! . 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 Eeet

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 abundance than that

reported by Woodward-Clyde �975a! and

Steimle and Stone �973! .

Brinkhuis �979-1980! Stud

Brinkhuis is currently conducting a

faunal 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 establishedr 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 wr.th stations

spaced at 200 m intervals. Three Shipek

grabs are obtained at each station. Each

station's sar p'es are pooled and sieved

through 1 mm scree~a. Samples are



Table 11. Taxa found by Brinkhuis  li'?7, 19,8! in East Bank statior s. Data
are $.m-' from six pooled Shipek grab per station. Numbers in   ! below
station numbers are depths in feet below mean low water.

Stations

Dredged

5 10 20 1515

1020

Cpat huz o -..o Zf to

Amphipoda

C?orison
se, temsptuosa

Dug ZZpes
o"eZZatus

.7h.'si.ro",.ohio", eus
agI'2'4 8 s 5

?<uti Zus eau?.i s

7?o.ssazius
o&soletus

15

Total 4 species 1 4 3 4 2 5 3 1 0 1

Total 4.m 5 40 15 30 10 50 45 5 0 15

Nematoda

Fteoae sp.

'aon~od02 sp

Ae ntus sp.

A'evens sp.

Astezfas , orbesf

Ammodutes
omar? canus

 sand lance!

5 6 7 24 25 25 32 36 37 39
�9! �6! �3! � 5! I'37! �0! �8! �5! � 5! �0!



Table 11 � continued

Stations

Not dredged

15

25 10

10
Crangon

septeesp- nosa

Cvalipes ooeZlatus
.~hi tnropanopeas

nar ris" i

!
 ti burrs edrr L s

,Vassari «s obsol et~ s
Asterias for besi 10 25

25
A~raodrrtes amerioanas

 sand lance!

Total ¹ species
Total ¹ m-'

57

Nematoda

=scone

2o ni aa'i a sp.
!1ephvps 'sp.
r7ereis sp.

Cga thz'ra pol ita
Amphipoda

22 23 27 31 33 34 35 38 40�6! �5! �5! �6! �8! �5!  I2! �5! �8!

0 3 I 2 I I 2 2 0
0 45 25 15 25 40 IS 15 0
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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 gammarid Amphipoda

Woodward-Clyde �975a! reported 13 and

Dean �975! reported 6 species of gam-

maridS. TheSe preliminary reeultS

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  !!'ptf Ius

edulis and ."4cdicIus mcdicIus! .

Miscellaneous Re rts

A number of sporadic samplings, pri-

marilyy to determine shellfish distribution

and abundance  <Ver cenaria mer cenarfa and

r'Jya arenarfa! has been reported. In the

early to middle 1800s, the hard clam

,Vercenarfa mercenar7',a was harvested com-

mercially from Raritan and Lower bays.

Goode �887! indicates that by 1880 shell-

fishes obtained from Newark Bay tasted of

coal oil and were unsuitable for sale.

Jacobson and Gharrett �967! report that

the harvest Of shellfishes in Raritan Bay

peaked in the late 1880s and maintained a

high level until about 1945, when a grad-

ual decline in the harvest was noted.

Cluming �917! stated that significant

populations of oysters  Cr aescssrea ufr-

S~nica! were under cultivation in the late

1800s and early 1900s. Nelson �916! pre-

dicted a decline in oyster abundance as a

result of copper and industrial poilu-

tants, The oyster has now virtually

disappeared from the area. A small popu-

lation has been reported recently off Ward

Point, Staten Island  MacMillan, personal

communication! . It nas also been reported

that bay scallops were once common to

Raritan Bay,

Haskin �962! and Campbell �967!

reported on the distribution and abundance

of Plercenar".'a me»cenar a in Raritan and

Lower bays. Both investigations reported

the paucity of juveniles  < 1" in length! .

There are apparently larger numbers of

commercial-sized clams in the northern

half  above Raritan Bay West Reach! of

these bays. Paucity of juveniles was

ascribed to pollution problems. Dean

�975! reported finding only occasional

specimens of hard clams at six of his

stations during his 1957 to l.960 sur'vey.

All of the Lower Bay Complex has been

closed to commercial harvesting since 1961

due to industrial and coliform pollution,

as well as outbreaks of infectious hepa-

titiS  MaCMillan, perSOnal COmmuniCatian! .

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. Few clams were

found in the western portion, while the

highest densities were found just south

of the Raritan Bay West Reach.

Ffehee

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 �965! identified 20

species of endemic planktonic fish eggs

and larvae  Table 13! that occurred in

Sandy Hook Bay. A fairly complete list

of fish taxa caught in the Lower Bay Com-

plex, consisting of 71 species, is shown

in Table 14. Thirty-three of these taxa

are caught regularly  see Abundance
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Flg. 24: Map showing abunttence of hferoenerie mernenen'e ~n e 1970 rtew York stets Dettsrtment ot Environmental conservation
survey. From rtendrtokson tpersonet cotnmuntostton!.
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;Mole 13. Species o' fash eggs and larvae and months or
occurrence in Sandy Hoor. Bay  from Croker, 1965!,

Occurrence

Species LarvaeEggs

Nov.-Dec.;",nv Vgafit: q t j nona afi ?lay-June

?'uaau ia. e< aa isa"fi' ?" 1>larch-?b'av

r. n c 7? 0 2 w?. t c 7'. T r ' 5 June-Sept,

4Iar ch- J une

May-June

ngfi t nr

:"fi??.iu 7 ~a Afi ' fir .c'.?'.tvfi June-July June

E??aha.'iorafi c.'? b??'.afi

; fi,'. ' 'zc?? 4 vs v pc??fi

:9?p�-cc "m" afi enect 7S

g 0 g n 2 t 7? l 8 f 'A fi c,w o

Ptcrvpoga?? aacu k "tae Nov.

Sr,; t.'fi July

GJL' "='=-, sp Aug.

~tv SP ?b'av-June

SP

aa .~t.fi ~c nas

' vs n" a n 7'u

.Yfi a: d.' ".. ~e r. ' j~.',�-

..'0 0-~l»~vs uckcswfi May-June 'une

April-June

June-July

.=fifi 9" 7a~? -se "ta= -.":fin.'c=aua

June

Apri 1

June-April

May-July

March-Aori l

March-May

Julv

May-July



Table 1A. List of fish species reported for the Lower Bay Complex.

Cor%161 nsr leTaxa Occurrence

Carcharhinidae
Rusts lus can 's smooth doc ish  summer !

Squalidae
Saua '.us acantn' as  uncommon!spiny dogfish

Rajidae

Ra,ia e," ilantsrv
1>ttle seats
clearncse "kate

 uncommon!
 uncommon!

Dasyatidae
vatts centroura rougl tail etingray  uncommon!

4ci penseridae
Ac'tenser =«evirostrum
Ac'penser z=prhiqnchus

  un common !
 uncommon!

shortnose sturgeon
AtIar.trc .. turgecn

Anguillid*e
Anou='!la "os.rata American eel

Congridae
Conocr ocean lou  un cor zion!conger eel

Engraulidae
Anchoa hepse ue
A»choa
Znarau i=s eu. uc o:e

  un comtian !
 summer- f a11!
 fall!

striped anchovy
bay ar.chovy
silver anchovv

Synodontidae
,nodus roe ens  uncommon!inshore Li.".ardf ish

Batrachaididae
OiDs anus tau   un common !oys er toad ish

Lcphiidae
Lapham us c.weri canus  uncommon !goose '=sh

Atlar.tic silverside  fal.l-spring!

 uncorrznon!
Gasterosteidae

Casterosteus aculeatus threespine st' c! leback

Clupeidae
A l os a ass t.va lt's
A toea cud-'ocrfs
Al.osa pseudch-rescue
Alosa sap~dfssvmc
Brevoortfa tprannus
Clu. e hcs en�;.us harenaus

Gadidse
Encheluopus f mf rf us
Herlucci us hilt'ne rt's
Po l la .hi us v-'rens
Urc phd ".'s chuss
dropitucfs repius
Prophase.'s tenufs

Atherinidae.
F>estd' a eenid' a

blueback herrir.g
hickorv shad
alewife
America-, shad
Atlantic menhaden
AtLantic herring

fourbeard rocklrng
silver hake
pollock
red hake
spotted hake
white hake

 all year!
 uncommon!
 all year!
 fall-spring!
 all year!
 fall � spring!

 larvae only!
 fall-spring!
 larvae only!
 all year!
 all year!
 uncommon!



Table 14- continued

OccurrenceTaxa Ccmmon name

 late summer!
 late sum i.er !

?-e "tv.
8 «8

Cyprinodontidae
P'.'.,'d?i 1?? he per'o c t? ' 3 mummichog  larvae only!

Perichthyidae
,?,'or o>? e a~e! oa>?a
.'1 none sa=atf'.fs

 un common !
 summer!

white perch
striped bass

Serranidae
Cent! opr f st 3 e t> ~.'ata  uncommon!

Pomatomidae
o '?a pi".?? 3 8 a L a t!" bluefish  summer- f all!

Carangidae
VOm ! septa t>?nfs
Se lese oi,e n

Pomadasyidae
On n !' e. je c'nn".eoptera  uncommon!nigfish

Sparidae
te>?pea~us e>?>tsape scup  porgy!  summer !

9'l 3 '«n a

 uncommon!

Labridae
 fall-spring!
 fall!.-«taaO.:ab."ue aaepene??s

 gugi lidae
Yuat white mu11et   uncommon!

Uranoscopidae
Aa t! o coop;<s - it t= s.is   un commo n !

Pholidae
?no..e ."..nnel'.i!3 rock gunnel  fa!.1!

:".r.urody i dae
, +.> . !n 'an 4'  fall-winterl

COmorldae
rt 3 T f Au   un c ammo n !

stromateidae
e ~ 1'' S3 " ""?n t!?ue  all year!butterfish

Syngnathidae
?. ppo"omrue e

Sciaenldae
f a? 8?'t e t '. a c!!
C�isoso on rep
' e? O-ta.-.as =a
amentia ? rajas
,>,' = " r o p o: o n u n

Ch ae todontidae

ai? 3
nt!r«ass
sa atE it8
a« i,

lined Seahorse
northern p-'pefish

black ea bass

atlantic r.oonfish
lookdown

silver perch
weakfish
spot
northern kingfish
Atlantic croaker

spotfln butterflyfish

tautog !blackfish!
cunner

northern stargazer

Ar eri can sand lance

Z. tl ar tl C ma Cke. e 1

 Sept.-Oct. only!
 uncommon!

 fall only!
 summer-fall!
  fall!
 fall!
 uncommon!



Table 14- continued

Taxa Coru".on name C'ccurrerce

Gobiidae
aoby~o "ac's opa sp

riglidae
one' ac oano' inus

F.-. o;-.=ti s su".ass

Cottidae
dc~i n' f

c "ooet
amenioanss
aeeaeus

c.' v"~' s
ha i. iis
ha'.as

sea rav r,
grubby

.Y.i o "o e r
e sp
a i us

adios us
8 0 ' asYu -.=- "e

aoucs43

Pleuronectidae
Ps e '.i dop le u "one c res

aesriocnss  all year
Balistidae

4 liiter ~ s scheer fi
,Yonoaaiithus hispi due

 uncommon!
 uncommon!

Diodontidae
Chi loriiaotsrus sohoepfi

Tetraodontidae
Zphoezoioes eaav7.atws

66

Both! dae
t s a 2' i. 0 h t h i' s

'h th:as
on!i t ha 1'iias

c p + ' fear
"tonus
aeY't "t as

northern sea obin
striped sea obin

longhorn sculpin
shorthorn sculpin

Gulf Stream .'ounder
smallmouth lounder
summer flounder
windowpane

winter flounder

orange file=ish
planehead fi.lefish

striped burrfish

northern puffer

 larvae only!

 summer!
 summer-fall!

 uncommon!
 summer- f a 1 1 !

  f al 1-winter !
 uncommon !

 uncommon!
 fall!
  all year!
 all year!

 uncommon!

  summer !



column! during some time of lrear and at

more than one sampled s atron. Smith

�976! states that, despite the us. s and

abuses of the Hudson River estuar r, - here

are r,.ore species in these waters rrcw thar.

wher. Henry Hudson arrived in 1609.

There have only been a handful of

reports dealing with fishes in the Lower

Bay Complex waters. Breder �922! pub-

lished the first extensive report. on the

fishes i.n Sardy Hook Bay. He followed

these up with yearly studies � Breder,

1925, 1926, 1931! ard later described the

fish species in 'Hew 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 information

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 study of fish distribution

in Sandy Hook Bay. Wilk et al. �977!

present the most, and only recent, compre-

hensive study of fishes in the whcle of

the ' ower Bay Complex. These two reports

and data from work 'n progress by the

present author form the basis for the list

o species in Table 14. The following

describes the seasor.al occurrence and

abundance patterns based or, the studies by

Croker �965!, Wilk and Silverman t1976!

and Wilk et al. �977! .

Croker �965! S~tud

Croker �965! noted a gradual

increase r.n the number of spec' es of eggs

ard lar rae through the spr'ng to a peak in

summer, followed by a decline in the

fall and winter. Seve.". species: .4x:a.n.' 'i

'n'. r:.!'. r. s! . 8e'« ' . s rrnne'ctez

and .'Isx; ': -=-:: -;=. comprised 98%

of all 'arose collec ed. The 'ar.ae of

were most ubiquitous and ex..it-

ited = markec diel periodici , in

abundance in surface wa ers.

According to Wilk et al. �977!, sea-

sonal samples from stations in Sandy Hook

Bay  see Table 15--Areas ', C, p,

and:"! indicate higher numbers of thc-. sarae

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 Wilk and Silverman �976! that

was conducted between July and October in

Sandy Hook Bay ir,dicates a simile trend.

Wilk and Silverman �976! Stud

Wilk and Silverman �976', divided

Sandv Hook Bay into blocks 1' longitude by

1' latitude  e.g., see Fig, 25! which were

sampled b'-weekly in 1970 wet!r a 9 .1 m

footrope otter trawl towed for 10 min at

5.6 km h '. Oata were grouped irto eight

sample pericds of seven two-day and one

one-day cruises. Presentation of cruanti-

tative data was perforrr,ecl in two ways:

1! maps showing distribution  abundance!

of the more notable species withi.n the

blocks, but averaged over the en ire study

period or 2! tabulat'or.s 'ndicating number

of fishes and weight oer speci.es pe" sam-

oling cruise. Unfortunately, these latter

data are not subdivided into samplir;g

blocks;

Catches in the rorthern half of Sandy

Hook Bay  blocks 1-9! contained a tota' of

35 species recorded during the study;

those in the southern half, 22 species.

Only seven species occurred in more than

250, of each collection. The total catch,

by both weight and number, averaged for

the per'od July to October, in the north-

ern half of the Bay exceeded that of the

southern half  Fig. 5a,b! . The greater

abundance and diversity of species in the

northern b1ocks are apparently related to

the deeper and cooler water found the . e

and the proximity to ocean waters  Wilk

ard Silverman, 1976! .

Four Species--"s "u'

"'ner. " x r=-, . rrsxoc~s e."s sc"-,

and



Fig. 25; The average Caioh  nO.J a! and We!ght  rcg! bi Of all fran Der 10-min icw in Sandy HOOk Bay. Alter Wrlk and Si!Vermen   979!

Ftg. 5. The aVerage Ca oh  nO.! Of anChOVy  a! and red hake  b! Oer 10 mrn tOW in Sandy HOOk Bay. Afler Wilk and SIIVerman �978!.
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accounted for about 68% by number and 66~,

bv weight of the total catch during the

survev, T..e ' 0 most abundance speciea

comprised 95% by number and about 85% bl

wei.ght cf the total catch. The average

abundance distribut'on for tha 10 most

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

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

Nilk et al. �977! Stud

vlilk et al. �977! present the only

quantitative data for fish distribution

throughout the Lower Bay Complex. These

data are strictly tabulations, species

number and weight by station numbers The

study represents data from 700 stations,

encompassing the Lower Bay Complex and

offshore locations in the New York Bight,

that were sampled between June 1974 and

1' latitude  Fig. 29! . A number of these

blocks was randor..ly selected at the begin-

ning of the survey and these blocks 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 be

noted that many of he station coordinates

reported fall on exact 1' longitude or 1'

latitude lines so that it is difficult to

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, cr

in which direction it was taken. To de�

termire r hich bay station numbers fall ir.

which blocks, station coordinates we e

plotted bv the present author and grouped

subgec ive'y into the nearest appropriaie

bi ck . A listing of station numbers, sam-

pling dates, deptn, r.umber of species, and

catch by number and weight s com-

and su:,"marized in Appendi.x Table 8

to t.al

piled

The c roupir g of stations into disti..ct

 i.e., blocks! indicated that Kilkareas

et al. '1977! apparently sampled 19 blocks

repeateuly  see Fig. 29!; nowever, the

clust.ering showed tha not all areas were

samp' ed mental r.

June 1975. Agai.n, the Lower Bay Complex

was subdivided into blocks 1' longitude by

The majority of the statiors was sam-

pled by an otter trawl with a 9.1 m foot-

rope, whil others  i.ndicated with an

asterisk in Appendix Table 8! were sam-

pled with a 24.4 m footrope yankee «36

trawl. Both tiawls were fitted with 12.7

mm stretch mesh cod end liners. Each

trawl was conducted for 15 minutes. At

some stations in s given sampling date,

both nets we e used. Catches with the

larger net almost always yielded a great.er

number of species per stat'on, as well as

number and weight per species, than the

smaller net. All specimens o each spe-

cies were usually measured, except when

subsamples of verv large catches were

measured. Zn that case, an errpansion

factor  weight of total catch/weight of

subsample! was applied.

The tabulated data presented by Wilk

et al. �977! were reworked and ordered to

determine the monthly occurrence by num-

be" and weight at each statior, fall ng in

Areas A to  Fig. 29! and tabulated by

species  Appendix Table 9! in the sama

order of species listed in Table '4 .

This data base was then reseauenced to

present the monthly occurrer.ce of species

by area, including ir formation on number

of fisl..es caught per species and the

number of species caucht each month in

that area  Table 15! . hese data are

further grouped by bay. Areas 4, B, O', F,,

J, ax' Z are located 'n the Lower

Bay; Areas 0, , '>, and .'i' are in Raritan

Bav, and Areas ',, k, ..., =., and are

in Sandy Hook Bay.

Lower Bay stations exhibited a

greater number of species and number of

individuals per species dur'ng the fall

months. The 10 most corrmron species during

the =all are: .4 .=r:c - r.~'.=i;

;Ygx'spall'acr,op.'''us

8, "-hex ' '' ~ 'xr';.:,' '.de .;-,='r"-n 7

.sag

and ', n-' r" xs.

During winter months, the 10 most

common species in the Lower Bay were:



fig. 27: Tt s average eaton fno ! of spotted nake fa';. soup ib!, weakf eh icl, and bvt terf Isr fd! per f 0m in tow in Sandy Hook Say. After
Wi:k ano Saverfnan f;976!.



Ftg. 28: The average catch  no.! of northern era robin  ei, striped sea rabin  bl, winclow pane  ck and winter flounder  di per tg.min
tow in Sandy Hook Bay. Atter Witk and Sitverman it gy6k
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LOKT,R BA'i

Area A  west Bank.! Months

1974 1975

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

SSS 3 1rrS G'SSS

r! . G S C -' C 3 S 1 '-' 3 1 '- 3 43 10

10 10-'SGGr1urSS

pr 1' ~ 3 3 1, S

'I.GSQ GS

rI GSS 34 8

SrssGGrSSG S r. r1sa

-srs . h

fiG3 rrr 980

21	 3 C r. 3 C rl a S 3

!rq 13 re='vs

1&G Il

r 3 18

rrr S r1 1. 4 " u 14 121 1

~ S. G Qrrrr 1rS S~SCSrsS

.'fOr-. r13 3 zS:CS '..3

'. SSSG "rra =r.r r SGS�

r1G S

12CYST -3

21:I ~.".'G C 'r S = 3 rr.'3 r ' '3 S a 3

2 2

1 53 acs. SS

; G.
3 Y' 'L C

r s  . Gs

0 6 0 4 2 ~ 6 * 5 '1 4Total 4 species

l 1 1 i 1 1 1 * 1 1Total 4 stations

73

Table 15. Monthly occurrence of fist species in Lower, Raritan, and Sandy !iook
bays reported by Wllk et al. �977!, sublisted with station areas. Numbers are
total catch; each month totaled for !! species; asterisk  *! indicates area not
sampled that month. Note: No December or March cruises; ~' means only reported
occurrence.



