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This overview is designed to provide an assessment of potential

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

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

ahle literature concerning distribution and abundance of organisms in

the Lower Bay Complex in relaticn o what is known about effects

associated with sand and gravel mining/dredyging operations. In par-

ticular, the effects of suspended sediments on various organisms will

be examined. HMHost of the literature regarding potential suspended

sediment effects on Lower Bay organisms is derived from studies con-—

ducted elsewhere. The assessment encompasses suspended sediment

aeffects on benthic infauna {e.qg.,

shellfishes, worms, and other bur-

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

and demersal fishes. Other esffects associated with mining/dredging

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

ments, also are examined.

In order to properly evaluate mining/dredging effects, not

limited only to suspended sediment loads, nutrient and contaminant

releasgse, a survey of the literature on other biocleogical, chemical,

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

A variety of mining strategies which could minimize suspended

sediment loads to within reported tolerance ranges of "critical"”

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

computer simulations of the dispersion of suspended sediment plumes

resulting from point scurces (mining/precessing 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 probaple effects on organisms (from the aforementioned

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

BACKGROUND

Sand deposits in the Lower Bay Com-
plex of New York Harhor (Fig. 1} are
becoming the largest single source of com-
mercial sand for £ill and aggregate in
construction projects within the New York
metropolitan area since 1963 (Schlee,
1975;: Kastens et al., 1978; Carlisle and
Wallace, 1978). According to the New
York State Office of CGeneral Services
{(Marotta, personal communication) and cal-
culations irom bathymetric changes
{Brinkhuis and Sanxo, unpublished data),
mora than 89 million cubie vards (mey)

[68 million cubic meters (mcm}] have been
mined for commercial and public works

projects bstween 1950 and 1975. From 1950
to 1971, most of the sand was cbtained
from the West Bank regicon of the Lower
Bay, while after 1971 mining was conducted
principallv on the East Bank isee Fig, L),
A review of these mining projects and
vearly volumes of sediment removed is pre-
sented in Kastens et al., {1978) and is
summarized in Table 1.

The demand for sand obtained from the
Lower Bay Complex will likely incraase in
the near future (Carlisle and Wallace,
1978; Courtney et al., 1979}, Based on
current and rending construction propos-
als, the demand for szand and aggregate in
the New York metropolitan area will prob-
ably exceed 8.5 mcy (6.5 mcm) per vear
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{Schlee, 1975; Courtney et al., 1979).
Sand resources located on land in, cr near
New York City have dwindled in recent
vears 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 coats.
Overland transport from sources greater
than 50 to 60 miles (80-95 kilometers) is
becoming prohibitively expensive (Carlisle
and Wallace, 1978). It has become more
economical to mine, process, and barge
sand from the Lower Bay Complex.

Since 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 0Office of General Ser-
vices and the New York Sea Grant Institute
have, accordingly, sponsored a number of
research projects designed to determine
resource availability and environmental
- effects associated with sand mining in the
Lower Bay Complex. These studies include:

1) effects on shore erosion due to
altered bathymetry {(Xinsman et al.,

1979)

2) effects on circulation pattarns
and tidal currents and elevations due to
altered hathymetry {Wong and Wilson, 197%)

3) environmental descriptions (Kas-
tens et al., 1978)

4) effects of deep holes on circula-
tion, water guality, and sediments (SBwartz
and Brinkhuis, 1978)

5) surficial sediment distributicn
and resource availability [Kastens et al.,
1979; Jeones et al., 1379; Carlisle and
Wallace, 1978)

6) distribution and depth of surfi-
cial sediment deposits (Bokuniewicz and
Fray, 197%:

7} site-specific faunal surveys in
proposed mining sites (Brinkhuis, in
progress)

8) assessments of biological effects
of sand mining on fauna as determined from

the literature (this report)

Until reports from all items, and espe-
cially 7 and 8, are available, it is
unlikely that agencies and gitizen groups
will alter the current restriction on sand
mining.

This report concerns an assessment of
biclegical effects associated with sand
mining as interpreted from existing liter-
ature on biota distribution in the Lower
Bav Complex and literature on biclogical
effacts of sediment mining/dredging con-
ducted elsewhere. Included are additiconal
observations by the author on organism
distribution in and around existing mined
hoales in the Lower Bay East and West
Banks.