Table 15 - continued

LOUR BAY

Area 5  VJest Bank! Months

1974 1975

Species

Ãustsl,us sante

/ losa acct o.

cea peeucl ha! sr! tus

1

3 2 1

140 6 20

10 5 1sa sat"arse'."!a

2 192

9 ~ 1 1 1
1 1 1 3

2 5 12

1 100"unoecton regal's

1 1.7 e n t- c t' r r h u e e a z'o t t' ' 6 e

Ammo-'Btee amer canu

Pepr lue trtacanthue

A!.o" cepha us ae;:acus

m~-croeto,us

1 7 4Paral!',ci'th <e dsntatu.

6 5

4 1 2 1

14 1 1cophtha

+seuaopl
amsrtc

aquoeus

euronectes
anus

.'donacanthue >!tspiaus

Total J! species

Total 4 stations

Brscoortta t'ur"n!.ue

" ' u p s -" i: a r s n,". u s i-. a r =. n a u s

Ansi!ca mitch t. lt

'~!er'uco:us l- ltnearts

 'ro".h!,c-;s chuse

" .r o p i; u -,-.' e r e;: i u s

.lee n .' d la md n ='a a

h'oi one sa=a- L s

Foma tomus sa ' to ..r

1 orner sstar 'nn='e

Jun J!1 Aug Sep Oct Nov Jan Feb Apr May Jun

4 6 6 8 6 11 9 6 2 8

1 1 1 1 1 1 1 2 1 1



.able 15 � continued

LO'h>?R BAY

Az ea  East Bank! months

'974 1975

Species

A loss css t u= I s

Znsaoor u t>> ~ossa

 ''u.,eo Aors'ga s i:a> angus

.'-sn> ace" us o> >, ' asgr'

.".sr>=oi a r.».e>; =i '

22 1

1 6Sc? p !> 4 >>c 1 via 0 Q Q a C s >>

sots
2 2

Total i species

Total f stations

75

Eautoga oui t-s

Arnodutss s.-,.si-. a»-.~s

.'seucop >.saic'»
arne~i err»»s

Jun Jul Aug Sep Oct Nov Jan Feb Apr NaY Jun

* + * ~ * 3 4 1 1 7

* * + * 1 1 1 1 1



Table 15 - continued

RARITAN BAY

Area >rontl s

19 74 1975

Species

15 2 3

~Z u.:ec narc n Ju-
h ren" us 2 1

An">oa m. =oi> 7 17 1,428

nsrcu ~ s pur' 8 50

.",sr Zuoo us i~t '.- ne ar 's

lropn,ass anues

''ropv.'qr as rec us 23

12

I 3

.' upr"- -us sr tao et su 8 1 2

2

1

:seuaop Zeu; one" tes
a e'er" anus 1 27 32

1 1 2

1 1 1 * 1 1 1 11 1 1

76

A osc aesttsalts

A Zosc seudonar ensue

Aloes saint ~tsstma

3r e soo r t ta ter annu

.~Zen~ 4" a menta I

J',rnJnctnus us us

."orna omus sal tatr".'z

;tenotomus e~r iso

~:;nose on recalls

As eros "us ut ta

.' ~iozoi ephcl us cence us

paralt qtgus aentatuo

o..nthI, Zmus a uosus

Total 4 species

Total 4 stations

Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun

8 5 9 " 3 2 2 4



Table 15 - continuea

LOWER BAY

r'monthsArea
1974

S ecies Ju11 Jul Au Sec

.1GSr '1SS 1OC' 1.3 1 1 15 31

17lose "Sauao1l sn

31 3" Gl 3=a s.irannus 2 115

j'oc oars n81i3
n;1 r 3 n 8 u 3 6

659 2,046 8

30,307 280

12

1 3

'in nc aus us

',. -' n 3 1'O r ' » ' 3 t " 3 3 6 1" 3 C 0 a

?O.-,CSOr1uS Sa' orris 86

:-:-nonfor..us cr.r! SG.

18 42'..r rl G 3 3 . G n r e

=" os o "!us cnt t,uru 3

SC

nor! g! Gn

Gnu'sr O,rc

sunna

64..'=»-' iu tr'-»ar»r;u:

=»Son! 1, 'r!» Cna

..': Gzoo=.. r1C . CS Canoe ua

na Gus
saor

253»» ~

22 20ry» r us~ or rr r

53 2

15 13

a "uo333

nacsu o
20

Total 4 species

.otal 1j statio11s

77

dna r'1Oa t".i O rni 1 r".

'nial'Cu1' 3 Sur is Or 3

.'jsl ' u 'O" uS O"- "noaria

lrro;n7ais ai.uss

7m:n�=='s re,"ius

.'1snidi - .,arri Cia

Oct Nov Ja11 Feb A r 4ta Ju11

2 2 1 12 20 8 3 3 3 2

1 1 2 2 2 1 1 1 1 1



Table 15 - continued

LOWER 'BAY

Area .=  Romer Shoal! Yion t1. s

1974 1975

Species Jun Jul Aua Sop Dc'; hov Jan Feb Apr May Jun

lur-aa <ra»c� 1 1us na s-"n "us

10a '

'sr ersus 20Testa;alabama

i 'alma+ tsar "msv 16aar.us

Pspr; us t -.acartnus

.= a r a  . t' c n t i: «tatus

1 1Z c a ." ir t n a l in u s z a u a s u s

;:susan l su?"ala' ts
afl c'nt.canus 1 1

1 3 3 * 2 3 6 2 2 * 4Total 4 species

Total 0 sta'ions 1 1 1 * 1 1 1 1 1 * 1

78

t sr.:= u n: nza-'a

s ~ i.-"'u

aut "aa n"'t' s

Fr t ~ na".us sar-.'lnus

c-aas-na-Iis assasus

19

2

2

4



Table 15 - continued

LOWER BA'zr
Area Mont s

S ecies

29 85 67

9 6 1,502

94 152

r.-u"s

rlL!S Sa!'Ra«Sec- I

1 3 3Pe SGC z' L uz'a t r. u 3

nazetu ea Via us
257', a "e na tu 3

29 20,044 208

5,200

r'nCI;Oa rr;"' ts'Zr 7 '-'

= n�z*au i Ls e

,'Ye z l u i s z u s

uz usi C ez

sap" 3 31bz',! n

138 zc ". n, c "- 3

3crsahua S

344.:.'tzn" a=a men

4 10= tungna t nus

13 1

12 4

cnzc a

3 stncscc::us

L iS eLLus

1: lus tz ?.a "an nus

7 z'sanctus e 'c rzs

'.'gz«CCS
t. u

1 32= i e r." - ' n c s x 8

3 .",''I.C«C 3 Ctt'us

14

49sar?u

* * *

79

'.ustelIws ca1".1 3

A tcsa aestz va I itt

seuacp? z c

ea us

sus us

cncv?s sa«a -" Lz.s

~assr?rue Salt tZ-"

.',t n c s c z o n r e �za l?. s

Total 0 species

Total 0 stations

1974 975
Jun Jul Au Se~Qct Nov Jan Feb A r Ha Jun

23 8

5 6

26 71

1 126 133

* * * 5 19 18

* * * ] 3 2



Table 15 - costiiIued

LONER, PAY

:doII thsArea;.

1974 1975
Species

-" rn

, J 8»l " " ~I 1» 8 C; Il 8
6 34

4 34 201

13

2 38
O " = CI SI'IC 362

8 G o 7' 8 C 8 -' I'8 8 7» v.' 8 6 246

88 harsnpus '.8~On;,us

'»»OJ hoo. 86»ls

l»nOCOC I 1 O»I» 840

~n»IOC;lS . OO SI,8 '"

8 I 2 o» ..47.817"i.8

504

1

10 22

1 364

8 1

9 1

778~ -'IlsFiIG» 6s

F 8 p I' ». 1 u 8 " ' 8 c 7' 8 h a 8

rl* 6onO'- 8 oc ~o l '»IuS

8.",ho'.I,- zsnas~s 262".»oooo

Ftropl 8 881'OS ioI" Il

3 1

1 9

7 14

8FcI'c»~ -iIthl s "87ooc8~8

J o o ". n ' r .". » ~. w 8 ~ qn~ 88

- 8f 8 8»aco ' S'il 07".8
24 1 59'Z'78 I' '

otal i spec' es

Tc tel 4 stat ions

''I'OJ +go -8 oh48 8

. » 6»I " I. C ~; 8 >';. 8 E 1

n.. 7»C 8 8'88» 88 mls

.'"»OI»O>I 8 CI7,8» Og >IC

»» O.~ c r 8 si Il 8 8 c C 8 c 8 I' 5 z

6 snoio7I>S oh"',.Jo JSI
C'�" i G 8 O»». 7, 7 8 = C ' .' 8

.'8 u' to c G7»I. 868

4 J 7O JOG> I'J gI»6 tIls

JuII J»81 AIIo< S~e" O t Vov Jan Feb A r !b'av JuII

ll 5 " 1' 10 6 * 4 17 *

* 2 1 * 1 1 2 * 1 3 *



Table 15 - continued

SANDY !tOOK BAY

51onthsArea
1974 1975

S ecies

caus''s acantnt s

-"anger oceani"u '

lapa estival"s 1,172 367 2

328 24 23 15

29 55

6 1 32

' tutee ncr en~.us
Baren3us 74

3, 232 1,920

152 312

30

55 15

1 6

1 7

69

42 135

- un."nest nus .~usa us

Xorone su=a tii".

.=octa ta.~us s.z l tat! iz

r�-r sctzrinnas

79 8

4 1

-eno o us nr t -a ~ s 42

3c r el 'c cnr sure

an reaalis 369 6 29

us -zn titurus

so n unau us

on4tzs

opt >~ lp48

49 20 l.>us tr~ cc n nus 91

pr~ionatus e a.=ns 1 1

; . a:-i, ma.@us

12

10

"seu 2oq &curate p '
42canus

Total 4 species
Total 5 stations

',as@ psi ac

o - r,. seuco narenaus

r' lose scrutGzsst~c

Br euaortia turcnnus

.4ncnac r;.i tcr: ' '. li

:n;rcul is eur us

.reer luc ius oilino aria

Vrapn cis cbuss

r op,''c~ s re/ us

.4pn Lntc v.'en i a" g

!'iopocampus er ec us

Jun Jul Auc Se Oct Nov Jan Feb Aor lRav Jun

1 11

9 1

1 2 112 29

8 2 131 44

20 * * 15 11 17 10 * * 13 *
4 I * 3 1 2 2 " r' 2 *



Table 15 � continued

LQVJER EiAj'

Area J Months

1974 19r5

Species

12

300 1 22

40 1 2

1 6

104 26

12

3 8

1 23

3 1 1

1

1 3tov r '-o c te 1 2C-.nose

'c utch is

Zcutt go Lazarus cos

Pel rilus triaccn+

versus

nus

Priovotus ccroLinus

e"Aalu: aenoeusF~~ ozoc

e, nc Lu
decems

!48o-oc
oct i p so sue

Pc ra L i c 'r t 7i u s c e r; t a+ u s

3 3

3 2

5 c 0 p t f r c L tviu s c uosus

?seudop Leuronec es
ar.-ier ii.anu 4 7

Total t species

2 1 1 *Total 4 stations

usteLu cc> '-s

4 Loss cast" 'c 8

A Losc pssudorcr

! Lose sar idiss" ~c

orero ~ r tca '-.ra%vins

Ancnoa r, st.".n; t .'s

:nprau Lie eur -s-o ' -.-

Prop nuci s «vius s

l~er.i die ren di a

t . r ne zczcti'. s

Pomctonus saltat i@

eno o~us cnrpsops

Jun Jul Aug Sap Oct Nov Jan Feb Apr Hav Jun

14 3 2 * 4 9 3 1 7 8

1 1 1 1 2 1 *



Table 15 � continued

LONER BAY

Area K  Flynns Knoll! Months

1974 1975

Species

Z!<sts! ss ccnis

2 lose ~ se:<daharan J!rg

.4!a sa so a idis s imr

1 1

23 1

5 2Clspea har sn,;us harsnp<as

4 1

28

F r z to.,us sc! t" tri<=

Ctsnotam!<g chr sops

C9noscian rs�oc!is

,'4<.nti i rrhus gas" ' '..'s

l-.mod. tss amer<-canes

76

2915 1
'Inc 'ocsp

to ds cemspinosr<s

cnthsg 'sntat!<s

1 12 3 1! mr< c  ,. so s!<. s

ssronzctss~ss~cos<.
1 1omsr-.sensa

Total 8 species

Total 4 stations

Anchaa mitcnill.i

Fngreslis er<rl<sto'e

.'4sr luccir<s o 'linear is

Vr ophvcig chess

V'raphJci s regir<s

.'4sn-, " " men" di

rTi-paccmpas greet!<s

Centroaris is striota

Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun

2 4 0 7 4 8 6 6 " 4 3

1 1 1 1 1 1 1 1 * 1 1



Tab 1 e 1 5 - COn t Xzzu ed

RARITAN 3AS'

Area Months

19 � 1975

Species

4reco or ti a tyz'anna s

1 9nazen-,u,s

13 228

23

l'ro;»i. c-.z 39esp

& i z P O C a s! 2 ?z S

1 2vnOSCLO?i re

?'amenti cirr nus sara.i'.is

="e, ri 2?ZS rriaaant.AL?S

" - o p i. >i a 1?, u s aokcsws

t se kaop 7 o pro
a???e P L Ca?ZZic

ee

Total 4 species 0 * 3 5 4 2 4 3 8 2

Total 4 stations

.' 2osa aes'." a. '.=.

~losa rseuaoizaren

.:loca car='aicci~a

C'.ape;z Aa en

.4 n ?i oa

Enzz aL?lis e'r. s.o'-e

.'~e'Lace Les ' i ' near=':;

ere

LS

Jun Jul Aug Sep Oct 5iov Jan Feb Apr May Jun

9 1 1 70 2 1

8 3 1 1 3

1 * 1 l. 1 1 1 1 1 1 1



Table 15 � continued

RARITAN BAY

!4onthsArea A!

1974 1974

Species Jzzn Jzzl Aug Sep Oct Nov Jan Feb Apr Hay Jun

97

7 21 13 4 3vs'as

4-'Oss Benz.ctsstpl 2 4

= z e so o z t - a t v r a zz r zz s

-"'-zzsea

A ne hc«z 3 1

'.zzgz Cat ts ezzzg sto'e 16

".e z ! zz s i zz s zz i! i zz e a ni s 33

chess 116 4

!i peas;s tenuis

~ es"«z«Q 7/en/c

~'e=tus '*'!'z s re pos 4 e ti

fasces

zee 6 «hQ 7»I'J S Ceize 84S

7 39 13 1 3. set«s ' es2'ozzee es

Total 4 species * + + * 3 9 7 I 3 7

* " " * 1 1 1 I l 1 1Total 4 sta tions

' ass ezes isa Lis

essz Usekgohpn

haz ezzgus hazezzgzs

lt tes i l~

gza",,h-cis

z'net h' e'is

ng~athzzs

,,see "='en

1 1

1

1 1

1



Table 1S � continued

RARTTAV BAY

Area Non hs

1974 1975

Species

A losa aesttcalis

A Losa pseuoohar engus

Aloes saoi 'lssimo

recoor.''I« t"nano>us

2017

124

24

20

10

F s e u,".o p .'
americ

euronecees
anus 8 55n 6

Total ¹ species

Total ¹ stations

86

Anchoa mitchi''.i

7 n =, »a u. l i s e u r;, s t o . "e

.'¹er luccius oi l" near -s

Uroph�cis chuss

Ur o,-. hgci,s

Jroph lucis tenn s

Sungnatnus .~uscus

Fomatomus sol tare i

L.gnoscion rega i s

,Venticirrhus ea ati l.-e

Feprilus triacanthus

Faralichthl s aentatus

Scophthalmus aquosus

Jun Jul Aug Fep Oct Nov Jan Feb Apr may 'un

1 2 I 4 S 7 ~ " * 7 5

1 1 1 1 1 1 ~ ~ + 1 1



Table 15 � continued

SANDY HOOK BAY

Area 0 Months

1974 1975

Species

31

1 1 9
7 13

2

1C'upea ha. enpus

'nr hoa mitchi 1 li

has en@us

22

lis eunFstole

cis chuss

480Fne «au

V"ophJ

33

=+enoto-us chr rsops

13 13 3 Ipe ar.ts

pe; «i l us tr iacan

"" '-ha us aenaeus

o «u s .'n 4 c?'o s t o nu 8

shah. s dentaeus

na 1 sus r auosu s

l e u re o n e o + e s

10 1 6.-a poli

. =.reht

seuao
21 1 2 2 5v.-err ni " nus

Total 0 species

Total il stations

87

.'sustelus canis

rllosa aestioaiis

A losa pseudoharenJus

A losa sapidissima

3nevoo>t a tynannus

"«o"h cis reJius

«ophFc" s t'enu ' s

".en' Sia r.;en'dia

.'los;ne e -sat ' s

en op«ist s str iata

Fomato~us saltatri~

yo~ez seezr:nn~ s

Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun

1 11 2 8 4 9 4 * e * 9

1 3 1 1 1 1 1 * * * 1



Table 15 - continued

SANDY HOOK BAY

Area Months

1974 1975

Species

106

138 26 31 2

19 111 I 2

13 80 12 1

11 7 15

3 24

5831

28 I 10

25

17 1 78

S' ngnathus f'uscvs

C n ropristis striata

Stenotomas cnrvso :s

Sairdi e . La chr;. sara 5 3

61 752 1

2 I

1 54

3 212

9 2

8 20

37 72

70 112
Fseudo p1eurone . te s

ameri canus 25

Total ¹ species

Total ¹ stati.ons

88

Rasa erinacec»"

  onper oceanic~s

A cosa aestz "'Q' 'r

A '.osa pseudoharencvs

A asa sap Gtsstma

B»evo r.ia t~rannus

Ciupea har enovs haren"-,us

Anchoa mi.chi '.  .i

'ophius mericanws''

.~der lucei  s h inear is

U»op hJci s chas =

0. ophpc s rap us

Ur ophgrcis tenuis

Jve ni di a meni di a

Csnoscion z e alis

I,eiastamss zanthur~s

I Jicropogon ~nduIa us

Tautoaa onitis

Astroscopvs S~~ttatus

Fepri Inc t»iacantn"s

F'rionatus ev ans

Ztropus micros+omvs

Fa»aIichthps deniai| s

Scophtnals:us aquas@a

Jun Jul Aug Sep Oct '.3ov Jan Feb Apr May Jun

6 3 * l3 18 6 7 3 8 ll

* 1 1 ~ 2 2 I I 1 I 1



Table 15 � continued

SANDY HOOK BAY

NonthsArea

1974 1975

Species

41

28 20

98

7 12

14 34

1 6

5 30 inc "cion re3aiis

viacantnusFermi'hue

:-z iona tus evo la..s

aa~alichthps aen atus
2 2212Scoohtha Lmus acjuosus

Pseuaopleu
american

z'onectes
us

3 * 8 5 *3 2 6 k eTotal 4 species

Total 4 stations

Jon3eP oceanicus

A losa ace tiva lis

A".osa yseudoharengus

~losa sayidissima

Bwevoor'tia tar annus

:luyea havengus harenpus

fanchon heysetus

~ncnoa mi tchi l li

Me~luce u- oi'incan'is

'lz'oyh3 is c buss

S~o -n�cis pe3" us

3ee ni gaia menisci a

SJnpnatnus fuscus

. omatomus saltatriz

Stenotomus chr~jsoys

Jun Jul Aug Sep Oct Nov ' Jan Feb Apr MaY Jun

25 3 49 9

1 1 1 * * 1 1 * 2 1



Table 15 � continued

SANDY HOOF BAY

MonthsArea F.