INTRODUCTION
Jeneral Fegtures

The Lower Bay Complex of New York
Harbor is an estuarine arsa, consisting of
the Lower, Raritan, and Sandy Hock bays at
the mouths of the Eudson and Har;tan Tiv-
ers (see Fig. l). Waters of the Lower Bay
ComniexX exchange and mix with 1) the
waters of the lUpper Bav of New York Earbor
to the north through a narrow constriction
between Brooklyn and Staten Island, called
The FJarrows and 2} the sea to the south-
east through a relatively wide (-8 km)
transverse opening between Sandy Hook and
Rockaway Point, often referred to as the
Zandw Hook-Rockaway Pt. Transeget.

The Lower Bay Complex is shallew
{5=20 m) and has an irregular submarine
topegraphy composed of numercus shoals,
banks, and ship channels. These features,
shown in Figure 1, have been described in
detail by Fray (1969) and Kastens et al.
{1978}. On the Wegt Bank of Amhrose Chan-
nel there are three areas which were mined
for sand prior to 1973 (Fig. 2, RAreas 4,

3, and 7). The holes 1in Areas 4 and B
were mined to depths of 8 to 14 m while in
¢ the hole is 20 m deep. Unmined bottom
sediment generally lies between 3 and 5 m
helow the water surface. On the East Bank
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of Ambrose Channel there is a large shoal
which rises to within 2 to 4 m of the sur-
face. There are numerous irregularly
shaped holes 15 to 22 m deep in Area 2
which resulted from mining for sand be-
tween 1973 and 1976. These past mining
operations were authorized to a depth of
~15 m. Recent surveys by Brinkhuis
{unpublished data, 1978) indicate that
within Area 7, only the shaded sectors
still contain sand resource above the 15 m
depth contour. In Mavy 1978, the New York
State Office of General Services proposed
to explore the possibility of mining in
Area £ of the West Bank, near 0ld Orchard
Sheoal and Area F on the East Bank, adja-
cent to Area 2. These areas will be =wined
gzrerimentally in computer simulations to
determine potential effects on circulation
patterns, current velocities, tidal eleva-
ticns, and shore erosion in the manner of
Wong and Wilson (1979) and Kinsman and
Schubel (1979), Further, faunal surveys
cf these proposed areas are 1n progress bv

the author.

Physical Coeanccraphu

A number of studies have been con-
ducted on ¢irculatien in the Lower Bay
Complex and exchanges of these waters
acrcss The Narrows and the Sandy Hook-
Rockaway Pt. Transect. Circulation in the
Lower Bay Complex ig 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 Cemplex are shown in Table 2.

Tidas in the New York Bight cause tides in
the New York Harbor {(and Long Ialand
Sound} to have different characters and
phases from pure semi-diurnal tides
{Marmer, 1923, 1935).

Jeffries {(1962) indicated that the
net current pattern of the Raritan and
Lower bavs produces a large counter=clock=
wise gyre (Pig. 3). A persisctent

Table 2. 1376 tidal ranges in the Lcwer
Bay Complex {from 3Swanscn, 1976}

Tidal range (m)

Lecation Mean Spring
Sandy Hook 1.40 1.71
The Narrows Hook 1.42 1.74
Great Xill Harbor i.43 1.74
The Battery 1.37 1.65
Coney Island 1.43 1.74
South Amboy 1.52 1.83
Keyport 1.52 1.83
Atlantic Highlands 1.43 1.74
S5t. George 1.37 1.65

clockwise eddy off Great Kills Harbor
(Staten Island) separates the Raritan and
Hudson river flows (Ayers, et al., 1949),.
Tidai current vectors for maximum ekb
{Fig. 4) and maximum flood (Fig. 5) for
July 1977 have been computed by Wong and
Wilson {1979). During flood tide, higher
gsalinity water enters Lower Bay between
the Ambrose Channel and Rockaway Pt. (see
Fig. 1), and continues in a southwesterly
direction along the Staten Island shore.
Duedall et al. (1979) and Doyle and Wilson
{1978} indicate that tidal and nontidal
flows, respectively, to the east of Ambrose
Channel enter the Lower Bay at all
depths. Over a complete tide cycle, there
is a net westward drift of this water mass
due principally to nontidal flows (Doyle
and Wilsen, 1978}. During ebb tids, 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, flows cout over the Ambrose
Channel (Ayers et al., 19489).

Duedall et al. (1979) and Doyle and
Wilscn (19%78) describe a two=-laver non-
tidal circulaticon pattern in waters to
the west of Ambrose Channel, Less saline
watar leavas the Lower Bay near the gur-
face. A tongue of more saline New York
Bight water persists at depth in channels
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Fig. & Computed tictai current vectors [or existing bathymatry (NOS hydrographic chart No. 12327, 70th Ed., July 1877} for max-
imum ebb at Sandy Mook, Alter Wong and Wiisan (1979).

Fig. & Computed tidal current vectors for existing bathymatry (NOS hydrographic chart No, 12327, 70th Ed., July 1977) for max-
imum flood at Sandy Hook. After Wong and Wilson (1975).







and depressions {FPigs. 7 and 8). There is
a net nontidal flow of this saline water
into the Lower Bay which mixes with over-
lying water by advaction and turbulent
diffusion (Kao, 1975; Doyle and Wilson,
1978), Stewart (19587 and Abood {1974)
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 compensated by upstream
bottom currents. Nontidal density west
of the Ambrose Channel is characteristic
of an estuary: i1sopycnals slope upward
toward Rockaway Pt., and there is consid-
erable vertical stratification {Doyle and
Wilson, 1978). Vertical stratification in
mined holes (e.g., Area () is especially
pronounced during the spring and summer
months (Swartz and Brinkhuis, 1978).
Water flowing into the Lower Bay near
Rockaway Pt. is relatively homogensgous
{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. Ko
comparisons between the relative contri-
hutions of tidal and wind-driven c¢ircula-
tion to mixing of these waters have been
reported. However, inputs of fresh water
from the Raritan and Hudson rivers under
various run-off loads have been described

by Parsons {1913}, Schureman (1934}, Giese

and Barr (1967}, Darmer {1%69}), Busby and
Darmer (1%70}, Dunn (1970}, Walford (1971},
and Mueller et al. (1976). A subsurface
patch of colder less saline water (3.5 m
depth) ocecurs in parts of the Lower Bay
near sStaten Island during the summer (Bow-
man and Weyl, 1972). This patch is
apparently formed by advection of cooler
Hudson River water from the Ambrose Channel
onto the shoals west of the channel by
tidal oscillations. The tidal excursion
varies from 3.8 to %.6 km, depending on

location in the estuary {(Walford, 1971).

A net seaward drif¢ of 3.2 km coccurs near
Sandy Hook during a complete tide cycle.
Ayers et al. (1949) calculated the average
flushing time of the Lower Bay to be EB.1
tides. Residence time in Raritan Bav is
considerably longer--Ketchum (1951} indi-
cated 32 to 42 tides while Jeffries (1962)
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.
(1962) investigated the movement and dif-
fusion of an induced contaminant. Ketchum
et al. (1951) reported on oceancgraphic
features of the New York Bight, including
the northern apex area, near the Lower
Bay. Mueller et al. (1976} studied con-
taminant input leads to the New York Bight
through the waters of New York Harbor.
Wong and Wilson (1979) modelled the
effects of bathymetric changes, resulting
from sand mining, on circulation and tidal
amplitudes in the Lower Bay Complex.
Swartz and Brinkhuis (1978} described the
effects of existing mining holes on oxygen
dynamics and circulation problems on both
sides of the Ambrose Channel. Jay and
Bowman (1975} described some aspects of
physical cceanography and water quality of
New York Harbor and the exchanges of pol-
lutants with Long Island Scund via the
East and Harlem rivers. Some older infor-
mation on tidal currents in the New York
Harbor has been reported by the Metropcli-
tan Sewerage Commission (1913) and the
Interstate Sanitation Commission (1940).

Chemical Prorvertieg of Water ani Sedimenta

Most of the studies on the chemistry
of Lower Bay Complex waters and sediments
regulted from pollution related concerns.
Pollution related phencmena in New York
Harbor were extensively investigated by
the Metropolitan Sewerage Commission near
the turn of the century (1912, 19%13).
Reeve {(1922) 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 1852, Pasitive fiow is
seaward. From Doyle and Wilson (1878),
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cleansiny Harbor waters, Phelps and Velz
(1933} and Avers et al. {1949} described
some of the poilution problems in New York
Harbor and adiacent waters, The Interstate
Sanitation Commission (195%, 1960, 1972)
rroduced several reports relating to sewer
overflow impacts on New York Harbor waters.
Mytelka (1972) reported that some heavy me-
tals occurred in high concentrations in
sewage and waste water released from treat-
ment plants in the New York metropelitan
{1962, 1971) alec described
erganic pollution problems resulting from