1974 1975

Species

1 50

1 164 144

10

106

20

10

15

38 1 5

10 4 1 4

. ri nnotus carolinus

44priv tus evo Lans

Etropus mr rossnvus

2 12Paralicnthvs aentatus

copntha'Lmus aauos s

acr leuronectes
eri anus

"seu
19 35 492 16am

Total ¹ species

Total ¹ stations

90

,Vuste'us c nis

4 lvsa sar ia '

Zr evoortia urannus

~aetna mit' n 2li

En"zau lie cr >8stn e

Rer r uc ius vari 'ineaz i-

i'z opi<8ci,s .".nues

~ 'r or hgr ci s rerr ius

eeni ai a meniaia

pn-atomu" sa'.tatriz'

Stenotor.; s cnrusops

noscion 5'e~ a 1 is

ieinstomus xartnurvs

A'upi," cur err.a " ~

Feorilus r- acanthus

Jun Jul Aug Sep Oct Nov Jan Feb Apr Nay Jun

5 1

1 4

1 1

3 41 8

6 10 3 8 6 9 ''1 *

2 1 2 1 1 1 i * 1 *



Table 15 - continued

SANDY HOOK BAY

Mon thsArea S

19751974

Species

s1 Lcaa ace tiVa Lis

A Losa pseudohcr encus

~ Losa santa>as:ma

1010

1 21 6

25 2

Brevoortia tJrannus 1 1

10

50

1 1

Pluto a on=tie

Pri one tus e vo Lans

cr a'ich thus dentatus

"-co = ntca Lnu 8 aguosua

onectea,=aeua'Or leur
10 35 3amer canus

Total 4 species 7 " 2 84 5 * 4 5

* 1 ] ** 1 1 * 1 1Total 0 stations

C'Lupea narenqua harenpua

Arcnoa mi tchi Lli

=nor aul 8 cur stole

.'<er Lucciua hilinearia

Vrophycis chuss

ii roph'tots regs ua

,'eeniaia beni "ia

Hippocampus srectus

2 o Ip t o.n u 8 8 a o to t r" x

".: no 8 ci o n r e 8 a '. i 8

Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun



.38i psescah renpks, 3. case' val ' f > rt .
s a v I a ' s s '' rra, P r e v c c r r i. a . p r a n n v s, ". I x p s a
h ren-xs har engr s, bferlwcc'-vs i>l' r'r.ea»,

neph,'.s-s chhss~ I . ~salmi - q A.e.'~c '«' es

ar.er canvs, and Fseudopleurcnec.es amerf-

canss. The winter flounder P. anerr'.earas

was mostly found in Area 9 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 of species
and fewest number of individuals per spc-
cies. The eight most common species

encountered are: .'lcsa aest'val''s, A .

F sewaahcrengus, 'rcphjcis chose, U. reargue,
men~die, Pcralicnthlrs aentazus,

9 "cphshalrrrvs aqaasvs, anc Pseac'cpl�esr-
an- te s arrler i canus�.

Raritan Bay stations generally
yielded fewer numbers of species and indi-

viduals per species. Similar patterns of

.easonal abundance of the species

desex'ibed above for the Lower Bay were

noted in Raritan Bay. Area I, in Raritan

Bay exhibited the fewest number and

species of fis!.es in the study.
Sandy Hook Bay stations sampled by

rhrilk et al. �977! were as productive as

most areas in ths Lower Bay. The numbers

of species and individuals pez species in
northerr. blocks  numbered l-9 in Fig. 29!

of he Bay were higher than in southern

blocks, similar to the pattern described

by Wilk and Silverman  l976! . Agai~, the

patterns of seasonal abundance were simi-

lar to that noted in the Lower Bay. Sandy

Iiook Bay app ars to be an important haven

for som semi-tropical species, including

ver.e~ Se ap~nn~e, Selene Varrer, Chaesadan

ellatr,s, and Bfp ccarrpus creates.

ASSESSING TIIE BIOLOGICAL EFFECTS

OF SAND MINING

In tracer' �.'an

The effects of sand mining in the

Lower Bay Complex must be addressed from

physical, chemical, geological, and

biolcgical viewpoints. It has already
been noted that several physical and chem-

cal ef. ec s can be predicted foz the

c:ection of mining holes in the Bay bot-

tom  Swartz and Brinkhuis, l978; i>long and

I,'ilson, l979! . In selecting mining sites,
one must first locate sources of suitable

mater'al; then, for each such site,

address a range of potential physical,
biolog'cal, etc. effects. It is diffi-

cult, indeed almost impossible, to

determine which of these effects has the

most significance. However, we must know

wt at the biological community consists of

at the candidate site since the first

sic lcgreal eefec0 is outright removal of

any benthic inhabitants. Thus, if a har-

vestablc 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 location. On

the other hand, i f. no important species,

or low ntusbezs of any organisms, occur at

the site, other effects may be then

addressed, For example, would mining the

candidate site affect circulation pat-

terns  it may also improve them!, tidal

current velocities, oi' create potential

shore erosion problems?

As impoztant as these effects may be,

one must also consiaer the biological

effects of suspended sediment plumes that

will result from mining marine deposits.

This effect could extend to other loca-

tions outside the mining site, where

important species may occur. It has been

w. ll documented that suspended sediments

a ' ect a wide range of. organisms. Each

species has its own tolerance limit to

certain concentrations of suspended sedi-

ment. The specific effects include the

c'ogaina of. gills and interfering with

respiratory aas exchanges as well as

phlrsical damage to bioloaical membranes

 the description of specific effects in

various species will be dealt with later!

To evaluate these potential effects,

we must be able to predict the range and

extent of susoended sediment
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concentrations, and then relate the struc-

ture and pattern of the plume to krown

organism distribution patter'ns. Qf 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 speci.es that

may be important.

The .Vinina Scenario

Sand mining operations in the Lower

Bay Complex might entail a number 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 mosc 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

recuire water deeper than exists in po-

tential mining sites and 2! the 1oading

capacity per uni.t time of these dredges

far exceeds the capacity to screen sands

to obtai.n the desired material. t ost of

the deposits would probably have to be

scr'eened to obtain ceztain sand mixtures

as per Department of Transportation  DOT!

specifications. The extent of surface

deposits showing coarse grai.ned 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

removal. Two areas for proposed mining

have been recommended 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 vicinitv o Old Orchard Shoal  see

Fig, 23! . These areas are currently being

surveved 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

�979! 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 wculd

load material into a number of 1,000 to

1,200 yd' barges. These barges are no;�
mallv loaded to 3/4 capacity, or in metric

equivalent, to 500 to 700 m' of material.

Assuming a mean density of 1.5 for a sand/

water mixture with a fine to medium grain

size  Berner, 1972!, the material in one

barge load will weigh 750 to 1,050 metric

tons of which approximately 60% is sand.

The materi.al 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 bv Sanko  personal communication!,

indicate that a maximum probable process-

ing rate is of the order 136 metric tons

�50 tons! per hour. Best estimates

indicate the screening operation reciuires

5.68 x 10' 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; l gal 3.7854

liters! . It is estimated that in a caret

ease situation, the screening operation

will dispose of 35% of the hourly intake
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Table 16. Criteria for acceptabilxty of New York Harbor
 from Kastens et al., 1978! .

Hortar Sand

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

meet the following gradationWhen dry, mortax' sand shall
requirements:

Sieve Size

100
95-100
10-40

0-15

¹4 16.00 mm
¹8 2.83 mm

¹50 .30 mm
¹100 .149 mm

In addition, aggregate must meet standards fox' 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 Passin b Kass

¹16 1.19 mm
¹100 . 14 9 mm
¹230 .062 mm

100
0-10
0-6

Since we did not use a ¹16 sieve, 'n the following table
sand is considered acceptable if greater than 99% passes
the ¹18 � mm! sieve. In addition, aggregate must meet
standards for organic impurities.

Cushion Sand

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

>laterial for cushion sand used .or concrete block slope
paving shall, when dry, meet the following gradation
requirements.

Sieve Size Pass'n b �ass
Minimum Maximum

Concrete sand must also meet requirements for organic impurities.

3/8 inch
¹4
¹8
¹16
¹30
¹50
¹100
¹200

100
90
75
50
25
10

1
3

100
100

85
60
30
10

3



Table 16 - continued

Mineral Filler

N.Y, State Department of Transportation Specificati.on 703-08

states:

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

Passin bv MassSieve Size

100
85-I.00
65-100

¹30 .59 mm
¹80 .177 mm

4200 .074 mm

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

20-35
0-10

Peference: Analysis of Ambrose Channel Sands by the
N.Y . State Department of Public Works,
Bureau of Materials . This report was
furnished by J. Marotta of the N.Y. State
Office of General Services.

Fill Sand for Roadwa s

A. Select Subgrade: N.X, State Department of Transportation
Specification 203-2.01 states:

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

B. Select Borrow and Select Fill
l. For underwater placement..

PassinSieve Size

¹200 .074 mm

2. For above water placement:

Sieve Size

6 inches
¹200 .074 mm

10

Passim

100
15

95

¹12 1.68 nnn
¹16 1.19 mm
¹20 .84 mm
¹30 .59 mm
¹40 .42 mm
pan

0
l5-30
20-30
25-35
10-20

0-10



Table 16 � continued

Filter Sand

American Water Works Association Standard B100 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 2R was retained on the 2 mm  |!	0! 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 = Hm~c

The uniformity coefficient is the 40th percentile divided by the
effective grain size:

Mm
Mm> p

96



as fine matex'ial. This estimate is based

an reports of maximum 8 sediment mass less

Prediction of Sediment Plumes

The madel developed by Wilson �979!

than 0.149 mm in size reported in samples

from Kastens et al . �978! . The cut-off

is designed to describe the extent and

structure of suspended sediment plumes

size of 0. 149 mm is used because larger produced by open-water pipeline disposal

af dredged material in shallow waters.

This model may also be used to model

mater al would meet most of the DOT speci-

fications for a variety of sand uses  see

Table 16! . In other wards, 35% of 135 plumes resulting from a continuous 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-

any large amounts of suspended sediment

while material is brought to the surface,

sa we need only concern ourselves with the

mass discharge resulting from processing.

Using these data, we can predict the ex-

tent and concentrations of suspended sedi-

ments in plumes downstream, in the tidal

current, of the processing barge by apply-

ing the suspended sediment plume model

prepared by Wilson �979! .

we will fixst examine a hypothetical case of a mining/scxeening operation performed

'n the vicinity of Old Orchard Shoal. As inputs ta the madel, we require the following

information:

1. m = diffusion velodity = 1 cm.s ': estimated by Okubo  l962, 1971!

2. ~' = settling velocity of sediment = 1 x 10 ' cm s '. estimated by Schubel
 pexsonal communication!

3. n = average thickness of water column containing suspended sediment. In

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

 Schube1. et al., 1978! . Water depth near Old Orchard Shoal is = 7 m, so,

3.5 m

4.: = maximum plume age = �.5!  tidal period! = �.5! �2.42 h! [Swanson, 1976,

fax' Lower Bay! = 6.21 h

5. > ~ ratio of plume age to settling time ~ Wt/"

� x 10 " m s '!�.21 h!�600 s h '!/�,5 m! = 0.64

6. -~ = tidal current ampLitude =  mean tidal current speed!�/~!

!50 cm.s '!�/ ! = 31.83 cm-s ': current speed data from Dovle ard
wilson �978!
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metric tons will be discharged per hour.

This equates to 13.23 kg ~ s ' of sediment

discharge. The use of a clam-shell or

bucket-laddex dredge will nat result in

half the tidal cycle, because, when the

tidal flow reverses, the plume will disin-

tegrate  Schubel et al , 1978; Wilson,

1979! . Nomographs prepared by Wilson

�979! 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 �979! .



7. /< = 1 cm s '!�1 83 cm s '! = 0 03

8, = water volume discharge rate = 150,000 gal h = 1.577 x 10 ' m- ~ s

or 1.577 x 10 1 ~ s ': see previous discussion in .7 r-'.x-.,".=~ xur '-=

9. = = mass discharge rate at source = 13.23 hg s ', or 1.323 x 10 mg s
see previous discussion in .' .r...'x,-;",:,:x=: 's

distance measured along centerline of plume, The plume front is at a

distance 1/2 the tidal period, o" =' .. Converting u to 3.183 x 10 ' m ~ s
and '. to 2.24 x 10" s, the front is 7.828 LO' m, or 7.8 km downstream

non-dimensional, or normalized d'stance measured along the plume center-

Line. Zt is a function of xzur. The po'nt at which the sediment

concentration falls to near zero �0 "! is where w/u  here = 0.03! crosses

12.

the abscissa in Wilson's Figure la, cr L.l

We now have enough information to ap-  r!� ~ 10 ' m-s

�.21 h! �600 s ~ h

! �.5 m! *

'! = 24.58. Forthe plume model, using the nomographs

prepared by Wilson �979! . The nomographs

available, without the extra experse of
.5 x 10

0" mg 1 '; and
10 ', m' s

w/a, 01! ~ 2

8,39 x 1

1.577

13.46 ['i

�, w/s

generating a separate solution for v

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

calculat.e concentrations of suspended sed-

iment at a number of distances, x', along

 x, w/x, 0. 1! /

0.1! ]

and for

 "�, ~/u, 1! = 9.8 i 10

5.28 [  x", w/x, 1!/:�, w/x, 1'!]

the plume centerline for these two gamma

values, and interpolate between them to

arrive at concentrations for y = 0.64.

First, we must determine the value of

the normalized centerline concentration at

1, .�, z/u, y!, for w/u = 3 x 10"z

and y 0.1. This may be determined from

Us'ng these values, we can proceed to

evaluate ' =", w/x, y!/G L, ~/x, !! for

each value of x' we are interested in by

us' ng the nomograph in Wilson's Figure la

 y = 0.1! and Figure lb  y = 1!, and cal-Wilson's Figure ld. For tl e first case,

�, w/u, 0.1! ~ 2.5 x 10 ' while in the

second case. .7 L, w/u, 1! = 9 .8 x 10

culate .- at each ."' along the certerline

of the plume, .These calculations are

shown in Table 17.

To arrive at approximate concentra-

tion values for y = 0.64 in a 7 ... water

column, we can l.inearly interpolate con-

centration values at y =- 0.1 and y ~ 1.0.

These values are presented in Table 19 .

To estimate the maximum width of the plume

at each value of "', we can divide by 10

 Carter, personal communication! . These

The concentraticn. .. at any normal-

ized distance -"." along the centerline may

be described by:

where 7tc'Dr is used to rondimensionalize

the flux of water, g, and has the value

98

10. i = concentration of suspended sediment at source =;,/q =  l. 323 ~ 10' mg s ! /
�.577 x 10' 1 s '! = 8.39 x 10' mg 1



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 cf tidal

flow over a potential mining site. We se-

lected a depth of 7 m and an ~/u of 0 .03

corresponding to average depths and an ebb

current amplitude of 0.5 m.s"' 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 on ebbing

tides, because on incoming tides a plume

7.87 km long might extend well into New

York Harbor or western Raritan Bay, Qn

the ebbing tide, suspended material would

be transported in the directi.on out of the

Lower Bay, The model 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 �978! indicate that the cur-

rents near Ambrose Channel flow southeast.

The flaw 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 fz'om suspens'on of sediments.

Out 998 of the maSS diScharged at the

sourc falls to the bot om 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 ' and the average water depth is

5 m  . = 2. 5! resul ing in an,:/x = 0.02,

and a = 0.80. The nomograph values for

" z*, w/u, 7!/~�, w/u, 7! at Y = 0.1, 1

for the East Bank are shown in Table 18 .

We will again linearly interpolate between

calculated cancentrat'ons at. Y = 0.1, 1

values to approximate concentrations at

0 .8  Table 19! . Remember, we must re-

evaluate the normalizing term v~'Zt

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 asar cases 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 us~ally medium sized. At most, proba-

bly only 154 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 appl ~ as a result of

a reduced processing discharge �54 of the

mass mined! on the Fast Bank;

11.02 kg s

1.577 ~ 10 ' m' ~ s

w/u ~ 0.02

0.80

g/g = 6,987 < 10" mg 1

Note that only 7 and ': are affected,

We can still use the values for

Q.l, 1, etc. as presented in Table 18.

New calculations of 8 at each i" along

the centerline are shown in Table 20 and

interpolated values of for v = 0.8 are

shown in Table 21. The structure and

shape o the new plume are shown in

Figure 31.
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For > =. 0 .1; ~i/;. = 0 .03; front distarce x = 7 .83 4 10'm;
�! = 2 5 ~ 10 " ~ �3 46!  z4!/2�!

Distance
irom

source  m! C  mg - 1 ' !2  z" ! /2 �!

780.01 2,961220

391 64648 0.05

783 3230.1

3,914

7,828

8,611

650.5

141.0

10

For y = 1,0; , a =' 0,03; front distance -" = 7.87 10
.-'�! =- 9 8 ~ 10 '; C = � 28� z'!/0'1!

2,7980,01 78530

5283310,05100

783 2530,148

333,914

7,828

8,611

0.56.3

1,0

100

Table 17. West Bark  Old Orchar" Shoal! nomograph values
of '  ", ~/u,, !/=�, ~,'u, y! at distances ='- down the
centerline of the plume  from Wilson, 1979; Fig. la and lb!
converted to average vertical concentrations, ", in a 7 m
deep water column.



Table 18. East Bank nomograph values of " ~", m/u, y!/
G�, v/u, y! at distances ~' down the centerline of the
plume  from Wilson, 1979; Fig. la and lb!, converted to
concentrations, C, in a 5 m deep water column

Dis tance
from source

 m! C mg ~ 1 ~!

110 2,805220 0.01

48 6120.05 550

3061,100

5,500

11,000

12,100

0.1

614,8 0.5

1,0 13

10

For y = 1.0; w/a ~ 0.02; front distance ~ 1.1 x 10" m;
.,�! = 6.8 x 10 '; C = �.12!G = !/9�!

2,7141100.01530

512550100 0.05

1,100

5,500

11,000

3.2, 100

2460.1

326.3 0.5

1.0

10 0
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For i = 0,1; m/u = 0 02; front distance z = 1,1 x 10 " m;
,�! = 1.7 x 10 ', C = �2,75!G x~!/C�!



For water 7 m deep, y = 0.64 �1d Orchard Shoal!

Distance
from source

 m!

Max.
plume width

 m!:  mg-1"'!

0.01 78 2,857

391 570 390.05

783 2670.1 78

3,914

7,828

8,611

3910.5

1. 0 783

861

For water 5 m deep, y = 0.80  East Bank

2i �2!.100.01

550 5320,05

1102581,-100

5,500

11,000

12,100

0.1

5500.5 38

1,100

1,210

1.0
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Table 19. Interpolated, vertically averaged sediment concen-
t=ations  "! at various distances   "! down the plume
centerline interpolated from Table 17 an" Table 18.



p!tt. 3tk prolected excess suspended ssdimern Concentrations irng. I'! in plumes ttenerated at Old Orsnard Sheet and Eaat Sank
sites with a mace input of 13.23 kg,s'. Current veotcrs  rrOm Doyle and Wilson, 1979! are shown for intermediate water depths.
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Fig. 3t: pruteCted eXCeSS SuSpended Sediment COnCentratinna tm". t'; In S plume gerreraied at the Eaat Bank Site With a maSS in-
put Of t t.02 kg.a', Current veCtarS  frpm DOyle and WuSOn. f979! Sre ShOWn far interrnediaie water depthS.
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Distance
from source

 m! C  mg ~ 1 '!

2,336

510

110

550

255

1.323 ~ 10' m s51

0

2, 258

426

100

550

204

27

For y = 0.8

Distance
from source

 m!

Max.
plume width

 m!C mg.l '!

2, 274

577

110

55550

110296

32 550

1,100

1, 2100

105

Table 20. East Bank nomograph concentra-
tion values  C! at distances z for a
processing plume with a sediment discharge
ate of 11.02 kgb s ' and Cz = 6.987

6,987 ~ 10' mg 1 '. All othez conditions
identical to those in Table 18.

F' or y 0,1; C �0.62! G z"!/ �!

1,100

5,500

11,000

12,100

For; = 1; C = �.26! G z'!/G�!

1, 100

5, 500

11,000

12,100

Table 21, East Bank interpolated, verti-
cally averaged sediment concentrations  C!
at various distances down the plume
centerline interpolated from Table 20.

1,100

5,500

11,000

12,100

If, in each of the preceding cases,

we had washed to determine the distance

along the plume centerline at which the

excess suspended sediment concentration

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

we could go back to the nomographs for

0.1, 1 and the appropriate w/u. Enter

the nomograph in Wilson's Figure ld for

each y with the value of ~/u. Proceed up

the curve for the value of y and obtain

the Ccncentration [G�, ~/u, y!] at unit

distance. This is the valve of the con-

centration when z" = 1. To find the value

of G l, w/u, y! at hat concentration in

physical units, we must know the scale

factor used to ncndimensionalize the graph.