area. 0O'Conner

improper sewage treatment in the New York
area. Ingram and Mitwally (1966}, Suskowski
(1972}, and Xetchum (1974), recently sum-
marized the historv of sewage pollution
vroblems in New York Harbor waters.
Naturally, pollution of New York Harbor
has had significant impacts on the waters of
the Lewer Bay Complex, which is not to say
that inputs from the Harbor are the most
important in terms of effects on water qual-
ity in the Lower Bay Complex. Indeed, much
of the input via Hudson River flow is trans~
ported out to sea due to the patterns of
circulation {see Phpsicel Oceanography).
It appears that much of the deteriorated
water and sediment chemical character of the
Lower Bay Complex stems from inputs into
Jeffries (1962) described
environmental characteristics of Raritan Bay

Raritan Bav.

and indicated that many of its pollution
problems also stemmed from sewage inputs via
the Raritan River and treatment plants along
the north Jersey and Staten Island shores.
Clark (1963} and deFalco (1967) similarly
described pollution characteristics of
Raritan Bay and adjacent waters, including
portions of the Lower and Sandy Hook bays.
Gross (1970, 1972) analyzed dredge wastes
and waste solids with respect to chemical
composition. Searl et al. (1977} reported
that the highest extractable organics and
nonvolatile hydrocarbon concentrations
cccurred in New York Harbor watere, with
lower concentretions occurring near Ambrose
Channel. Tkey suggest that muach of the hy-
drccarbon in water is adsorbed onto particu-

late materizl which settles out in desper
areas of the Lower Bay.

One net impact of sewage inputs into
tha Lower Bay Complex is to provide ap ex-
cens of ammonium which in turn supports phy-
teplankton biomass {Garside et al,, 1976)
during seascnal kblooms. These blooms may in
turn result in water column oxygen deficien=-
cies in localized areas at certain times of
the vear (Swartz and Brinkhuis, 1978).
O'Conncors and Duedall (1975} and Parker et
al, f1976a,b) indicated that there is a con-
siderable ammonium and chlorophvll flux from
the Lower Bay Complex across the Sandy Book-
Rockaway Pi. Transect into the New York
Bight Rpex. O'Connors and Duedall {197%)
indicate the major scurce of this armonium
is sewaJe effluent from the New York metro-
politan area. Mahoney and McLaughlin {1977)
associated phytoflagellate blooms with hy-
pertrophication of Lower Bay waters.

Carmody et al., (1973} and Alexander et
al, (1978) reported on trace metals in sedi-
ments of the New York Bight and watere fror
the southern portions of the Lower Bay Com-
Flex. Lentsch et al. (1971), Hammond et al,
(1975), Jinks and Wrenn (1975) ané Simpson
et al. (197 ) described studies on radio-
nuclide distribution and sediment/water
interactions irn the Hudson estuary. darieg
and MeGrath (1977) and Waldhauer et al.
{1378) described trace metals in sediments
and waters of Raritan Bay, respectivelw,
Figures 9 and 10 indicate sampling stations
of these respective studies. Seeliger and
Edwards {1977) indicated that there was a
high correlation petween water column copper
and lead concentrations and benthic algae in
Raritan Bay, and that these metals in sea-
weeds ware present in the hichest concentra-
tions repcrted to date. Generally, metal
concentrations in water, sediment, and sea-
weed are highest at the western end of
Raritan Bay. Lead and copper concentra-
tions in water and sediment remain high in
the center of the Lower Bay Complex in a
band to the south of the Raritan Bav keach
Channel., Wwater and sediment to the north
on the Yest Bank had lower concentrations.



Fig. #: Stations sampled by Grieg and McGrath {1977} for trace metal content in surface sediments. After Grleg and McGrath (1977).
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Waters in Sandy Hook Bay had low, whiie

sediments had high, metal concentraticns.
Regicons on the East Bank bad the lowest
metal concentrations in the area.
Feaimewnt Pegources

The nature of sediment gquality in the
Lower Bay Complex has been reported by
(1969)
riled data from a large number of surfi=-

geveral investigators. Fray com=
cial sediment samples reported by Dean and
Haskin {(1964), Nagle (1967}, McMaster
(1954}, t1961), and Woodward-Clyde
i1575a). {1978)

the above data alonyg with a repert on sed-

Taney
Kastens et al. included
inment guality in 48 samples collected
{1979)
properties of sur-

during their study. Jongs et al.
described the textural
ficial sediments based on samples

study and those
al, (1%78). The
{1879} also

includes 50 samples obtained by Brinkhuis

collected during their
reported by Kastens et
report by Jones et al.
on the East and West Banks, in and around
redged hcles. The report presents a
textural property map cof sediments.

(1979)

updated version of the surficial sediment

Bokuniewicz and Fray prepared an
textural property map, and identified
probablie thicknesses of deposits that were
surveyed by subbottom profiling.

Figure 11 presents the textural
property index map produced by Bokuniewicz
and Fray (1879). Table 3 identifies each
of the deposits numbered in this figure
with the type of sediments in the Lower
Bay area, Other areas shown in the Lower
Bay Conmplex were identified by Dean and
{1964) .
may be noted.

Several points of interest
Deposits XII, XIII, and XVI
represent locations 4, F, and ¢ from
Swartz and Brinkhuis (1978} --gee Figure 2.
These are dredged holes on the West Bank
that have filled in with mud since the
11966-1972} to a
An overlying layer of

Haskin

time they were dredged
depth of 8 to 13 m.
mud up to 90 ¢m thick was indicated by
core samples collected by Brinkhuis and

16

cn the
Area 1X represents the location
2).

accumulated in ncles on the

Bokuriewizz (unpublished data)l.
Eest Barnk,
of mining in that logation (2 in Fig.
mud haco
Bank, as noted by Swartz and Brink-
{1979). 'The

oi mud on either Bank may be

Lagg
East
hiuls difference in accumula-
tion
attributed to different circulation
patterns. West Bank sites apparently
receive more suspended material from the
Hudson and Raritan rivers--material that
is more easily deposited due to the tem=-
vered current velocities in the shallow
watery of the West Bank and the effect
that hoies have in further reducing cur~
1879),

circulation is more

rent velcocities (Wong and Wilson,
On the East Bank,
vigorous, keeping fine materiale in
suspension,

The majerity of Hudson River flow
bearing suspended material flows into
Lower Bay on the west of Ambrose Channel,
Figure 12 depicts the idealized sediment
transport in the Lower Bay Complex as
(1369) .
surficial sediments on the

described by Fray

Generally,
East Bank zre coarser than material on the
West Bank. Bokuniewicz and Fray (1879)
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-hele data were avail-
Denosits
13 m

deep while those on the West Bank of

able are alsc shown in Table 3.
on the Bast Bank are between 9 and

ambroge Channel are deeper, up to 25 m.
Depnsits of Lower Bay Sands south of
Staten Island are about 8 m thick. Most
of the surface deposits consist of fine to
medium sand, with occasional patches of
very fine or coarse material. Only feor
areas where bore~hole data area available
car reliable estimates of exonloitable
rescurce material be made, Subbottom pro-
filingy alcne can not describe the nature

of particle sizes in subbottom deposits;
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Fig. 12 idealized transpon of sediments in the Lowsr Bay Compiex. After Fray, 1969,
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however, it can be helpful in determining
thickness of sediments as a whole.

DISTRIBUTION AND ABUNDANCE OF ORGANISMS

FPhytopiankton

A number of studies has been con-
ducted on phytoplankron distribution,
abundance, and productivity in the Lower
{(Patten (1959, 1961, 1962)
conducted detalled investigations on

Bay Conmplex.

species composition and diversity of the

phytoplankteon community in Raritan Bay and
adjacent Lower Bay waters. McCarthy
{1265)
phytoplankton in Raritan Bay.

{1966) reported on phytoplankton distri-

conducted a follow-up study of

Kawamura

bution in Sandy Hook Bay and adjacent
O'Reilly et al. (1976) and Malone
reported on annual productivity in

waters.
(1976)

the Lower Bay Complex and the New York
Bight Apex, respectively. Mahoney and
{1977, 1979)

toflagellate blooms in the Lower Bay

McLaughlin investigated phy-
Complex.