Xt was 9/ ~e'Dt! . Thus, for conditions

in Table 17 at ~ = 0.1 the scale factor is

~ l cm'.s '! �50 cm! �.21 h! �600 s-h '!

1, 346 mg cm

at z 1, G �, w/a, y! equals the concen-

tration at unit distance �.5 ~ 10 ' at

y ~ 0.1! timea the Scale faCtOr, reaulting

in a concentration of 134.6 mg.l ', To

find the distance at which specific con-

centration occurs, e.g., 50 mal ', we

enter the ordinate of Wilson's Figure la

 y = 0.1! at the value of the ratio

of 50/134.6  = 3.7 x 10 '! move across the

curve for the appropriate ~/u and then

down to the abscissa to find the normal-

ized value of z". Once again, we must

determine the scale factor of z, which was

t»t. Zn the first example, this value

is �1.83 cm s '! �.21 h! �600 s.h '! or

7.12 km. Multiply this scale factor times

the abscissa value of z"   0.99! to get

7.05 km. Thus, for y 0. 1; w/» 0.03, a

50 mg 1 ' concentration would occur 7,05 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 1 ' at y 0, 1, 1, At the bottom

each table i,s the linearly interpolate

value for the appropriate y in each case.

The isopleths for 50, 100, and 500 mg

are also shown in each of the Figures, 30

and 31.

The preCeding Caaee were used tO

demonstrate the extent, shape, and



Table. 22. The distance at which 50, 100, and 500 mg 1 ' isopleths
occur, and the width of the plum , Gn the Old Orchard Shoal for
y = 0 .1, 1 and interpolated for v = 0 . 64 .  a! v = 0 . 1;  b! y = 1;
~/u = 0.03 and q = 13.23 kg ~ s '; xi = 7.12 !:m.

50 100 500

a b a b a b

0.37 9.49 C.74 19.00 3,70 94.90

0.99 0.40 C.98 0.23 0.60 0.05

Distance from source  m! 7,049 2,848 6,974 1,637 4,270 355

Interpolating for y = 0.64

50 100 500

4,360

Table 23. The distance at which 50, 100, and 500 mg-1 ' isopleths
occur, and the width of the plume, on the East Bank for y = D.l, 1
and interpolated for y = 0.80.  a! y ~ 0.1;  b! y = 1; w/u = 0.2
and q = 13.23 kg s '; zq 9.963 km.

50050 100

Concent=ation  C! a b a b

G �, w/u, v! /C 3.91 9.80 7.81 19.60 39.10 98.00

0.61 0.40 0.33 0.23 0.06 0.05

Distance from source  m! 6,077 3,985 3,288 2,291 . 598 498

In erpolating for y = 0.80.

'0050 100

518

106

Concentration  C!

y!/

 m!

Plume width  m!

 m!

Plume width  m!

4,403

440

3,558

356

2. 490'

249

1,764

176



Table 24 . The distance at which 50, 100, and 500 mal ' isopleths
occur, and the width of the plume, on the East bank, for y 01, 1
and interpolated for y 0.80.  a! y = 01.1;  b! y 1; w!~ - 0 02
and q = 11.02 kgb s '; x> = 9.963 km.

50 100 500

Concentration  C !

"�, u!/s, y! /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  m! 4,981 3,786 2,291 2,192 498 498

interpolating for y ~ 0 .80:

100 500

2, 212 498

221 50

107

 m!

Plume width  m!

a b a b a b

4,025

403



ure of ence.e suspended sediment

resu! tirg from the processing of

sediments at or near the mining site. We

selected a number of variables frorr the

iiterature regarding tidal current veloci-

es and directions, plume age, water

depth, sediment settling velocity, etc.

These selected values are probably real-

istic, and we exp'ored 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, al' plumes

are long and narrow. Schubel et al. �978!

described plumes in shallower embayments

w'th lower tidal current velocities as

being relatively short and wide. In shal-

low waters with low current velocities,

wind driven circulation becomes more impor-

tant in determining the structure and

shape of the plume. Zn the Lower Bay Com-

plex near the proposed mining sites, wind

stress is not expected to be the major

factor affecting the structure and direc-

tion of the plurne because of the high

current speeds.

The one variable that is most sus-

pect, cr least accurate, is the estimated

source term, q. The variable q is the

most important one in determining actual

concentrations of sediments at distances

the plume. We have relied on proc-

essing rates estimated by individuals in

the industry, and then concluded that in

were'.. cases the amount of material dis-

posed is 15 to 35% of the sediment

harvested. ln certain locations, this

discharge may be lower because sediments

are nct so fine, There are no hard 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 attainable at sea.

Nonetheless, by assuming ~ere -.' ccrrec we

can be certain that we have covered at

least the most drastic circumstances.

Furthei, it is important to note that

the nodel predictions along the plume

centerline are vertically averaged values,

and the assumption is made that the water

co'umn is homogeneous. Data collected by

Swartz and Brinkhuis  l978, 'indicate that

the water column chemistry in the two pro-

posed sites is, in effect, homogeneous.

Doyle and Wilson �978! indicate that cur-

rent soeeds at the surface and inter-

mediate depths and near the bottom are

similar but. the direction is not.

Hig 3 tidal current velocities can

cause resuspension of bottom sedi.ments.

Likewise, an irregular bottom may create

vertical shear stresses, resulting in

greater resuspension of sediments near the

bottom. The model can not predict the

extent of resuspension; it can predict

only how far sediment discharged at the

surface will be borne by tidal currents

before it settles out. Xn 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 =res case=- proba�

bly covers the additional amounts of sus-

pended sediment due to resuspension near

the bottom.

Ambien 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. �976a!, and Duedall et

al. �978! provide some data regarding sea-

sonal levels as well as one tidal cycle

study near the proposed mining sites.

Typical suspended sediment 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

minirrg a=ca while the West Bank Station  F!

is located about 3 km due east of the tip

o+ sandy Hook, half way to the Ambrose
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West BankEast BankDate

3.5  E!

6. 5  F!

6. 3  S!

5. 9  E!

5-XI-73 6. 4  E!

14. 0  E!

14. 3  F!

12. 5  F!

13.1 {E!

14.2 {F!

22-I-74

12.9  S!

16. 3  E!

15. 2  F!

20- = v'-74 10.6 {" !

12. 7  E!

14. 3  S!

13. 3 {F!

21. 1  F!

15. 6  S!

21.8  E!

25. 8  S!

26.6  F!

10. 6  F!

13. 6  E!

38. 5 {S!

24.3  F!

5-VI-74
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Channel along the Sandy Hook-Rockaway Pt.

Transect. Figure 32 depicts surface 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 vat.ues

are typical of estuarine waters along the

east coast {Schubel, 1974; Bond and %cade,

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 concentrat,ions
 mg. 1! at two stations in the I,ower 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. �976a!.
Data are averages of 3 readings taken near
surface, mid-water, and 2 m above bottom.
S = slack, F = flood, E = ebb.

Sys 'neefe of S'depended
Part~.'cuIate Zffe ts

Qr anisms Present Hear Min n Sites

It was noted in Predfctfo~ of Sed-tweet

FIumee that processinc  screening and

washing! of mined material may result in

localized areas of high suspended sediment

concentrations. Such of the material in

suspension is relatively coarse and settles

out quite rapidly. The suspended sediment.

plume model predicted that excess susoended

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 orocessing operation

would be conducted on flooding tides, when

sediment would be carried into the Lower

and Upper 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, extent, and structure

of the suspended sediment plumes now have

been character'ized. The next. step is to

determine which organisms are potentialiy

under the influence of these plumes

Let's first examine the East Bank site.

The only reported data on organism

distribution and abundance on or near the

East Bank are those from Woodward-Clyde

�975a,b!, Steimle and Stone �973!, and

Brinkhuis �977-1979! . A comoosite list

of species and maximum abundances in the

East Bank area are shown in Table 26.

The scecies listed in Table 26 are not

present at all times during the year.

Seasonal patterns of invertebrate abundance

on the East Bank has only been reported by

Steimle and Stone �973 - see Appendix

Table 7!. Examination of monthly totals of

organisms per square meter indicates that
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Table 26. Maximum abundances of fauna  V m ! found in densities > 100-m in East Bank
areas that may be affected by mining and susoended sediment plumes. Fish densities are
on a relative scale of 1 to 5 � = moat abundant!. Based on reports by  loodwaxd-Clyde
�975a - Sta. 2 not included � see text!, Steimle and Stone �973 � Transect A!, and
Brinkhuis �977-1979!. An asterisk  *! indicates literature available on suspended solids
effects on that organism or a closely related species.

aax imum
Abundance

Maximum
AbundanceFishesXnvertebrates

>l '+t us edu ts 4n=hoa mitchi lli111,000

1,955 Stenatosus chrysops

ScaohthalnIuS aauasus1,400

1,020 ?seudooleuranect s arrIez''Canus 1

785 au+aaa oni tie

4r.rr:Oahtee americanue785

Peprilus tpiacanthus

4'lasa aestivalia

?ara-. hazus s inc sue 785

gvalipes ocellztus 670

aniadella grac '.' Sngz'r=ulis euvustale

."~et l ucci us bi lineati s

650

610

Brevaovtia tyrannus

Renidia merridia
5 5

Sr i s u l a s o l i d".' s s i -.. "

l 2 ' a ok" 340

Thats acutus 335

r'a setosa 320

hinaraohni us ocrr.a 320

~ev' dan 'tus ta 270

? atohaustavi us deichr.znnae 240

215» c '- a - z s e 7? a t.

lasso -a."z!a 190

nc' a c. vr'a» tz 175

se r ~m-srrra "a 175

-n h char

..t. ' u,f

r nz a 't lie

175

160

zuni. r a
~ 7 145

130

130

8asrso !ha e e "te nua ta

Nematoda spp.

Cirratulidae

Oligochaetae

Sanmothae imbnicatz

.Vere ' s succi re a

Sp-'o fi licor nis

Cancer ivrovatus

600

580

385

2 2 3 4 4



:<aximum AburdanceInvertebrat.es

62,000

21, 60

d,090

1,373

8 =ca <. ts

p'ai i.a e ' raine../'.a

Fa..d ',',.ar . tii aar .s 780

510

370

358»acr'. a

»viie ~'"r ut3 260

230sp

: asar! ~ i.s 155

1508'itc aetaaa

e 150a-»a sp.

ver~a te»a'.~» 133

7-;ar ..tkae ectenuata 113

Fishes

i<»r a u a a >i t - a '!:

Fa»a, i c!it., e dr'",ta ! e

err'' i. is tr "'.-. aii tkri."-

F a r.'! a t a

i'a ea. r i»a» e» a

<»y», »

a'~ ' t j» ~ » sa

T a w t a ~ «' a Y i. t " 8

n!-as' e, .. i sr i ma

Brev= a. t ' r t:»rane'i;.

r-.»!c »»i,»e

ii a» e» '-'!i.=

pr ft>'.at!is are i!i

112

.,ax....um numbers occur du ing the late

soring, sumimer, and early fa11 mcnths.

The lowest irumbers are found betweer.

November and April. T!ie blue mussel,

< =a e, apparently dominates

aburd ance� . However, s uc i es underwav by

this author indicate that very few

are ound n the East Bank within, or nea

the proposed minir.g site.

Th abundan c c fishes on the East

Bank has not been reported in the litera-

t ure. There is a lack of quantitative and

seasona1 da.a 'r: this area. The qualita-

tive rani.ing of fishes in Table 26 is based

only on orelimrnary data from this author' s

observat'ons dur'ng 1379 and 1980  and

ongoing! studies. The most common species

appear to be the bay anchovy, .',n

However, abundances of fi shes art

numbers of snecies on the East Bank are

generally low thrcug?iou the year, The

seascnal fish surveys presently being con-

duct.ed ty this author will provide a more

q antitative base o- knowledge on fish
d'varsity and abundance.

The distrioution and abundance of

fauna in the vicinity of the proposed

West Bank raining si e has been character-

.ized by severa1 quantitative studies.

Walford �971! and Dean �975! described

the diversity and abundance of inverte-

brates. However, no data are available

on seasonal di stributzon patterns. Wilk

et a1. �977! conducted studies on tem-

pcral variations in fish species and

abundance  Areas E and J � see Fig. 29!

Table 27 indicates the maximum

abundances of invertebrate species reoorted

by Walford �971! and Dean �975! to be

present in numbers greater than 100 m

a.. the Old Orchard Shoal site. The corn-

munitv on the West Bank appears dominated

by the small bivalve, .e.».-.a pea.-.a, and
the soft-shell clam, l>sa ar enar.'a. The

diversity and corposit'on cf this com-

munity is quite different from the cliarac-

teris ics of the East Bank. These data

indicate lower abundances and d' versities

-2Table 27. Maximum abundance  > r.; ! o
fauna found in densities '00 m 2 ir. West
Bank areas ha. may be affected bv mining
and susoended sed'ment pl!ries. Fish den-
sity.es are on a relative scale of 1 to 5
 ' = most abundant!. Based on repor s bv

Dear.   975!, Wal ford �971!, and Kilk e
a' . ! 1977! . An asterisk  ~! indicates
'iterature available oii suspended sclids
ef-ects on that organisr. or a closely
related spec'es.
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aze present on the West Bank, The seasonal

faur.al surveys being conducted by this

author will provide greater detail on pat-

terr.s of invertebrate abundance. Pze-

liminazy data indicate that many of the

species reported by Walford �971! and

Dean �975! 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

invertebr'ate 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. �977! . The species

of fishes caught here are essent'ally the

same ones reported on the East Bar.k  see

Table 25!. Although con:paring 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 Nest Bank. Fewest species

and numbers are caught duz ing the spring

and late summer months. Preliminary re-

sults from the authoz's surveys during

1379 and l98 ! suooozt the findings of

Wilk et al. �977!.

General. EffeCta Of �ininc 0 eraticns

A discussion of the biological

effects  ssrrsx szric:x! of sand mininc

and processing in the Lowez Bay of 'Hew

York Harbor cannot. be limi ed to the

effects on organisms inhabiting the area.

Sedirrents discharged into the water during

and after a screening operation are af-

fected by physical and chemical. oroperties

of the water column and bottom, as we' 1

as by organisms themsei res. Before

discussirc the irrpac s on organisms, we

wil' examir;e how discharced sediments are

affected by these other parameters to

illustza.e the complexity or interactions

between +hem.

Slotta *..d Williamson �974! reriewed

the aeneral features of impacts associated

with estuazine dreding and spoiling.

These sar.".e features wou d apply to sand

mining operations. The impacts rncluder

altered circulation patterns

physical removal of organisms

burial or orcanisms

5! oxygen demand and sulfides

6! 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 Z;~s=.s cf S'aspen"sd Pzrsicu-

ratsd cn Jrparrises.

�ining of bottom sediments results in

irregularly shaped holes. Several Such

holes already exist in the Lower Bay  Swartz

and Brinkhuis, 1978!. Wong and Wilson

�979! found that these holes altered

current flows, depending on their size and

location. Further study by computer simu-

'ations 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,  '979! found

that the locations of certain holes may

corcentrate wave rays along certain shore

points of Staten Island, Again, the mas-

er'tical areas appeaz'ed to be Romez Shoal

and Flyr.ns Knoll. These combined forces

could act to irczease local shore erosion

vates along Staten Island's caste n shore.

Further, Swaztz and Brinkhuis �978! 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 perm t adequate circulation

to corrpensate -or biological and chemical

oxygen demand of . he water column and under-

lying sediments. This ohenomenon was only

observe above wes" Bank holes, and not

above East Bank holes. The wats s or. the

East Bank apparently were well mixed and

exchanged with the clearer waters of the

Holes could probably be mined on the



Vest Bank withou. water column arjd cizcu-

iati r. ir.,pacts i care was taken ir.

choosirg mining sites with regard tc
1c' at on and s'ze. Such holes shoul

have exchar,ge  connection! with neigh-

boring charms's or other holes. They

should not be located on Romer Shoal o=

ynns J'nell. CS course, all circulation

impac s could be rinimized if mince holes

were backfilled with d.-edge spoils, as

has be n pzoposed by numerous agencies,

e.g. sew Yo k Of 'ice of .>eneral Services

and v'.S. Army Corps of Lr.gineers.

Ph sical removal

The most apparent biological impact

of mining pertains to the removal of ben-

thic biota. The biota would probably be

killed during mining operations, although

there are no data available to sugqest

susceptibility of certain species or kill

Sector's in general. Sessile forms would

be mcst affected but there 's some evi-

dence that mining/dredging attracts

feeding motile forms near disrupted sedi-

ments. The significance of this latter

effect is not known.

r4ining may expose sediments of a

different texture, grain size, and poro-

sity. This might affect recolonization

from ad!scent populations that survive

the operaticns. Harrison et al. �964!,

Sails et al. �972!, and Slotta et al.

',1973! all dete,.ted inmediate increases

ir. infaunal populations after dredging,

and a fairly rapid recolo~ization did

occur. However, adjacent are~s were

characterized by high organism density

and diversity. Density and diversity

in the Lower Bay Complex are generally

lcw, This would certainly affect re-

population rates in the Lower Bay, he

U.S. Army Corps of Engireers is presently

sponsoring a study in the Lower Bay,
part of which will examine recolonization

of dredged sediments placed in mined

holes. That study should provide data

wnich will permit Letter determination of

local recolonization rates.

One further moint to be considerec

is what has happened to b'ota density a..c

diiersitv in the ex'sting boles tha were

r..ined approximately 10 years aao. Studies

by this author found tha these holes on

thc Vest Bank filled in with 70-90 cm of

highly organic sediment. Verv few orqan-

isms were found, L'ttle or no organic

r. auerial accumulated in East Bank holes,

and organism abundance was somewhat

greater  see Tables ll and 12! . The

organic material orobably accumulated due

to restricted circulation and exchange.

This material is apparently unsuitab'e foz

most species, either. due to the fine grain

rature of the sediments  Swartz and Brin!.-

huis, 1978! or associated toxic ef Sects of

material associated with the organic matter

and low oxygen levels. Except for a th'n

sur ace layer  < 5 mm!, the sediment.s ir

irest Bank holes are anoxic most of the

vear. Again, if a plan o backfill holes

wit! dredge spoils capped by a clean sandy

layer were implemented, these effects

would be considerably reduced.

Burial

Burial of organisr.,s is a factor

critical only downstream of the plume

generated by screening operations. As

irdicated previously, most of he meterial

discharged .;ill settle near the discharge

po'nt, along a narrow band. The abil:ty

of biota to survive burial in these areas

depencs primarily on their behavior and

morphn1ogy. Burrowing polychaetes and

bi'alves have been shown to survive burial

by up to 21 cm of sediments  Saila et al.,

1973! .

Between 98 and 99K c f the sediments

discharged into the water near a procer.-

sing barge will raoidly settle to the

bottom  Schubel et al., 1978!. Most of

the rapidly settlira material will con-

sist of 0'h e undesirable fine grain sands.

This material will probably fall to the

bottom as a density currer.t rather thar.

individual particles  Gordorr, l974!, and

will be ceposited with'n a few hundred



me-ers of the processing operation. 'rlhen

this material falls on hard sandy sub-

s rates, there will not be much of a den-

sity surge, or wave of sediment fiowing

out near the bottom. Gordon �974! hypo-

thesized that such density surges will

only occur if there are much silt ard clay

in the discharged material. Typically,

sediments in the prooosed mining sites

contain less than 28 silt, plus clay by

mass  Kastens et al., 1978!, Qf course,

these observations are only valid in con-

sidering a flat bottom. Ridges cr sand

waves may cause some material to be

jected back into the water colum, 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. r4any of

these holes have an irregular bathymetry,

and the effect of this bathymetry on

settling material is also beirg 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 relatively high porosity. Zt

vill therefore, be more susceptible tc

resusnension and lateral transport by

bottom currents. Gordon �974! indicated

that only about 1't of the material vill be

transported laterally by the density surge

beyond 100 to 200 m of the impact area.

Qn the other hand, B ggs �970! found that

as "uch as '2W of the material eposi ted

on an underwater spo=l material in Chesa-

peake Bay had "disappeared" 150 days after

deposit'on. The last mat rial was probanly

transported by the bottom current, whose

velocities are similar to those found in

the Lower Bag waters, Uittrouer snd

S.err.berg �975! determined that spoil

mounds o f'ne grained sediments in pugot

Sound shrank in s' ze withir. four months

of r!eposition. Only 16% of "he orr.ginally

c.eposited material rerairred. The authors

elt that this was princioally due to
-1

! ottom currents of 50 cm s similar to

those found in the Lower Bav. Other rea-

. ons for the "disappearance" of the spoil

rround include loss during disposal and

rrater loss during consolidatior., after

settling on the bottom.