A list of the more common phytoplank-
.ton reported in the Lower Bay Complex (by
Patten
indicated that diversity increased

season! is presented in Table 4,
{1962)
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 (1962).

srstatum)

Piatoms
(mainly Sxgictonema dominated
the cold-water flows while dincflagellates
Jamnochlorie acomua were dominant

The
early fall were dominated by other nanno-
Patten

based on redundancy

and
during warmer sSeasons. summer and
planktonic flagellates as well.
(1962) indicates that,
and diversityv indices, Raritan Bay at that
time was a generally poor guality
ecosystem.
Productivity studies by O'Reilly et

al. {1976;
were highly concentrated during the summer

indicated that phytoplankton

21

‘McLaughlin {1977,

and sparse during late fall andéd early
winter.

{2.3-6 m)
sewage-, and phytoplankton-derived scurces

Despite a thin euphotic laver
resulting from terrigenous-,
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 astuarine 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 principally light-

limited. During the summer months of high
productivity, ammonium regeneration in the
water column and from sediments further
supplements phytoplankton demand (Malone,
1978) ,
nitregen-limited, in contrast to Ryther
11871

coastal New York waters.

At no time did pfoduction appear

findings in other
Kawamira {(1566)
reported that phytoplankton productivity

and Dunstan's

in Sandy Hook Bay is moderate. Patten's
(1962)
indicate that Raritan Bay has high pro-

{1976) found that

much of the nutrient input te Raritan Bay

phytoplankton productivity figures

duction, Garside et al.
is congsumed by the high productivity of
Studies by Mahoney and
1979} indicate that
cyclic blooms of phytoflagellates and

phytoplankton.

other phytoplankton are the result of
nutrients,
The
dominant species appear to be unchanged

interactions between salinity,

and species specific growth ability.

over a period of 20 years of study.

Zonplanktan

rRelatively few studies have reported
zooplankton observations in the Lower Bay
Complex. Reports by Jeffries (1959, 1962,
1964} and Yamazi (1966} indicate that zco-
plankton porulaticons in the Lower Bay
Complex are sgimilar to other protected
estuaries along the esast coast of the
United States. Two genera of copepods,

4eartiz and Zurstemsra, dominate the
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Takle 5 lists the
taxa of zooplankton reported during vari-

zopplankton reccrd.

cus seasons in the Lower Say Complex., It
may be noted that many meroplanktonic lar-
vae of other invertebrates are found in
zooplankton during the spring and summer.
At tines, these larval forms may dominate
the record.

Two species of dazrtic are the most
the Bay.

dominates in the winter and is

common copepods found in dearciz
alauedd
gradually replaced by 4. scusag during the
summer. During the winter-gpring transi-
ticn, two species of Furytemora increase
americera and E,

1259},

linked an increase in Fseudo-

in aburdance, F.

atrundeides (Jeffries, Jeffriesg
(1959
diapiomue ecronatue in Raritan Bay over
previous years to a reduction in sewage

effluent in the Bay.

nvertebrates

Overview
A fairly complete inventory of inver-
tebrate infauna and epifauna identified in
the following studies, includinrg work in
progress by the author, is presented in
Table 6,

phylecgenetic iderntities according to the

Specieg are listed with their
gcheme presented by Gossner (1971). Spe-
cies collected thus far in & benthic
survey south of Fire Igland, New York
{Coal Waste Arcificial Reef Project
(CWARF)] by investigators at the Marine
Sciences Pesearch Center, State University
(S.U.N.Y.)
included for comparison purposes.

of New York at Stony Brock are
Approximately 180 invertebrate taxa
have been repeorted for the waters cof the
Lower Bay Complex, including only the one
transect line 4/ described by Steimle and
Etone (1967), that lies on the East Bank.
Pearce (1974) reported only 78 taxa. The
number of taxa found at any one station
varies considerably, as well as between
bays. The time of vear samples are col-
lected accounts for further differences
between and within studies [e.g., Steimle

24

and Ztone (1873} - Appendix Table 7).

Difrferances in sampling fechnigues between
studies also account for discrepancies in
spacies commonly found in the area. FPor

example, Dean (1975) reported few species
This

might be attributed to his use of 1.5 mm

ané numbers of gammarid Amphipoda.

screens as opposed to finer meshes used by
others who reported greater numbers of
species and abundance. The number of taxa
fcund in any one study is typicallv 10 to
35 a2t the more productive stations. How-
ever, in many locations investigators have
reported very few species or numbess of
organisms,

Walford (1871) Study

Walford (1971)

taxa in his study of eight Lower, Raritan,

found a total of 31

and Sandy Hook bay guantitative stations
12y,
community was found 400 vards northeast of

{see Fig. The most diverse and dense
Swinburne Island, where 19 taxa were found
at his Station 38 in two samples obtained
The
smallest standing crop was found at Sta-

by ar 0.1 m* Smith-MclIntyre grab.

tion 10, immediately east of the Chapel
Hiil North Channel, represented by three
species (Cerebratulus sp., Fsphiys inciaz,
and Pestinaria gouldii) and three animals,
Low diversity and density were ascribed to
dredging and shipping activity. The area
sediments were coarse sands and gravel. A
tctal of five taxa was found at Station
12, two miles south of Station 10.
station was also characterized by shoaling

This
tations 2, 5, %, and
21 were located west of 10, 12, and 28 in
Walford found

that the sand-mud sediments at these sta-

coarse sediments.

1z to 15 feet of water,

tions supported a lesz diversified fauna.
Station 2 had the least biomass and diver-
sity of any stations sited on sand-mud
sediments. The last station desecribed in
the text, 27,
Lewer Bay in water 23 feet deep.

was located in the center of
The
sediments had more fine mud and exposed
mussel sheli. Walford conciuded that the
fauna in the Lower Bay was impoverished,

citing as one example the number of



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

Taxeon Seasonal cccurrence

Copepod

Azartia clguat

decartia tonsga

Eurytemora americana
Eurytemora hirundoides
Preudodigptomaeg zsoronatue
Temora longieornie

Temora etylifera

Tortanug discaudatue
Centropages typicus
Centropages hematus
Labidoecera aestiva
Cithona bervicornis
Cithonae gimiiia
Peeudcealanus minutus
Paracalanue eorassirrotris
Catanus Jinmmarchius

Polychaeta

Folydora spp.
Nerinides agiiie
NYereis spp.
Jzbellaria spp.

Mollusca

Mercengriag meraserariag
Mya arengrig
Jasga spo.

Crustacea

alanus eburmeus

lanus improvisug
aliinaotes gaptdusz
cer sp.

rainides maengs
angon eep*emap*noea
Furypanopeus depreszsus
Jdzopanope temxana
“ﬁgxrua tongicarpue

SS

vy Ty Oy Oy Lot
CIRTIRC IR 5-) fi
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Winter-spring
Summer=-fall
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=-spring

Summer
Summer
Summer
Summer

Summer
Spring-summer
Summer

Summer
Summer
Summer
Summer
Summer
Summer
Summer
Suntner
Summer
Summer
Summer



Table 6. Irvertebrate taxa found ir Lower Bay Comnlex and adjacent

waters.
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Taxon a b ¢ d e £ g h i
P, <Cnidaris (Coelenterates}
C. Hydrozoa b
0, Athecatsa
F. Tubulariidae
Tubularia sp. X
F. Pennariidae
Pernaric tiareiia ®
F. Hydractinijidae
Hidraetinig echingta X X x X
0. Thecata
F, Campanularidae
Okhelic spP. x
C. arthozoa
0. Actiniaria
F. Eagartidae
Sagartic modesta X x
F. Metridijidae
Metm»idium rerile ¥ X X X X
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Table 6 = continued

Taxon a b ¢

0. <Ceriantharia
Ceriantheospgis americanug

P. Platyhelminthes (Flatworms)

C. Turbellaria
unidentif. spp.

P. TRhynchocoela (Nermertean Worms)
unidentif. spp. X x

C. Anopla
0. Paleonemertea

F. Cephalothricidae
Procephalothriz spiralis X

0. Hetercnemertea

F. Lineidae
Zygeupolia rubens X
Micrura leidyt X

¢. Enopla

0. Hoplonemertea
unidentif. spp. x

P. Aschelminthes (Pseudocoelenterates)

€. iematoda
unidentif. spp. X ® ¥

?. Annelida {Segmented Worms}

C. O0Oligochaeta
unidentif. spp. x X

C. Polychaeta
Q. Phylledocida

T. Phvllcdocidae
Ftecne lactaa
Eteorne flava
Tieone hneteropoda
Bumida eanguineu x
Paranattis kostarignstis
Paranaitis specicsa b