It should be pointed out, however,

hat these previous studies have a11 dealt

rrith the disposal of sediments containing

.arge silt anc clay fractions. It is con-

ceivable that 'n min.ing sand deposits in

he Lower Bav, overburdens containinq

greater quantities of silt and clay mav

:rave to be disposed of in processing.

.rlthough this situation was not examined

n the modelling scenario, there is enough

.vidence in the literature to predict what

iay happen to such fine material. Gordor.

�974! and Schubel et al. �978! observed

:hat much of the fine material rapidly

settles near the discharge. !' asch and

;psey �967! found that when dredge wash

vater contained 80% or more silt and clay

sy weight., the sediment tended to floc-

.u1ate into density layers. Such highly

=orcentrated silt and clay overburdens are

iot to be expected in the Lower Bay

 Eastens et ai., 1978!.

The mininq scenario described pre-

riously indicated that a tvoical barge

�00 m capacitv! would reject 355 as un-3

suitable fine grain sediments. If we

assume that all  worst case! of this

material settles within a 250 meter radius

zf the d'scharge, we can calculate that

the 245 m d'scharged would spread zn a3

layer ap roxrmately 0. 62 cm thick. crl-

thoucrh such discharges may be piled some-

wha higher near the source of the dis-

=harge, the sediments will have a high

water content, and would likely spread

even thinner and further by sediment e-

suspension due to t'dal currents and wave

action.

On he other hand, sess'le soecies

are orobablv killed by burial of any mag-

nit de. Saila t a'. �972! reuorted
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acu e kilis from burial of various benthic

organisrrs. Bowever, Slctta et al. '1973!

indicated that be~thic infaur;a readj ster!

to former abundances within a few weeks

after dumping of credge spoil. Zt has

been sucrgested that rapid recoi eries in

disturbed sediments is attributed to a

resis ant biological population  Slotta

et al., L973! . This finding, however, was

in an area of reLatively !iigh abundance of

man! species. Zt is not known if such

rapi recolonization would occur in the

generally impoverished Lower Ba! . Agair.,
the research beirg conducted under the

auspices of the C.S. Army Corps of

Engineers will provide some indications

of recolonization ."ates.

Nutrient release

During mining/screening operations,

sicnificant concentratior,s of nutrier.ts,
prirrarily various chemical forms of nitro-

gen anct phosphorus, will be released to

the water columr.. For examp!.e, Cronin et

a'. �970! reported increases near dis-

charges from 50 to 1,000 times ambient

levels. No increase in phytoplankton

was obser'ved in this Chesaoeake Bay study.

wir,dom �973! also reported large nutrient

increases in his study of five estuaries

on the southeastern coast of the United

States. In contrast to Cronin's study,
he found significant ir'.creases in algal

growth in experiments where dredged sedi-

ments wer.e incubated in bottles containing

receiving waters. Stimulation of algal

growth was also observed at dredging sites.

Schubel et al. �978!, on the other hand,

did not detect significant increases in

nitrogen or phosphate concentrations in

sediment discharge plumes in Apalachicola

Bay  Florida! . They did not, however,

examine phytoplankton growth characteris-

tics.

hater column nitrogen and phcsphorus

concentratiOns in the waters of the Lower

Bay Complex are among the highest reported.

Further, phytoplankton productivity is

the highest reporteci in the litera ure

 Garside et al., 1976!, Ammonia-nitrogen

supports the larqe oopulations o ohvtc-

rlankton an ' phytoflagella es �lahoney ard
<cLachlan, 1977! . The ma3o=ity o ammonia

is de=ized from sewage inputs  O'Cor.nors

and Dueclal', L97S! . C'ars' de et al. �976!

and ~ahoney and McLachlan �977! indicate

-hat dense b'ooms of planktor, ir. Lower Bay

waters become light limited rather than

nutr'ent lim' ted. Suspended particulates

w li further reduce water column light

intensities. Therefor'e, it is unlikel!
that rutrient release from rr.' ned seciments

w'1' result in a further increase ir. ohy-

toplark .cn production . Further, Schubel

et a'. �9 78! found that sources o nu-

trients from sediment discharges are rapidly
diluted. There are no reoorted effects of

elevated nutrient concentrations on other

o ganisms

Oxv en demand and sulf ' aes

.~lining/screening of sediments mav re-

sult in the release of organic and inorganic

materials that can increase oxygen demand

in the receiving waters. he r.ajority of

this demand is ascribed to chemical reac-

tions. For example, various iron sulfides

are readily oxidized. Numerous authors

have noted that iron and manganese were

scavenged by suspended matter and reshly

formed hydrcus oxides. Schubel et al.

�978! did r.ot detect anv decrease in dis-

solved iron and manganese water column con-

centrations during pipeline discharges.

Aitheuqh considerabl.e amounts of reduced

particulate matter with a high potential

oxygen demand might be introduced to the

water during miningfscreening operations,

only a small proport'on will be reactive

during t.he time scale of the opera ion and

the settling of particulate material.

Between 95 and 998 of the materiaL dis-

charged is deposited close to the discharge
in a tir.":e scale o- tens to hundreds of

secor:ds  Sc.hubel et al., 1978!. Therefore,

the water columr. oxygen decrease is less

than might be expectec! from either cher,.ical

reaction calculations or organic carbon

analysis, Once discharged material has

settled, its oxvcen demand is initially
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dependent on exaulsion of interstitial

wa er during compaction processes and

ther. is diffusion limited {Schubel et al.,

1978!. Schubel et al.  l978! noted oxygen
-1sags of 0.4 mg 02 g  from chemical

-1
reaction calculations! to 1.1 mg 02 ~ g

sediment  from coze incubat'ons! . Oxygen

depression in surface water ranged from
-1

0,2 to 6.0 mg ". in shallow waters 0,6

to 2.1 m deep. The largest deuzessions

were generally noted in the shallowest

waters.

Swartz and Brinkhuis �978! found

low oxygen concentrations in waters above

West Bank mined holes in the Lower Bay

during the summer months, values ap-
-1praached 3 mg 02, I . Durinc the remain-

der of the year, and above East Bank

holes, oxygen concentrations were near

saturation, The study indicated that

sediment sulfide concentrations in un-

disturbed East Bank hole sediments were
-1

low  approx. 50 .g sulfide,g sediment!

but were high in organically zich West

Bank hole sediments  up to 868 ~g sulfide

.g 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 miringjsczeening

of Lower Bay sed'ments will create an

oxygen depression. To a large extent,

such depressions could be minimized by

concucting these operations during cooler

months of the year. This will decrease

both biological and chemical oxygen de-

mand at a time when water column oxygen

concentrations approach or exceed satu-

ratior:. t 's belzev'ed, though, that

du"znc the time scale of a tidal cycle,

most of the chemical interactions will

occur duri.ng the injection of water into

maned sediments oz processing puzaoses.

Afte sediments are directly 'n contact

with the water column and while they are

suspended in the plume, little further

chemical interaction will occur. Chemi.cal

oxidation and other reactions occur gu te

rapidly in relation tO the age Cf a fully

developed plume,

While the mined sediment is in contact

with surface wate s during processing and

descent to the bottom, it may undergo a

neer of chemical interactions. Coastal

mirine sediments, especially in harbors,

a.e normally reducing a few centimeters

b law the sediment surface. Many muddy

s .diments also contain reduced chemical

complexes, e.g., metal sulfides. Hateziaal

removed bv a bucket-ladder or clam-shell

d:edge will remain "intact" during trans-

p>rt to the loading barge. However, when

i = is processed, this chemical irtegrity

wi.ll be altered by mixing with large

a.nounts of oxygenated sea water. Reduced

c zemical forms will be oxidized, thereby

p~tentially releasing "trapped" metal ions

 :ambzell et'al., 1976; Khalid et al.,

1�8! . This oxidation process also "con-

s rmes" oxygen from the water, resulting

i i an oxygen sag in the discharged water

 Schubel et al., 1978! . Sediments in the

L >wer Bay are reduced but are relatively

1 ~w in sulfide concentrations {Swartz and

B:inkhuis, 1978! that may trap metals.

Metal concentrations in Lower Bay

s diments near the proposed mini.ng sites

a "e lower than other areas within the

Lower Bay Complex  Grieg and ' cGzath, 1977!

T xe highest metal contaminant levels aze

f ound in Western Raritan Bay and Sandy Hook

Bay. Using an arithmetic mean of all

metal  cadmium, chromium, copper, nickel,

1 sad, and zinc! concentrations, they found

teat sediments east of the Ambrose Channel

had the lowest concentrati.ons  - 9.0 ppm!,

4t an cor centzat' ons near the proposed West

Bink mining site aopzoached 67 ppm. Cad-

m';um, chromium, and copper concertrations

ere generally low. The authors noted that

highest concentrations occurred in the

w nter. Concentrations of most metals in

s diments af Raritan and Sandy Hook Bays

w zre an order cf ma-nitude greater. Grieg

a id .'{cGrath �977! indicat that the pat-

t .ms of sedimer:t metal concentrations



coxrespond almost exactly to the faunal

distribution of < cGzath !1974! an= the

sediment pattezr,s described by DeFalcc
�.957! .

lt is like'y that some metal species

will be released to the r ater column during
mining/screening operations. Zt is ur.-

known, without direct measurement, how

signi icant this increase might be. 4ost

studies to date or. dredged material dis-

posal have shown little or no release,

primarily because material sinks to the

bo tom in a rapid >et, minimizing ir.tez-

action with the water column. On the

other hand, screening will in3ect large
amounts of water into the sediments.

Release of metals under such circumstances

has not been extensively studied ir. pol-

luted sediments  Schubel et a3 , 3.978!.

Further, waldhauer et al. �978! and

Seeligez ar,d Edwards �977! indicate al-

ready high lead and copper concentrations

in some waters and algae of the Lower Bay

Corrplex. No data have been reported on

organism metal concentrations in the Lower

Bay Complex. It is doubtful that a release

cf metals from processed sediments could

be detected above ambient  also highly

variable,' wat.ex' column cor>certrations re-

ported by waldhauer et al. �978!. Schubel

et. al. �978! found increases in manganese,

copper, and chromium near the discharge,

and this was associ.ated with pax'ticle con-
3ceritrations near or exceeding 10 mg-I

Conversely, iron concentrations were Iow.

Yo well defined p!.ume 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-

stitia3. water corcentzations of zinc,

copper, chzor.:ium, cadmium, and lead pre-

cluded any substantial release of these

metals.

axbons

No studies have thus far been reported

on hydrocarbon concentratior.s in Lower. Bay

Comp3.ex sediments. Hydrocarbons would

include oils and numerous pesticides.

Searl et al. �977! did, however, examine

nonvolatile hydrocarbon concentrations in

surface waters of the Lower Bay complex.

ihese r.onvolatiles are comozised onlv o

oils with cax'bon chains of 14 carbons.

They found concentration- near the Ambrose

Crannel to be a factor of 10 higher thar.

offshore. Highest concentra iona were

fcund near r]anhattar and easterr, Raritan

Bay.

Brinkhuis  unpublished data! collec-

ted three sediment cores in one of the

previously mined pits tha. has since ac-

cumulated oxgaric matter. Since mary

hydrocarbons, including oolyviny1 chlox ide

biphenyls  PCBs!, are free:uent3y associated

with fine and organic particul.ate matter

'Chytalo, 1979!, it might be exoected that

these pits would reflect maximum expected

concentrations of hydrocarbons, Several

layers in these cores were analyzed or

the PCB Axoclor 1254. Corcentrations were

found to range fzom 0 to 0.57 oarts per

million  ppm!. These are apparently not

oarticularly high concentrations. Further

upstream in the Hudson, near !<anhattan,

PCB concentrations in sediments are re-

ported to be about 3 ppm  Bopp et al.,

1979!, No other data have been reoozted

foz the area.

Effe t. f S nded Pazticulates on

Omni sm

Several recent reviews, e.g. Sherk

and Cronin �970!, �orton �976, 1977!,

"loore �977! and Stern and Stickle �978!,

have oointed to the comolexitv of sus-

pended sediment effects on marine biota.

These effects may be sirrplistically divi-

ded into direct anc irdirect effects.

Dixec effects include smothering, clog-

ging of respi.zatorv structures, filtering

apparatus and the gut, and abrasion of

tissues, Indixect effects include tempera-

ture, salinity ard oxygeri effects at the

metabolic 1evel  Haefr.er, 1959; 1970!.

The lather are more dif icult to ascertain.

Si..ce particles suspended bv dredging/

rsining ooezatior.s eventually settle ef-

f ects also» nclude population redi str ibu-

tion. 34anv species irhab' t oazticular
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gr'ain 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.

ln some instances, exoerimenta1 data i.s

given.

Problems arise in the interpretation of

auantified suspended sediment effects. As

Moore �977! indicates in the moet compre-

hensive treatment of suspended sediment ef-

fects, these difficulties arise fram: 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 l.pads

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 resoonsible for mortality.
'.re will first revier.. what is known

about the effects of suspended particulates

on di ferent taxa of invertebrates, fol-

lowed bv effects on fish species, found

near sediment plumes generated at the two

proposed minina sites.

Zooplankton include organisms that

spend their entire life history as plankton

as well as larval stages of invertebrates

ar.d fishes. There is no quantitative or

qualitative distribution data for zooplank-

ton re'ative to the proposed mining sites.

In r.".ost estuaries, zooplan!r,ton is dominated

br crustacea and larval stages of inverte-

brates. .'lost of these organisms are filter

feeder's. Sherk et al. {1974! observed a

significant reduct'on of food when the

cooepods ". r ~ re~nr = ~f" of.'8 and A=.".rt~.'

were exoosed to mixtures of seawater

and Fuller's earth, fine sand and natural

Patuxent Ri rer silt. Sullivan and Hancock

 l973! oostulated that suspended sediment

educes efficiency of feedir.g apperdages.

Toxic interact''ons with contaminated

mate ial adhering to tne organis. s ar' e

also suspected  Horton, 1976! .

Literature concerning suspended sedi-

nent effects on invertebrates is more ex-

pensive, however, much is qual.itative.
l'able 28 summarizes the literature concer-

ning effects on species that are found in

the Lower Bay as a whole. Species labelled

by asterisks occur within areas affected by

sediment plumes at the two oroposed mining

sites  see also Tables 26 and 27!. Most of

this material was derived from the compre-

hensive review of Moore �977!. Tables 29

and 30 include other invertebrates de-

scribed in the review of Peddicord et al.

�975! .

We noted in Tables 19 and 21 that the

highest concentrations of excess suspended
-1

sediments range from 2.9 and 2.3 gal 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 that most of

the suspended material will rapidly settle

in the area near the source. 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 about .0.5 g.l , and

the plurne has a width of only about 55 m.

Although most of the information

listed in Table 28 is qualitative, most of

the species appear tolerant of turbid con-

ditions. It is quite probable that many

of the soecies found ir. the Lower Bay are

there because they have survived r..any years

of onslaught from a combination of pollu-

tants and occasionally turbid waters afte"

major storms and oez'iods of high runoff

flow rcm the Hudson and Raritan Rivers.

The exceptions are =9='n sp.  Wolff, 19731,

nre-.f-'x!rr -,nru.' ..r.n  Johnson, 1972!,

« .'.'ia - so. {Moore, 1977! . Peddicord et

al. �975! data  Tables 29 and 30! indi�

cats that many of the invertebrates they

studied were quite resistant to turbidity.

Quite Low morta.lities were reported at
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Anthozoa

Mists}«id ' s  l951! reported B. tro,-".o", -s,. less
common in turbid situations,

.'4lilne �940! reported it less common on buoy s in
uzbid waters.

Polychaeta

,<jr,' c sp, Purchon �937! and t'1olff  l973! incicate !'r ."-..':-
d~ 'era''.color certainly not detezred by turbid
waters.

Emerson �974! found mcz'tality of trochophores
and metatrochs 50% in 96h exposuzes to 100:1,
l0: 1, 4:L, and 2. 1 seawater sediment mixtures.

",szt oicora' s Moore �977! indicates species inhabits sur zone.

sp Barnard �958! indicates F, lfpxf and :". .'m o.'.:
penetrates most turbid waters.

Leung �97 ! says P. c.l'.~c.ta is turbidity tolerant.

dpi o Sp Wolff �973! indicates S. rtort,.xe~«~a ir. olerant
of turbid conditions.

Wolf f �973! 'ndicates F. gaol,-ar:o intolerant of
turbid conditions.

'!i,". =-. t o ':; r r a s o o r; o,- e d " . u e Moore  l977! indicates that species may be vu'�
nerable due to clogging of mucus net filtering
apparatus.

ella sp Dales �957! indicated these fan ~orms found near
mouths of z'ivers with high loads of fine detritus.

Allen and Todd �900! found S. Pause n most
abundant in high salinity and turbid estuaries.

Crippen and Beish �969! indicate Fi. norse >i "
found in wide ranqe of turbidity in Los Angeles
Harb'or.

B; d."o ='des sp

Crustacea

J<oyse and Knight-Jones �967! suggested that
turbidity indirectly affects larval release in
B. Balonoleea. Siltr.reduces light, thereby
red>cing plankton blooms that normally triager
z'elease.

Baloney sp.

Purchon �937! indicates B. improv>ewe tolerates
silt pollution better thar most barnacles.

Barnard and Beish �959! report E. "=ui less
common in turbid water.

Plzemopss sp.

McNulty �961! noted E. Proter. eras occurred in
turbid waters.

Barnard and Beish �959! report spec'es commcn in
turbid harbors.

iases, el=ate
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Table 28. Znvertebra es present in the 'ower Bay Coriplex for which qualita ive literature
exists on suspended sedimeni effects. The s~ecies lis ed are all from Table 6. An
asterisk !«! ind cates the species pres nt in areas Po entiallv a fected by sediment
mining/processing plumes. Where no specific species is listed, literature exists only for
the genus or a closely related species.



Table 28  ccntinued!

A~osliaoa sp.

Meadows and Reid �966! indicate C. uolutator
juveniles swim more in turbid water.

C'or o" hi m sp.

Purchon �937!, Barnard and Reish �959! and
others indicate many tubiculous amphipods,
particularly Corophium sp. found as fouling
organisms in highly turbid areas.

Pfitzenmeyer �970! indicates ~'. pl~rn~losus co-
dominated areas in Chesapeake Bay spoil deposits
and turbid waters.

Z8otocdo/pua sp

Goodhart �939! describes 6. pi losus as using
suspended mud to build tubes.

Moore �977! indicated that Chardy �970! reported
5. dell/'uzi absent from turbid areas.

Stenothoe sp.

Moore �977! indicated a positive role of turbid
susoensions �.1 g.l3! on fat content and
nourishment of rV. integer,

i78oevsis so

Moore �977! indicates shrimp l. crangon fatter in
turbid waters where feeding is not restricted to
nighttime.

Cr anaor. sp.

New on �973! reports observations by Gray that
adult C'zan=on survived immersion for 14 days
in 3 g.l 1 clay suspensions.

Blackmar and Wilson �973! report Z. aran@or.
survived 72 h in red mud concentrations up to
33 g 1 1! .  See also Tables 29 and 30!

.=:o. ares a, r icarus Sherk �9'71! found species very z'esistant to turbid
conditions.

Saila st al. �968! found no effects or turbidity
on 1cbsters.

Wolf'f and Sandee �971! suggest high turbidity
inhitited occurrence of P. bertha daa,  See also
Table 30!

.=a=mr"s sp.

prudprsgasam and Naylor �964! indicate additions
of stspended oarticulates elicit short-term,
revezsible respiration increases.

goer aapnug

Bacesct �972! mai~tained that silt hznders
respiration in crabs.

Gastropoda

Fretter and Gz'aham  l962! state that '. .' .+'rails
avoir s turbid wate s,

or qa sp

�971! found that t rbidity decreases shell
h. Filtration decreased with increasing
ntrations of Kaolin and Fullez's earth,

allv between 0,14 and 0.30 g.l . above
.1 1, no reduction in basal filtration rate
red, He feels turbidity restricts its
nce.

Johnsor
growt
concE
espec
0.6
occuz
pres~

121

Mills �967! indicates turbidity might be responsi-
ble for ini iating feeding in tube dwelling
amphipod A, abdi ta and A. uadorurn.



.able 28 'cor .inued!

Clayton !19 4! noted that whelks have long s'phons
and are «dapted to local turbid' ty caused by its
own stirrer»g of mud and sandy bc tom.

«as,. as so

A'as ar ='»» s sp Kav and Sw ' tZer �974! found ras.cr-.'ws reetrioted
clear lagoon waters in the Central Pacific.

Pedd' cord et al. �975! found !!. = sa, ez'»s to be
unaffected bv 100 g.l 1 Kaolin after 5 days
 see Table 30! .

Bivalvia

». ma v. Levintcn and Bambach �969! reoorted that biotur-
bated layers may car se high juvenile mortalities
bv fou' ing feeding apparatus. Adults apparently
stabilize themselves in deeper layers.

Rhoads  !963! reports that Solaria is responsible
for much of the sediment reworking in Long Island
Sound. Adult organisms not affected by ensuing
turbidity.

».«c ~~s ~~a v r Loosanyff �961! reoorted concentrations of 0.1
c.l reduced pumping rate. Silt affected egg
deve' opment at 0.25 g .1 1 and larval development
ar 0.75 g,l

Loosanof f anc ommers  j 948! found pumping rate
decreased at 0.1 g.l silt and beyond.

Hsia- �950! indicated more turbid water increases
irregularity in respiratory/feeding movements
of shells. They died if settled silt covered
thea for more than 2 days.

Davis �960! indicated larval growth impaired at
0.75 g.l silt and died at 3.0 g.l .  See
a'so Locsanoff, 1961!.

Chiba and Oshima �957! found pumping rates was
nO. affeCted bV COnCentraticns Of 0.5 to 1.0ig. 1 'n»7s trsa

A'er senary' a mer aeecr 6 a Rice and Smith �958! reported short-term effects
on food removal efficiency.

Davis ',1960! reported normal-egg devejopment in
silt concentrations up to 0.75 g,l

Davis and Hidu �969! indicate larvae pack stomach
with small ingested particles of kaolin and
Fullers earth and die.

.Vul 6 n-.'c ' a+era! s

Sails et al. �972! indicated !»',»l ';or =a reached
throvch 21 cm of sediment.

Te l l«sc sp. Moore �977! cites Barnett as communicating that
bodv weight and size decreases in turbid waters.

'ra" aria aa=k'ca Purchon �937! stated the soecies rsay be restricted
to clearer waters.

Hoore �977! and Sails et a1. �972! indicate that
these deposit feeding tellinacea as a group
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Levintor. and Bambach ' .1969! indicated high 3uvenile
mortality in bioturbated layers. Adults stabilize
ir. deeper layers.



Table 28  ccntinued!

appear turbidity tolerant.

Shulenlerger �970! reported that catastrophic
burial of "edema by up to 230 mm sand and 57 mm
silt is survived for periods up to 6 days.
 See also Bellmer, 1967!,

de~ma Jemima

.Yya az ezzaz ia

Bousfirld and Leim �960! indicate oresencs in
highly turbid wat.ers.

Cephalopoda

Hoese �973! indicates closely related in-shore
species Lolz'pwscuFa bresz',s prefers intermediate
turbidi.ties �0-904 light transmission! while
offshore  Georgia, USA! soecies Dars~euin~s pie.'
limited to waters with at least 90% light trans-
mission.

 pa sp ~

Echinodermata

Moore �977! indicates A. zwbens inhabits turbid
waters,

Asterz,as sp.

Zafiricu �972! suggested turbidity may affect
detection ability of prey in A. rubens.

Ectcprocta

Moore �973d, 1977! indicates this bryzoan species
largely confined to turbid waters.

r'zy en su Kal71 sP

Knight-Jones and Jones �955! indicated . !e~..'='=e
appears to inhabit turbid waters.

t core �973! indicates E, "6'.asa ubiguitous in
turbid waters.

Z.'ecsna sp
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Purchor �937! indicates survival for limited times
in high turbidity  ll days at 1.25 g.l 1 mud and
15 days at 1.52 g.l 1 chalk!, Also oresent in
normally turbid waters.



Table 29. Crit~ ca~ concentrations of Kaoii;;. l; for. 10  LC 10!, 20  LC 20! and 50� l.

iLC 50!i percent mortal ry of some invertetir.=tes x'posed for 200 h �0 days!. prom
1-'eddicord et l.   975.!. Closest Lover Ba.� relativ in parentheses.

BPEC1ES LC 20LC 10 LC 50

4226 96
 .'i' += ns:~u.' s i'

n ' = i sr."= .;i 1 a --" 16 50
> 'ra>~, n sc' aii, ' n sat

77  not reached!

 None!

1810 32Cancer ~a".,;ster

t C' n'cs» trraratus!

3517C'n'saga .".ar~e ca>ij'ro ca'us

9ai"., ~a ra s sP !

irs ni tace ssactn%:a 22
 Same!
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Table 30. Comparison of the mortalities at 10 ! g.1 1 Kaolin of relatively insensitive
invertebrate species. From Peddicord et al.   975!. Closest Lower Bay relative in
parentheses.

.XPOSURE TIME  Da.! JCORTALZTYSPECIES

Stron-; Io entro tus =urpuratus

 barbar ta punctulata!

0

"ran-"on,~r an scorue 25

 .ranpon septe~sptnosa!

Fa ur'us rtt rsu't< uscu 'us

 Papurus ro  I fear".'s!

12

Sonaeroea oentodon 012

 C at!:ura ro'.ta!

7ass r 'r s obso Ictus

 same!

10:apes � apontca

 none!

10

10

 same!

rrannattens=s 12

 same!

St ela wontereuens s

:.Vopula sp. '

1012
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,'ly tilus eau'. 's

etta us eau us

�. 5 cm!

�0.0 cm!

�0. 0 cm!



suspended sedi men 6 concentrar. icns ranging
-1

from 9 to 100 0.1, far areatez t. an

those projected by the plume model. The.e

appears to be some evidence that prolonged

exposure for a week or so increases mor-

tality, provided the stimulus is continuous.

Mining operations in the Lower Bay will

probably nct be continuous for that leng h

of time. As suggested earlier, operations
should probably be conducted on ebbina

tides so that material 's flushed cut 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 cor!ducted on mortal' ty versus inter-

mittent exposures to suspended sediments.

As notec earlier, larval stages and

juveniles would be most affected by sus-

pended sediment levels and toxic inter-

actions. Accordingly, it would make sense

to restrict turbidity increases when lar-

val and juvenile abundances are minima1.

Stickney �973! suggests that. impacts are

reduced if turbidity increases are inter-

mittent, Cronin �970! indicates that the

periods of least otaldamage from dredging

and dispcsal are in February-March and

September-October in Upper Chesapeake Bay.

Table 5 notes that copepod zoopl,ankton

domirrate in the early winter and summer

while meroplarkton of other invertebrates

dominate ir the spring and summer.

Further, Pfitzenmeyer �970! indicates

winter/ear1y spring as least determinal

to benthic popr!lations. Therefore, Cro-

nin's recommendat.ion might also apply to

minina/screening operatiors in the Lower

Bay.

Several studies on the effects of

suspended sediments on fish have been re-

ported in the literature  Rogers, 1969;

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

et al., 1975; O' Connor et al., 1976!. One

interesting effect no5ed by Stickney �973!

is that fish are attracted to areas where

dredging/mining operations are conducted.

This :s primarily because of the exposure

of berthic in fauna, or food. After

dred!ging/spoiling operations have ceased,

n. w:.opulations of invertebrates become

established in over a twc year period.

Init!,ally, 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

available [Pfitzenmeyer, 1970; St!.ckney,
19: 3!,

The most comprehensive study of sus-

pended sediment effects on fish that are

also found in the Lower Bay is that by

Sherk et al. �974!. Table 31 indicates

the sensitivities of several fishes.

Tolerant species, including rrns tss ".ra '~-

'at!rs  hogchoker! and ?-,'.= =:a !-zr,-,=' cz;

 cr sk eel! have not been found locally at

t!re proposed mining sites. Hcwever, 9 c

.na.m~s aaaasus  windowpane! and /.,ma= ~ t';:

rrr.s. r'.=anrrs  sand lance! are comparable

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 type of existence tole-

rate some degree of suspended sediments.

Note that the concentrations producing

only 10% mortality after 24 h exposure

 LC10! were in excess of 10 g.l
Sensitive species  Table 31! include

rra..ca ar'' a!".6 l"'  bay anchovy! and

rtt'' tkrann~s  menhaden!, two typical

estuarine species. 'Bay anchovies occur

relatively frequently in the Lower Bav

 see Tables 26, 27!, especially during the

fal' months. Menhaden are less common

ove all, but are most abundant in the fall

and earIy winte" months. A 108 mortality

a ter 24 h exposure occurred in suspended

sediment concentrations between 1 and 9.9

g.l-'.
Highly sensitive species  Table 31!

irc!uce juveniles of menhaden and bluefish

  ssara t ~r s sa1.a.-. '.-.!, and adult silver-
s

sides  r$enr.s'6 a rnsn=cia!, Juvenile menha-

der and bluefish are most common during
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Table 3l. Sensitivity of fish species to suspended mixtures of Fullers earth at 10<!<
 LC 10! mortality. From Sherk et al. �974!. Asterisks indicate local species and/or
closely x'elated speci.es found at proposed mining sites in the Lower Bay  in parenthesis!

Tolexant �4 h LC 10 > 10 g.l !

Fundulus heterocli t zs

Funds lus ma�ali s

T.eiostomus xanthuru z

Ctsanus tau

Trinectes maculatus  Soorzhthalmus aquosus!

�ugisso2= marpinata  AmmoaBtes ameri canus!

-1
Sensitive �4 h LC 10 1 to 9.9 g,l

Honrone americanc

.".onz one scrat<.'2i s

Anchoa mitchilli

Bre <<corti a ty r annus

Micropooon undulatus  Prionotus carolinus!

CBnoscion reca lis

Highly Sensitive �4 h LC 10 < 0.9 q.l !

.'<e ni di a me ni ai a

Fomatomus saltctz" "  :!'uoenile!

Breooortic tl<rcnnus ,'; uz<en le!

.'<onrone ameri cna  �'uvenile!
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>e susuner months. Silversides are common

the spring and fall months  see Table

14!. Sherk et al. �974! indicate that

juveniles of most species are more sensi-

trve than adults. These highly sensitive

species were aff cted by suspended

Fuller's earth concentrations less than

0,9 g.l

O' Connor et al. �976! indicate that

lethal effects of suspended solzds vary

with the type of material used. All

specie- tested  same as in Table 31! were

less sensitive to natural sediment

 ?atuxtent River, Mary1and! suspensions

than those 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 �969! also indicated t hat

the composit.ion of solids induces dif-

ferent effects. Particle shape and angu-

larity were more critical than particle

size. However, O' onnor et al, �976!

indicate larger particles had less effect

than small ones. Common symptoms in dead

fish include hemorrhaging of blood vessels

throughout the body surface and packing of

the gills and gut «i th sediment. Further,

Rogers �969! noted t:hat decreased oxygen

tensions may be the primary factor respon-

sible for death in test fish. Aiz bub-

bling suspensions increased apparent

tolerance. Low oxygen effects may also

partly exp!.a'n increased mortality in

juvenile f' sh 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

from anoxia. Sublethal effects are also

noted, for example gill damage, and blood

chemistry changes  O' Connor et al., 1976;

Ritchie, 1970!.

Zt appears that fish species living

in estuaries are not strcngly affec ed 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

 Stzckney, 1973! . Certainly, leveis pro-

duced by mining/screening operations near

the source of suspendec sediments may cause

some mortality if these levels were main-

taineo or a prolonged period. However,

mining periodically would minimize this

potential effect as would limiting activity

to times of year when fewest numbers of

fish are present  w'nter, early-spring!

S EPL1ARY

There i s re lative lv little guan. '' tat ive

infczmazion on snecies distrrbution anc

abundance in the Lower Bay Complex of Yew

".o k Harbor. he greatest lack of data

exists in seasonal information on abundance

and distribution. There is a need for fau-

nal surveys in cer'tain portions of these

waters, especially near Staten island, Rover

Shoal, and the East Bank regions.

The Lower Bay region may be charac-

"ezizec as an impoverished one wi.th respec

to the number of species found in any one

area at a particular time. The same may be

said for numbers of organisms per unit area,

The Lower Bay may be characterized as

pertuzbated by a diverse input of pollutants

which may have acted in the past  and pre-

sent! to reduce organism abundance and re-

strict their distribution.

The presence of several nreviouslv

mined sand pits on the West Bank region of

the Lower Bay may further restr'ict organism

abundance. Since they were mined 7 to 12

years ago, the bottom sediments in these

pits have not been recolonized. Instead,

they have accumulated large amounts of de-

caying organic matter. his factor is

probably ca~sed by the isolated nature of

these holes anu a restricted circulation on

the West Bank.

There aopears to be an undectable

impact of mining pits on organise abundance

cn the East Bank recion of the Lower Bay.

.h's is probably due to the generally low

species diversity and abundance in the area,

The probable effects of sand mining

operations on b'ota z .z s~ appear to be

normal. Predicted suspended sediment
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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 impovez ished nature 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 Karch!.

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 per'iod of

time prior to approval of the site for

mining.
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Species Found Principally in Raritan Bay

Station t!oS. S DensitiesSpecies

145  P!

235  P!

Ceri an thus sp.

Lepidonotus
sublecis

6 �!, 21.3  P!."teone
heteropoda

4'7  P!, 61  P!, 63  P!, 69  P!, 14'  P>, 240  P!Podarke
obscura

I7rilonereis
Zonqa

152 �!, 154  S!, 155 �0> < 157 �!, 212 �!, 213 �5!, 237 �!

Scolelepis
squamata

27 �!

26 �!, 40 �0!, 46 �!, 65 �!, 106 �!, 111�!, 235 �!colcplo8
c rrrr i g e r

'r 7 7  8!, 237 �8! 242 �!, 246  P!, 254 �!, 257 �!, 259 �0! <
261�5!, 264 �!, 266 �!

Pectinaria
hyperborea

53 �! < 138 �0! 152 �! 155 �0> 316 �0! < 318 �!Pectinaria sp.

2S  P!, 26  P!, 34  P!, 48  P'!, 49  P', 50  P!, S8  P!, 65  P!,
104  P!, 105  P!, 106  P!, 110  P!, 137  P!, 138  P!, 140  P!,
146  P!, 150  P!, 154  P!, 162  P!, 164  P!, 225  P!, 236  P!,
264  P!, 308 �!

cabe' la
". 'cr ophthalma

Protula
tub u lrari a

137  P!

28  P!Li tori na
lit torea

Fup ' cure
cauaata

1 1 5   5 ! < 1 3 7   P > < 1 3 9   5 ! < 1 5 5   5 ! 1 6 4   P '! < 2 3 5   P ! < 2 3 9   5 !

164  P!Susycon
carica

148�0! < 152�!, 212�!, 216 I.5!, 316 �0!Retusa
obtusa

Pyr amide l I a
eu8 "a

235 �0!, 308 �0!

222 ',P! < 265  P !Jdostomia
tri +ida

162

Table 4, DiStribution and abundanCe Of the leSS prevalent SpeCieS enCOuntered
in the Dean' s �975! Raritan Bay >4acrobenthos Survey, 1957-I.960. In parentheses
atter each station number is the number of orqanisms per m or their presence  P!
in aualitative samples.



Table 4 - continued

Station Nos. 4 DeneitiesSpecies

Odoetomia sp.

Doride l la
obscura

Hodi o lus
demi s sue

152  P!, lSS  P>, 168  P!, 170  P!, 22l  P!, 255  P!Craseos trea
virgi ni ca

Petri cola
pho ladi formi e

103  P!, 116  P!, 117  P!, 136  P!, 237  P!

53  P!, 62  P!, 63  P!, 64  P!, 105  P!, 146  P!, 150 �>, 152 {P!,
164, P! p 222  F! s 226  P! I 227  P!

139  P!, 146  P!, 236  P!, 240  P!, 243  P!

Ba l anus eburneus

Stenothoe
cppl Ls

Stesothoe sp. 147  P!

47 P!, 49{P!, 53�> ~ 57�! g 61{P! p 65 P! g 101 P! 102{3!
103 P!, 117 P!, 132 P!, 136 8!, 137 P!, 139 P!, 140�!,
146  P! 1SO  P! ~ 151  P! 153  P! 154  P! ~ 165  P! 243 {P!
253  P!

Carinogammarus
mucronatus

Carci nus
maenas

27 �!

"urPpanopeus
depressus

31  P!

111 P!, 118�!, 262 P!, 263 P!Ze=apanopeus
angus ti frons

Rhi tnropanopsus
harrisei

263  P!

5'ugu 1 a sp. 32  P!, 33 {P!, 46  P!, 49  P!, 64  P!, 66  P!, 68  P!, 69  P!,
106  P!, 111 P!, 113 P!, ll6 P!, 142  P!, 217 P!, 233 P!

26  P!, 27  F!, 42  P!Amatnia
do v 4

Species Common to Raritan and Lower Bays

Cliona sp. 25  P!, 32  P!, 101 P!, 118  P!, 136 {3!, 137  P!, 162  P!, 170  P!,
174  F!, 179  P!, 217  P!, 236  P>, 240 �!, 263  P!, 266  P!

FIpdr actini z
echinate

102  P!, 252  F!

163

265 �!

27 �! p I 01  P! ~ 136  P! 139 �! p 140 {8! ~ 150  P! 162  P! J 164  P!
173  P! r 217  P! 222 {P! p 243 P!

64  P!, 151  P!



continuedAppendix able 4�

Species Station '.!os. 5 Densities

2'ub ~ 1 ar".'a sp. 26�!, 102 �!, 108 <P!, 109 <P!, 110  P!, 113 {P!, 118  P!  
136  P!, 137  P!, 139 <P!, 146  P!, L47  P!, 152  P!, 162  P!,
165  P! r 171 <P! 179 P! r 211�! 213 p! r 233 P! 239  P! r
242  P!, 243 �!, 255  P!, 263  P!, 266 <P!, 267  P!, 308  P!,
309  P!

,'rtB r~ r
san:5e

28  P!, 167  P!, 261 P!, 265 {P!, 66  P!

30  P!,
168  P!
218 P!
240 P!
264  P!

,='a."r o th oe
uxtenaata

169  P!, 17L �0!, 176  P!, 213  P!, 232  P!, 235  P!, 237  P!,
250 �!, 255  P!

6 err  oth oe
"r-"7b rt c'r

115  P!, 135  P!, 165  P!, 168  P!, 170  P!, 238 �!, 250 <P!,
252 �!

Paranr
spec".oea

137 P!, 138  P!, 173 P!, 253  P!Frogone
 <| 8p al'

33   .!, 136 �0!, 138 �0!, 168  P!, 171 �!, 236  P !, 252 �!,
254 �!

rtato ytue
co r ! f4 t ka

26 �!, 29 �!, 34 <5!, 43 <20!, 45 �!, 58 �!, 107 �!, 109 {8!,
110 �!, 111�!, 112 �!, 113 {3!, 138 �!, 159 �!, 177 �0!,
220 �!, 232 �!, 233�!, 265�0!, 319 �5!

.7eph tp a
s i cE 8 a

312 �!, 318  S!o
~i  .i r orna s

Zp 5 ooh aa t op t r rraa
ocalatua

47 {3!, 49  P!, 61�!, 255 �!

29 �!, 33  P!, 40 �!, 4S �!, 46 �!, 53 �!, 61  P!, 105 �!,
149  P!, 150 �!, 1SL �!, 152 �0!, 154 �!, 155  80!, 165 �!,
166{3!, 171{3!, 239�!, 250{3!, 255�!, 257�!, 263�!

. harl " sp

41 �!, 171 �!, 176 �!Pnarusa
a f' t'-~ a r' a

29 �!, 115 �!, 117 �!, 13S �!, ' 37  P! r 139 �!, 162  P! .
166 �08! r 170  P! 171 �! 174  LG! 175 �5! 177 {P! 213 { !
217{5! 218  P! 219 {5! 235 �!   237  8!   238 �0!   242 �!
243 �!, 250 �!, 2S2 �!, 263 �!, 264  P!, 321 �!

Capitellid Z.

166 <18!, 217  P!, 240  8!, 250 �!Capitellid 8

3 �0! r
115 P!,
168  P!,
236  P!,
320�25!

34 {15!, 56 {P!, 56  P!, 101 r 3!, 103  P!, 106 {P!,
116 <5!, 136 �! r 139  8! r 140 �!, LS1 <P! r 15S  P! r
170  P!, 171  P!, '72 {5!, 173 {8!, 174 �!, 222  P!,
243 �!, 244 �0!, 250  8!, 251 90!, 253  P!, 318 �!,

321 �0!

~aorrr,~a>" a
oa

164

25  P!,
139  P!
176  P!
237  P!
255  P!

31 P  r 33{P!, 35{,! r 106  P!, 113 �! r 136 <3!
169  P!, 170  P!, 171�13!, 172  P!, 175  P!,
230  P!, 232  P!, 234  P!, 235  P!   236  P!,
241 P!, 250  8!, 251�!, 252 �!, 254 {3!,
266  P!



Appendix Table 4� continued

Station }amos. s DensitiesSpecies

102 {3!, 104 �!, 108�!, 157  P!, 166 �25!, 171 {5!, 175 �!,
176 �5!, 178 �!, 224 { 3!, 2SO �!, 264 �!

 {e abc l ll dee
c cela t a

Pclgcl rrue
ez»�   e

27 �8!, 33  P!, 34�5!, 35 �>, 101  P!, ll6 {P!, 136 {P!,
137  P!, 138  P!, 139 8!, 173 S!, 174  P!, 179 {5!, 210 �!,

C re pi. du la
p lans

45  p!, 46  P!, 57  P !, 136  P!, 141 { 3!, 155  P! 162 � }
166  P!, 167  P!, 168  P!, 169  P!, 170  P!, 171 {3!, 173 �!
174{P!, 176 P!, 240 P!, 244 P!, 250 P!, 318�!, 320�0!,

Lunatic
herse

1  P!, 28  P }, 42 {P!, 56  P!, 113  P!, 166 �!, 167  P!, 176 �>,
235 {P!, 252 �!, 254�!, 318 �!

25  P!, 26 {P!, 31 P!, 45 �!, 46  P!, 109 P!, 113  P!, 114  P!,
116 �!, 117  P!, 118  P!, 136 �8!, 137 {P!, 139 �>, 140 �!,
162  P!, 167  P!, 168  P!, 169  P!, 174 �0!   175  P!, 176 �!,
230 P!, 234�!, 235 P!, 240�!   251 P!, 255 P!, 320�!

Urceaiplnz
cine»ea

31 P!, 114  P>, 164  P!, 177 {P!, 233  p!Buey con
cans l lcd�' a tom

178 �!, 179 �!, 234  80!, 235  80!, 237 �3!, 249 �!, 252 �!,
258 �!, 265 �!, 267 �!, 318 �5!

55 �!, 250 {3!

>{etuea
cana liculata

Vuc  la
n r c z".' ma

 rrp t t l 1 e
ede ll s

27 P!, 101�308!, 103�40!, 117 P!, 179�5!, 210�3,520!,
212 �40!, 253 {62,000!

Ger ma
ge mrna

6�!, 7�7>, 38{15!, 49�!, Sl �!, 63�!, 65�!, 69�!,
105�8! r 144 S!   151 �! r 156 {5! r 216 �0! r 217 �! r 221 �! r
226 �!, 308 �5>, 309 �!, 310 { 20>, 311 �5!, 314 �5 >,
315 �25!, 316  85!, 317  S>, 322 �0>

Maccma
balth"'ca

Fdctes
tri labs

37 {5!, ] 01  p!, l04 {P >, 1{>6 {P !, 139  P!, 140  P!, 151  P!,
153�!, 154  P}, 155  P!, ]65 P!, 166 p!, 168 P!, 243�!,
261�!, 262  P!, 308�65!

33 P!, 57  P!, 115 {P!, 116 {3!, 118  P!, 154  P!, 174  P!,
236  P!, 321�30!, 322 {S!

:crcphiam sp.

37�!, 46  P!, 47�!, 48 {P!, 55 �!, 65  P!, 69 �!, 104 �!,
111�>, 115  P!, 118 �!, 133 {5!, l36 �!, 142 {5>, 145  P!,
152 �0! r 157 �0>, 167  P!, 169  p! I 179 �!, 211�}, 234 {5!,
250�}, 251�!, 308�5!, 309�!, 314 {20!, 316�0!, 319 �!,
320 �0!

Crangcn
eeptzmepi nce~s

165

l  P! 2  P! 6  P> 25  P! 28 �! r 30 {P! r 37  P! r 43  P! r 113 �5! r
155  P!, 166 �!, 167 {P!, 168  P!, 169  P!, 170  P!, 171�960+!,
172  P!, 176  P!, 221{3!, 236  P!, 239  P!, 242  P!, 250  8!,
251  S! r 2S2 �! r 253 �! r 254 �! r 25S P! r 310 �> r 318 �0! r
320 �090!, 321 �70!, 322 �20!



Appendix Table 4 � continued

Species Station i'Jos. & Densities

25  P! 27  P!   2 8 {P! 29  P! 34  P! 40 {P!   41 �! g 42  P!
43  P!, 63  P!, 102  P!, 103  P!, 108 {P!, 111 {P!, 113 �!, 115  P!,
116  P!, 117  P!, 135  P!, 136  P!, 137  P!, 164  P!, 213  P!
217 P!, 231 P!, 237 P!, 238{P!, 241�!, 243 P!, 263�!,
264  P!, 320 �5!, 321 �5!

Pgncpsvs
herbs ti

ZJcuerbankia
7ract les

Eala<ia
si ridis

Phyl lcdccs
g r cen".andi ca

171 {5!, 172 {P!

 srsis
az enacecaentata

66 �5!   171 �!   176 �> g 210 �?! i 250 �0'> p 252 {8!   319 �?! y
321 {5?!, 322 �?!

252 { 3!, 254 { 3!

.7e ph tys
pi etc

Picpatr a
c4v re a

33�!   115 �3! > 117 �0! r 118 �> 166 �! 173 �! 174 �0!
175 {15!, 176 �!, 177 �.', 235 {120!, 237 �3!, 250 �!, 253 �! p
254 �8!, 255 �0, 316 �30!, 318 {115!, 321�0!

Z,umbrineris
tennis

Scicphanes
bcmby~

166 �5!

Dvdecacsria
ccrali i

170 {P!

Z ydraides
dianthus

33 �!, 116 �!, 170 [P!, 173   !

30  P!, 43  P!, 172 �!, 177  ' 0!, 178 �0!, 236  P!, 249 �!,
251 {5!, 255 �!, 308 �!, 316 �>, 321 �!

Pctini ces
dap Zicatas

'Ji t re 'la
luncta

171 {158!

4dalaria
grczima

171 �5!, 251 {P!

XO   t 7 P'

Zi mats Za
230 �>, 231�!, 234 �!, 249 �!

166

26  P>, 27  P!, 28  P>, 32 �!, 35 �!, 43  P!
137  P!, 138 �!, 140 �!, 147  P!, 166  P!,
172 �>, 173�!, 174  P!, 175 {P!, 176 {P!,
240 �>, 251�!, 253  P!, 254 {F!, 255 {5!,
320  P!, 321  P!

Species Found Principally in Lower Bay

172  P >

27 �!, 171 �3!, 172  P!, 173 {P!, 253 �0!

115  P! g 136 �! y
168  P!, 171{P!,
179 �!, 226  P!,
263  P!, 318 �!,



Appendix Table 4 � continued

Station Nos. & densitiesSpecies

251  P!Anomi a
simp Zez

166  S10!, 171 �05!, 172 �5!, 175 �5!, 176 �8>, 179 �0!
234 �0!, 250 �5!, 252  P!, 254 �!

ll6 �!, 166  820!, 171 �373!, 172 �5!, 173 �!, 175 �!,
176 �!

169 P!, !,71�3!, 172 P!

Z'e ZZina
agi Zig

S teuZa
eo Zi di eeima

BaZanus
crenatue

Baustoriue sp. 171�!

253 �5!Faraphoxus
spinosue

171 �!Stenothoe
minuta

EZaemopi s
Zaevis

.«ii c z o de u t o p u e
gry ZZotaipa

gassa
maz moz cta

251 �0 >, 25S �!Pagurue
Zongicarpus

167  P!, 171�8!, 173 �!Cancer
izzoratue

167  P!, 174 �!, 178  F!, 249  P!, 250  P!, 253  P!

171  P!

Libinia sp.

Arbaci c
ounctuZata

167  P> z 168  P! ~ 169  P! z 171 �! z 225  P! z 251  P! z 322  P>Aeteriae
Porbeei

2 i.e "tz a
naetingeae

176 �!

.Yembr ani po ra
tenuie

172  P!

Schieopore Z'.a
un ' co z ni e

33  P!, 116 �!, 169  P!, 170  P>, 175  P!, 176  P>, 236  P! z
250  P!, 254  P>, 255  P!, 321  F!

167

33  P> 170  P! 175  P! 176 �! z 235  P! z 236  P! z 237 P! z
252  P!, 254  P!

168  P!, 170  P!, 171 �0!, 173  P!, 174 �!, 243  P!, 318 �! z
320 �!, 321 �0!

171 �0!



Appendix Table 4 - continued

Species Statien .'<os. 8 Densities

168

Crv ptceuZa
pa Z Zasta ana

4 Zc8cnid.' vm
pG ZPcsm

155  P!, 168  P!, 169  P!, 172  P!, 173 �!, 174  P!, 175  P!,
176 P!, 250�!, 251 P!, 255 P!, 318�!, 320 P!, 321 P!

109 �!, 116  P!, 117  P!, 169  P!, 171 �!, 172  P!, 173  P!,
174  P!, 250  P!, 251  P!, 253  P!, 255  P!, 265  P!
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Appendix Table 8. Statian data rePOrted by Wilk et al, �977! but grOuped by
areas shown in Figure 29. Stations with * were surveyed by a  �6 trawl �4,4 m
footrope!; all other stations sampled by net with 9.1 m footrope; � indicated
weight   0.5 kg.

Depth  ! Total
 m> Species

Date
Sampled

Tote.l wt.
 kg!Station

13A
Lower Bay

/2

127

188

255 12

307 15

28362

57500

72556

50636

2206-vi -74

2S-vii -74

14-viii-74

24-ix -74

2
Lower Bay
East Bank 1071

16123

306187

-74 1324-x254

19-xi � 74 232

36

28

306 10

-75361

03-ii -75

03-ii -75

07-iv -75

379

380

499

555

2

25 0.906-v

19-xi -74

03-i � 75

03-ii -75

07-iv -75

06-v -75

0.5305I
Lower Bay
East Bank 26

2

0.9360

378

498

2.7554

04-vi -74

25-vii -74

21-vi' i � /4

Raritan Bay

18 0.5130

180

06-vi -74

25-vii -74

21-viii-74

24- ix -74

24-x -74

19-xi -74

03-i -7S

07-iv -79

06-v -79

09-vi -79

0 6.4
1.4

1.4

0.9

1.4

2.3

0.9

3.6

2,7

7.7

6.8

4.5

3,6

0.9

0.5

0



Depth
 m! Species

Total wt.
 !I:g !

Total
 !Ar ea

1,441

81
189

Raritan Bay
 continued!

249

312 65

385 18

2

5

21

495

552

633

E
Lover Bay
Old Orchard
Shoal

1.4

74
71128

129
3.6

57.6

0.5

610

30,371

289
196*

240

256* 32.22,392

31

18

8 2.7308
20

22
363

1.8381
2.3493
1 413551

06-vi -74

25-vii -74

14-viii-74

12F
Lower Bay
Romer Shoal

73
2.3122

-7424-x253
2.3

1.8

0.5

1.8

0.5

2319-xi -74304
2703- i � 75359

377 17

5

16

03- ii -7 5

01-iv -75

09-vi -75

491

635

181

Appendix Table 8 - continued

Date
Station  ! Sampled

24-ix -74

23-x -74

20-xi -74

04-ii -75

02-iv 75

05 v -75

03-vi -75

04-vi -74

25-vii -74

21-viii-74

21-viii-74

23-ix -74

23-ix -74

22-x -74

22-x -74

19-xi -74

03-i -75

03-ii -75

02-iv -75

05-v -75

9.5

2.7

3.6

0.5

0.5

0.5

0.5



Depth
 m! Species

Total
¹

Total wt.
 kg!Area

23-ix -74l83g
Lower Bay

39
22-x

22 x

239 4, 714

5, 339

15,499

71

256» 12

258* 22-x -74 15

18-xi -74301

18-xi -74 18 945320*

31-i

31- i

31-i

373 92-75

-75387* 12 416

1,37210388»

24-vii -74

24-vii -74

22-viii-74

68 109
Lower Bay 79»

134

22-x238 -74

18-xi -74300

368

13

06-i

31-1 -75

02-iv - 74

05-v -75

05-v -75

05-v -75

374

550

ll

13

566*

567*

48
Sandy Hook
Bay

2, 859

2, 250

200

17*

18

182

1,865

545

19 4*

12195'

22 x � 74237

ll

14

3

13418-xi -74

18-xi -74

299

590319"

3531- i372

1,81510 10-7538 6* 31-

182

Appendix Table 8 � continued

Date
Station ¹ Sampled

03-vi � 74

03-vi -74

03-vi -74

03-vi -74

23-ix -74

23-ix -74

23-ix -74

26

876

5

543

102

26

524

ll

14

211

456

2.7

22.2

32.7

1.8

53.5

1.4

9.1

17.7

11. 3

29.0

3.6

2.1

2.3

0,5

12.2

0.5

1.8

17.7

76.2

1.8

0.5

106.6

22.7

2.1

11.8

17.2

4.1

5.4

23.6

0.5

24.0



Depth
 m! Spec' es

Total Total wt.
 kg!Area

I
Sandy Hook
Bay
 continued!

Lower Bay '316* 494

1665

133

18-74241 22-x

4518-xi -74302

31367 06-i -75

382 03-ii -75

01-iv -75

Ol-iv -75

10 1.4

0.5

9.5

489

490

561 08-v -75

K
Lower Bay
Flynns
Knoll

22.71366

0

89

0

3.2

121 '

186

83 0.5251 24-x -74

1619-xi -74 4.5

2.3

0.9

303

3503-i

03-ii

06 � v

358

3675376

34

7

-75553

634 0.909-vi -75

L
Raritan Bay 16131

238190

248 39

27313

370

183

Appendix Table 8 - continued

Date
Station i! Sampled

549 05-v -75

56 5* 05-v -75

03-vi -74

03-vi -74

24-vii -74

22-viii-74

06-vi -74

24-vii � 74

14-viii-74

24-ix -74

04-vi -74

21-viii-74

24-ix -74

23-x -74

20-xi -74

09-i -75

7 4 1.4

8 11 18.1

4.5

27.2

8.2

0,9

0.5

0.5

0.5

0 1,4
1.4

0.9

1.4

0.5



Deo~h
 m! Species

Total Total wt.
 kg!Area

04-ii -75

02-iv -75

06-v -75

03-vi -75

383 12

73

55

2

L
Raritan Bay
 continued! 497

557 4 1
632

247 25 0.9

3.2

2.3

Raritan Bay
314

371

384

0.9

15. 4

1.4

496

558

631

03-vi -74

25-vii -74

21-viii-74

24-ix -74

.I
Raritan Say

76

132

30191

64-7423-x246

315 20-xi -74 4 3 45

4706-v559 � 75

3703-vi -75630

'7
Sandy Hook
Bay

1862

67

10 5577*

135

193

-74 48523-x245

54

25

19-xi � 74

06-i- -75

03-vi -75

309

369

57629

184

Appendix Table 8 � continued

Date
Station 4 Sampled

23-x -74

20-xi -74

09-i -75

04-ii -75

02-iv -75

06-v -75

03-vi -'75

04-vi � 74

23-vii -74

24-vii -74

24- vii -74

22-viii-74

25-ix -74

86

68

13

102

161

17

0.5

3.6

8.6

0-9

4.5

1.4

3,2

1,8

1.4

11.3

93.9

0.5

8.2

0.5

0.9

0.5

2.3



Depth
 m! Species

Total Total wt.
 kg!Area

8
Sandy Hook
Bay

46 14. 570

126 33

242 14113

244 50

71

533
310

18

6

7

31 8*

06- i � 75 137366

375

488

03-ii -75

01-iv -75

06-v -75

03-vi -75

195

10.4

3.2

58560
11610628

Sandy Hook
Bay

2704-vi -74

23-vii -74

23-viii-74

19 � xi -74

10

64

136

311
-7506-i365

01-iv -75

01-iv -75

486*
14487*
7808-v562 � 75

22 2.7

9.1

44.0

Sandy Hook
Bay

8663
20578*

3

22
125

185
198192

4223 � x243
!.35

127

20-xi -74316
-7508-v563

185

Appendix Table 8 - continued

Date
Station 4 Sampled

24-vii -74

15-viii-74

23-x -74

23-x -74

19-xi -74

18-xi -74

04-vi � 74

23-vii -74

24-vii -74

15-viii-74

23-ix -74

25-ix -74

3

116

105

137

21

15.0

5.4

5.4

33.1

2.7

9.5

3.2

1.4

7.3

6.4

2.7

3.2

1.8

14.5

8.2

3.6

5.0

9.5

17,7



Total wt.
 kg!

24-vii -74

15-viii-74

69S
Sandy Hook
Bay 124 39

24-x -74250

20-xi -74 46317

06-i -75364

02-iv � 75

08-v -75

492

85564 7.3

186

Appendix Table 8  continued!

Date
Station 4 Sampled

Depth 4 Total
 m! Species

5.0

0.5

0.9

5.9

4.5



Appendix Table 9. List of fish species reported by Wilk et al. [1977! i n the
Lower Bay Complex during 1974-75 survey. Data compiled by month and area found,
including number of fish and weight in kg. An asterisk  *! indicates < 0.5 kg.

1974 Jul A; 2;1.4 8; 2;1.4 H; 2;0.9, 5;3.6 J: 12;5.0
K: 5; 3 .6 0: 31; 39, 5 H: 1; 1. 4!

Aug  H: 3; 2. 7!
Nov B: 1;0.9 K: 1;1,4!

Ãuetet us canis

1974 Jun I: 3;14.5!Squalus acantk as

Ha.-'a ez inacea

Conger ocean«cus

106;50.8! Note. these totals > than station
totals

] *!
1;0.5!
1;* P. '1;0.5!

1974 Jul P:

1974 Nov I:
1975 Apr g:

Jun  Pl.

140 l 0.9, 1,032; 6. 8 J: 300; 2. 3!
1;* G: 29;0.5!
3; * E '. 1; » G: 5; *, 80; 15.1 H: 6; * I: 367; 7. 3
1;» D: 9;» M: 3 * H: 9;* 0: 1 » P: 138;5 9!
1;» H: 2;* C': 1;» P: 19l0.9 S; 67� ' 5
26'», 8;» I: 2;0.5 J: 22;0.5 K: 1;" P: 2610 ' 5
41;0.5 S: 10;*!
1;* D: 15;» H: 15;0.5 K: 1;* P. 31;*!
43 0.5 D: 2l» E: 31;0.9 H: 7 » D; 70;0.5
97;0.9 P: 2;«!
10;* H: 2 * C: 35 * D: 3'» H 4'* 9 1.8
9;1.8 J; 1;* K. 3;* I,. '2'* S: 10;*!
2;* D; 1;* H: 1;* 0; 1;» P: 1;*!

A losa aesiivalis

1974 Jun I: 2;0.5!A Loca Kediocri s

328;42.6 J; 40;0. 9!
1;* H: 9;0.5 9: 8;05,
140;1.8 D: 2;», 4;* H:
8:" »': 7;* iv. '4;" t7:
1;* 8; 6;» H: 3;*
1,203;10,0 H: 12;*, 189
1,634;15,9 J- .3 ' * K: 2
9; " P.'' 19; 0. 5 < .' 20; 0 .
20;» D, 1;» K. 1;* r.
10;* E: 17;0.9 H: 2;"
1;* Q: 3;0.9, 2;0.5!
10;* H: 22;1 .4, 16;0.9
3 «,v; 1 * P: 2;*

1974 Jun Z
Oct  D
Nov  H

D
1975 Jan A

A lcsa
pseudokarengus

o
Feb H
Apr  A

P
May  A 1509 J: 2* I: 3;*

» !

6;0.5 J: 7 *!A «osa sa d'ssima

24; 0.5, 70;1.8
iv: 1;* D: 7;*

D: 1.*
1 * v: 2;
1;*!

7;*, 48;
P. '80; 0.9

2;», 117;1.4, 33;0.5
0 9 J: 6 » K: 5;"

8. 50;0.5 S: 25;0.5!

2;*, 1;0.5 K: 2;*
1;» S: 2;»!

C; 1;»
.V, '6;»

187

1974 Jun I:
Oct E:
Nov �;

1975 Jan  A .'

Feb B:
Apr  A:

May  A:
I:

Jun D:

1974 Jun  I:
Oct  H:
NOv  A:

I:
J ~

1975 Jan  8:
H

Feb B:
May  A:

L .'

1;*,
1;'!
6.»

»
3 ~ *

6;»,
4 ' *
1-*
8;*

*

10
23' c/
10-*

15;*
56;0.9
o: 13;*
P; 12;*!

2;*
,v: 2l»

1* H: 4* .V: 2*!
34;0.9 I: 24;0.9

1 » 2: 28;1.4 S: 1;*!
18;0.5, 281;3.2 ~
;9.5 I: 23;05,
3;0.9 Z: 3;* X. 21;0.5
5 S: 21;0.5!

1;» M' .13;» P: ill;2.7!
1 * D: 1;+ 8: 4;*



5:: 1;*, 1;», 36;7.3, 2;0.5»': 4;0.5
1;" .=.: 4; 0.5!

Bee'cc».';,a
t�- rarnve

.5 9: lg»:: 2;», 409 S: 1'*!
5, 2;» .'"; 6;0.5 I: 1;» I: 3;0.5 iV; 1;*

P: 11;3.2 ": 2;0.5!
iv. .1;», 2» 8; 2461.4 l: 5�.5, 270 ~ 5

2.» ". 7 * 5 1-*!
1;» ': 2* P. 150,5!

i.: 2t » B.' 1; *; 4; 0. 9!
710.9 V: 1;1.4 0; 4;0.91 ~ *

Cliipe h" r eaB<s
her er.Bus

1974
1975

4;0.5, �;19.1!
3'0 9 F. '3 0.9 : 2;O.S, 8 1 8, 15;3 6
2;O.S K: 5;1.4 ': 1;O.S 9: 1;0.5 »: 1;0.5
3 0.9 4: 1 0.5 S: 10;3.2!
1;» 0: 2;» .=.: 6;1.4 F: ll0.5 X. '2l0,5
9;2.7 F'. 24;6.4!
2; 0. S 0: 1; » Z: 1; 0 . 5 P: 3; 0 .9 S: 1; *!
1;* 0: 5;0.9!
1;*}

Anchaa i[epee as 1974 Aug Q: 1;'!
1975 Hay P.: 2;»!

2 6c!ice i«4 c4 ' lE 19 74 1 ~ *
1;* B:
7 ~ »
1;*, 2y
2;*
98;0.5
980;6.4
592; 2.

2,046;1

26;*
28;", 3
1 «!
1;*!

Jun  B

Jul  B
0

Aug  B

Sep A

152l6.8 4: 104;0.5

1;*, 840;3.2

K
Oct  Z
Nov  A

P
Jan  K
Apr  B

Zr.cncii.'.'.s
eknBS

1974 2;"!
30, 307; 41 . 7 P: 152," 0 . 5!
50;* =: 280;*;": 10;: 5,200 ill.3 B: 504;*
312;1.4 ': 12;* K. 64;» B. 23;*:V: 16;»
2* O.. 480;" -: 3»!
1;»!

Aug  8:
Sep Z;
Oct D:

1
 'j .'

Hay I:19~5

1974 Oct H; 1;*!

1974 Nov P: 1;10. 4!

"jncjxs, re.ebs

Bop ct as C,Ne «Eccrine

188

Appendix Table 9 � continued

1974 Jun B

v'ul   S
Oct  Z
�ov �

pj
1975 Jan Z

Feb B
Apr  '
!Aay  A
Jun �

Jun iZ:
Jan  A:

Feb B:

Apr  A:
iMay  B:
Jun  .Y:

2;0.
»

1 ~ "!
15;0
1;0.
3 *
2-*
] *
4 ~ *
1;*!

2;*

2,080;9,1, 1,
1 «!

» P 2 «
* B: 164;C.9!

17;" J; 1 »
144 *

B: 192:1.4
3 0: 29 »

228;1.4 .V: 1
0.0 ~i 4,680]

8 » ": 208 0
4 ' » r, 4

0;0.5 :,; 4;*

13;* P: 31;*
35;»!
0' .1 428;4.1 8: 67 ' 0.5

152;0.9, 1,768;7.7
7 * 0: 44;»!
1.4, 15,364l20 .9!
.S B; 8;* P.' 30;0.5

31;* S<: 20;* 0: 22;*
S: 2;»!



.'! e r .' x c c i ~ e
bi I 1',neaz 'e

.2!
Cl 2* D: 3;*
I: 14;», 41;*

F.: 10;* S'. 1 ~ »
3: 9;0.5 7: 1;

.5 M: 2;*!
 ' ~ 1 *!

3;09 7: 1;»
3; 1'" El 1;*

3 Dl 6l1.8  V.'
.7»;1223

E: 8;* G:2;»  5;*
K: 1;* 7: 1;", 27;*

!
* G: 28;*, 3;" B: 5

Uz cpnBc- e chess 42; 2. 3!
B: 1 * E: 1;", 1;* D' .2*!

3: 1;* I: 1;* J': 2;*
r<l 4,*!
*, 7;*, 5;* I: 6;0.5!
*!
* g: 9 0.5, 5;"!

12;1.4 H: 3;*, 147;9.1, 214;25.4
.1 J: 23:5.0 I,: 39;1.8 M: 116;7.7

25;1.8 Q: 34;5,4 Bl 106;13,2

~ »!

2;*!Dl cPhBci s r eaiwe

23'* 8; 1;* G:3;* I: 1;*
6;» 7: 4;»  2;» B: 20;*!
7;0.5!

B: 14;" D
1;' 0:
4»  ' ~

S- 1 !
1 " V

G: 3;* 7:
2.*!

1;»!

1975 Jun M: 1;» 3: 20;* 0: 33;* P: 2;*!rc c�3 c 6s e nu Be

1'*
3: 5;»
7 ~ * J ~
16;*
G: 2;»

B: 12;
7: 1;*
D: 12;

S: 6;"!
1;" E: 3;» G: 24*, 32018

.K: 7l* Af. '1 * Dl 2*
*!
3;* S: 3;*!

6!» B: 1;» I: 1;* J: 5;*
1» S 5."!

2;*, 9>* 0: 2* .: 78 *!

1 ~ *
D:
2;"

1;
D ~

,'!en n".'a  nenic".c

n
* c

1975 Jan{,lf: 1;*!Gee ence exe
 . eel us

1974 sep I1 1;*!
Oct A: 1» K 1 ~ * c:1 ~ *!

1975 May I: 1;*!

3"Ppcccwp us
ence  Ae

189

Appendix Table 9 - continued

1974 Jun{I
Nov B

!!

1975 Jan  A
I

Feb  B
Apr  B
May  A

J
7

1974 Jun B
Jul  A
Oct  B
Nov B

P
1975 Jan B

Feb  K
Apr B
May B

I
.V
S

Jun  A

1974 Jun  I:
Jul �1
Nov  A '.

1975 Jan B 1
Apr  g:
May  A:
Jun  �!;

1974 Oct�1
Nov  A:

I:
P:

1975 Jan  A:
May  A:

K.'
Jun  A,

69;3
46'*
] 0-*
1'*
1 *
15;0
1 *
1'*

1 8;2.
10;2

1.*
1 ~ »
lr '!
3

] 8;"
1 ~ »
1 *

* 
24;0
50;5
21;*

3 ~ *
1.*!
2 ~ » 
] -I
2;I
] ~ »
18;»
1'*

2;»
] I
] *

] ] *
14;»
28;"
12;+

G: 1;
4

1;
P: 1;

l;
D: 2;
133;9
9 c ~
0!

i'�. 4

6l1,8, 1;4!
B: 5;1.4, 17;3.6 I; 7; 1.4

33;6.8 Bl 4;», 121;29.5
6;2.3 $; 2;'!



tt Jca h tts 1974 Sep{t. t
Oci {E.
Nov  O;

1975 Apr�;
l'<ay R;

1 ~ *!

1 ~ *
1.*
3 *

i«9 � as
2;", 2» 7. 1»!
10;* P: 5;*!

1 ~ «}
,tt: 1 *!

Hero's amer ioana 1974 Nov F: 1;*}

ibad ore sara t 6 ' s 1974 Jun :. 1;2.7 J: 8;17.2}
JL11  A; 1;0 ~ 9 8; 1'0.9 0 t 1,1.8!
Oct Z': 1; 1. 4 .Jt 1; 5. 4!

1975 Kay i: 1;*!

d 6 t r o p r 'L 3: "- s
sdriata

Sep »": 1;«R: 4;*!
Oct<P. 1;*!
Jun�: 1; «!

1974

197S

Poma .omas
sa ' »a r".'x

1974

1974 Sep Bt 1;« it 2;*, 1;*, 1;* Ot 1;*!
Oct  i: 1; *!

Vomer setapirsis

Orl!lopr' s»" 3
ohr., sop tera

1974 Oct  P: 1;*!

1* J: 1*, 1* '. 1*!
1;*, 1;* J: lt «R: 15 0.9!
1;» P; 1* E; 2», 4;0 5 K; 76 0.5 0: 1;*}
1;*!
42 «!
1 ~ * " 2 ~ » > ~ ] ~ *!

1974 Jun i:
Jul R.
Sep {A:
Oct{P:
Nov{i:

l975 Jun P:

SCeno+omtts
oh 1'' so '8

ohr'., "era
1974 Oct Z: 4;0,5 i: 1;«R: 1;* P; 5;*!

Nov P: 3;*!

1; 2.3!
6;6.4, 3 14,S e: 3;3.2 Y.: 5 18 6 Rt 1;2.7
2l4.1, 11;42.2 P: 2;4.1 R: 7;17.7 S: 1.;«!
1;« 8: l;1.4 : 1;1 .4 tlt; 4;8.6 P; 1;*
5 59S:1«!
1;* 9; 100;1.4 St 6* Z: St*, 13;*
18;*, 295;3.2, 56;0.5 ': 2;* tJ: 13;2.3
9; 5.9, 29;0 .5!
42;0.5 =: 1;«, 11;* R: 6,* i: 6;« r.
2* R: 1;» 2; 3;» P: 59;14, 2;* R: 1;"!
4;* rt 1;", 3;* i: 10;*, 19:2,3 e: 2i«
1;* P: 3;*, 72;0.5 t2t 7;* R: 5;*!
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Jun i
Jul<8

0
Aug  D
Sep  8

R
Oct E
Hov �

1974 Jun   J:
Jul R:

d:
Aug  R t

Sep A;
1

Oct  :":

Nov 9 t

3i«, 2;5 ~
1.;* R: 6
Ir 5.0, 10
1;0.5 R;
2;" 0: 1
1;0.5 Ot
ll«, 85;6
1;3.6 1<t

0 J; 1;2.3, 2;*!
; 3.6, 2;0.5 J: 1;* R: 2;0.5
;4.1 0: 1;* R: 10;2.3!
ll0.5 J. 1;0.9 t2: 6;0.5 S: 2;«!

;3.6 :; 13;1.4, 24;1.4, 42;5.&
4;0.5 R: 2;*, 2 «!

.4 ~: 1;«, 12;4.1 R: 4;0.5 i: 8;0.5!
1;4.5!



Leiostomus
"ar.tnurus

1974 Sep i. 1;*, 5;0.5, 8;0.9 8: 1;»!
Oct Z; 2;« P: 3;*!
Nov I. 1;*!

.Venticirrhus
sazati Lia

1974 Sep B. 1;» E. 1;*,6;* K. 1;» : 3;* H: 9;0.5!
Oct B: 1;*!

,'!icropoZon
uniulatus

1974 Sep : 1;*!
Oct P; 1;"!

Cnaetoaon ooe flatus 1974 Sep Z: 1;"!

TautoHa onitis 1;1.4 i: 1;3 ' 2!
1;"!
1;1.4 S: 1;*!
12 4.5 Z: 1�.5 r~: 1>* 2;1 8!

F: 2 0 9 P: l..»!
2;0.5!
2;0.5 C: ll0.9 Hr 9;11.8 ir 3;3.2
3! 1.4 P: 1;2.3!

au t coo laoorus
aaspersua

1974 Oct  ~: l; *!
Nov  F: 20; 1. 4!

1974 Sep Z: 1; «!

1974 Oct D: 1;* 0: 1;*, 1; «H: l;«P: 1;»!

Pupil curema

A s tr oscopus
ttatus

Prloiia qunnelr'.us 1974 Sep E:
Oct C:
Nov G:

1975 Jan ":
Nay  H:

2;*!
4 ~ »!
2.*!
2 ~ »!

4 ~ «!

A mmoa:r tea
amer i canus

1974 Oct B:
mov K:

1975 Jan A:
Feb  C:

1;»
»!

21;*
1 «!

K: 15;»!

C: 22;*!
F'. l6;* K: 29:8!

BcomBer' s ombrus 1974 Jun i. 1;*!

t-'us
iacantnus

Pe=r 1.4, 2:* J: 2;*, 9;0.5

3;0 5 8; 1 «!
27:0.9 . '8;0.5

12;0.5, 7;0.5

3 « iV: 10;0 5 P: 8;0.5!
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1974 Jun Z:
Jul P:
Aug  A'.
Oct  A:
Nov  A:

1975 Jan ":
�ay  A:

i:

1974 Jun i
H

Jul  F
Aug  B
Sep�

.V
Oct �

Nov  :
19 75 Hay  A

Jun  A

46;1
lo;0
l *
2.»
1-*
3
2;*
11;0
1
2;»

»

8, 4;*, 37;
5!
H: 3!» 8:

4;»
G: 7;*
0: 3;* Z:
Z: 2;*, 62;
5 I: 20;1.

~ 2 * 'D
1'*!
3;» Ã;

4 ~ »!
2.» P. 1,» r.
14;0.5, 8;0.5,

3 ' »!
3.2 ": 29;1.4,
8 P: 4;0.5
] ~ * .>. 1 ~ »!



Pr'-'0 no us
ccrc 'nus

Jul fi': 1 * 8: lr*!
Aug  P: I; *!
Apr  J: 1;*!
Hay  8: 1; "!

1974

1975

Jun  I:
Jul  8:
Sep I:
Oct Z:
Nov P.
May I:

] *!
44;3.6
1;*
6 ~ »

~ »
1;0.5!1975

MB czcceP ha 'vs
aenceas

1974 ] ~ *!
1;» C:
1;" I:

E:
2;* P:
26;*!

Jun J:
Jul K:
Sep S:
Nov D:
Jan  B:
Nay  K;

3»!
2;»>
1 " u 2'»!

5 ' » 7. 3-»!1975

Oct.  C:
Nov C:
Jan C;
Feb K:
Apr Z:

1;*!
32;0.5!

»!
1;0.5!
2;0.5!

227 0cce "halve
s crp iis

Sep Z: 1;»!1974

C"; thar i ch the s
ar ct,ere n

1974 Sep C: 1; *!

1974 Oct E:
p ~

Nov C =
1975 Jan B:

Et?'c p k s
n'.~-crcstcmaa

Pat'a u'i 'ntng
ens tus

192

Appendix Table 9 � continued

Pr-'cactus evc lans 1974

!!Bcaccepha us 1974
cctcdecemsc 'ncsus

19 74 Jun  I:
Jul  A:

0;

Aug  9:
Sep  B.

I ~
Oct  S:

Nov ":
1974 Jan 

Apr i;:
Nay �:
Jun F:

1;»!
4;1.4, 1;*!
1-» '- ' « P- 2 " P 1 «!
1 *!

25 » C: 20 », 3 * K: 1 » I: 1;"

8;" : ll » ; 2 * P: 54 * 8: 4 *!
1;*!

9;10.0, 3;3 2 u'. 4;3.2 K: 2;0 9!
1'* B; 1:» K. '8;5,9 K 1;0 ~ 9
1;0.5, 5; 3. 2, 4; 5.0 P: 12;8.2 n' .2;1,4
12;2.7 8: 5;4.1!
7;5.0 P: 3;2.3 8: 1:0 5 C. 1;0.5!
4;2.7 5: 2;'.8 E: 1;0.9> 21;14.5
2;1.4, 7;5.4 K: 2;0.9 0: 6l5.4 H: 1;0.5!

3» 8; 1;*!
* 9 6» ' ] * D 2 *!

1;*!
]» 2»!
1;0.5 K: 1;0.5!
2;» K: 2;0.9 0: 2l0.9 P; 2;0.9!



Scophtrra'mus
~ ucsus

1;0.5!

25;2.3, 1;*
3;»!

E: 2 * F: 1;*
3, 95;9.5

1;*; 71;9.1

;1.8!

8 I: 6'.0.9
P: 9;1.4

1974 Jun D:
K..

Jul  A:
0:

Aug �:
Sep  A:

R:
Oct �:

Pseugcp Leuronectes
amer tcanus

,>onacanthus
rrts:'taus

1974 Aug  H: 1; *!
Sep H: 1;*!

193

Appendix Table 9 - continued

1974 Jun 8
Jul  A
Aug  B
Sep  D
Oct  B

H
Nov  A

K

1975 Jan C
Feb '
Apr  A
Hay  A

J

Jun  F

R:
Nov  A;

J':
P .'
S;

1975 Jan H r
K;

apr  A:
Nay  B:

Jun  A:

14;2 7 Ir 10;1.8 ': 3 0.5 R:
1'* B: lr» 0: l;" P: 2!*!
1;» F: 1;»!
1;" I: 1;* K: 2;*!
6;1.4 E: 1;», 52;5.9 F: 1;*
1'* I: 2l» K: 3;* P: 37;9.1
2;0.5 H: 5-* "; 1;" D: 2;*
1;*, 70;9.1 H: 9;0.5 Ir 17;2,
Lt» ,V; 1;» H; 2;» 0: 3;* P:
12;1.8 R: 4l 3,6 S: 7;»!
lip.5 F: 1;» 0: 14;1.4 : 29
1;* P. '1;*!
1 » C: 1;* I: 3 * Q: 2 0.5!
5l0.5 C: 6;0.9 H; 4;0.9, 7;l.
3l0.9 Kr 1;* 5: 1;» H: 2;0.5
22;4.5 R: 8;1.4 S: 1;*!
4,'* K: ].,'» 0: 2;* P; 2;0.5!

1;* F: 1;» I: 3;*, 21;2.3, 18l0.5 »'r 11;1.4
lr» H: 3;0.5 0: 25;3.2 R: 2;0.5!
2;* H. 2;* F: 1;» H: 7;», 13;1.4 K: 1;*
15�.9r 3; , 3; P: 25;2.3 R: 13;0.9, 3;4!
1;* Q: 3;0,5!
3 » B: 4 0.5 D: 1;» E: 4;0.5, 16;0 9

* l'' .8; 0. 5 K' .2;* L' .3;* 0' .2'*
5:0.51 14;1.4!
1;* D; 27;2,7 B. 3;*, 12;1.4 0; 3;*, 43;3.2,
Hpf9.5 H: 7;0.5 I: 2;* 4r 4;0.5 Dr 16;0.9
7;0 9 H: 57;4.5 0: 2 0.5 P: 26;4.1, 44; 5 0
35l5.0 S: 10;0.9!
8 lp .9 B: 2; » C: 2 * D: 32 3 .6 E; 13; 2. 3
11; 0 .9, 1 22;14 .5 H: 14;» I: 14 rl.4, 117; 4 .1
7;» Vr 39;2.7 H: 6;0.9 0: 5:0.5
27;5.0, 85;3.2 g: 49;2.7 R; 49;5 9
35;5.4!
1;* C: 2;0.5 0' .31;1.8, 18;1.4 r. '44r3.2
1;» ff; 13;1.4 S: 3;0.5!
1;* F: 2;0.9 H. 'l;* J': 3 * »f: 1'»!
2;0.5 H: 4;0.9, 55;5.9 I: 4;0.5 7 2;0.5
3;0.5 fear 3;0.9 H; 8; 1,4 P; 8; 1,8 2: 9l1.4
7;0.9 S: 9;1.8!
15; 0 .9 D: 2; * H: 5; » 0: 9 rp .5 P: 20; l. 4!