Table 6 -

—~ontinued

Taxon a 4 f ¢ h 1

Phyillodoee rueosa X X
Phullodoce greemlansiaz X
Eulaitiag viridis X X

F. Polynoidae
darmothope extenuara ® b X X
Karrmothoe imbricata X X X
Lepidonotua esguamatng X ®x X

F. Sigalignidae
Sthenelate limicola x X x
Sigalion areniocola b4 X X

F. Glyceridae
Clyceraz dibranchiatyg x X ¥ X R
Flycery amerisana X X b4 X
Glyecera cepitata x

F. Goniadidae
Gontadella graecilis X X
Jontadia maculcta X

F. HNephtyidae
dgiaophamus circinata X
Nephtys bucers X X X
llephrye ineolea x x X x X
iephtys picta x ¥ X
Jephiys caeca

F. Syllidae .
Autoslytue sornutus X X X
Exogone sp. X x

F. Hesionidae
bodarke obecurz x

F. Nereidae
Nereie ccuminata
Nerefs grayti X ox
Serefe pelagieca X X%
liereis Bucsineg X X X X
¥erets virens x x
Kereie spp. X ¥ X X

Q. Capitellida

F. Capitellidae
Jeteromaatus Ffilifermie x X
Capitellaq eapitata % b



Table b - continued

Taxon

4

-]

f g

F. Scalibregmidae
Sealebregma inflatum

F. Maldanidae
Clymenella torguaia
Clumenella zonata

e |

. Opheliidae
Ammotrypane qulogasteér
Ophelia bicornis
Ophelia denticuleta
Travisia earneq

0. Spionida

F, Spionidae

Polydera Tigni

Polydora etliata

Pelydora sp.

Prionospio malmgrent

Seolelepta esquamata

Seclecolepides viridie

Spie filtecovnis

Spio setosa

Sptophanes bombyz
treblospio benedicti

F. Paraonidae
Arteidea suecica
Pgraonis lyra

F. Chaetopteridae

Chaetopterus variopedatus

F. Sabellariidae
Sabellaria vulgaris

0. Eunicida
F. Onuphidae
Diopatra euprea
dnuphis erenita
F. Lumbrinereidae

Lumbrineris [ragilis
Lumbrineris impatiens

29

moN

E]

]

L -

-

K oKX



Table 6 - continued

Taxon a

Lumbpineris tenuia X
Lumbrinerie acuta

Lumbrineris brevipes X
Hince nigripee

F. Arabellidae
Drilonereis longa ¥
Notozirrua cpintferus

2. Magelonida

F. Magelonidae
Magelona rcsea X

0. Ariciida

F. Orbiniidae
Orbinia ornata X
Orbinia swani
Seoleplos robustus X
Seoloplos fragiilis
Seoloplos armiger

0. Cirratulida

F. Cirratulidae
Cirratulue grandie
Cirvatulus ecirratusz
Tharyz acoutus X
Dodecaseria coraiiil

wox

0. Terepellida

F. Pectinariidae
Pectinaria Rureérborea
Pootinaria gouldii-

F. Ampharetidae
Amprarete areiica b
dsabelizdes oculata 3
dmphicteis gunneri

F. Terebellidae
Nloclea venustula
Polyeirrue phosphoreus
Polycirrus eximiue

¢, Flabelligerida
Pherusa affinie

30
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Table 6 -~ continued

Taxon

O, GSabellida
F. Sabellidae
Sabzlla mievophthalama
Fuchone rubrocincta
Potgmilia rentiformis
F. Serpulidae
Hydroides dianthus
Protula tubularia
P. Arthropoda (Crustaceans)
Sp. Chelicerata
C. Merostomata
0. Xiphosurida

F. Limulidae
Limulus polyphemus

8p. Mandibulata
C. Crustacea
Sc. Cirrepedia
0, Thoracica
Sa. Balanomorpha
F. Balanidae
Falanus eburneus
Balanues crenatus
Balanus improvisus
8¢, Malacostraca
50. Peracarida

G, Cumacea

F. Bodotriidae
Leptocuma minor

il

L]



Table 6 = continued

Taxon a b ¢ 4d h
F. Diastylidae
Digetylia poiita % X
Digatylis seculrte X
Ozyureostylie emithi x
6. Tanaidacea
F. Paratanaidae
Leptochelia f£ilum X X
0, lsopoda
Sa. Anthuridea
F. Anthuridae
Cugthura polits X X X
S50, Flabellifera
F. Circlanicae
Cirolang corcharum X X
So. Valvifera
F., Idoteidae
Chiridotes coeca %
Chiridotea tuFtei X b4
Edotea trilvka X X x
0. Amphipoda
So. Gammaridea
F. Ampeliscidae
Ampeligca
moeronephala X X
Ampelisca vadorum x
Bybliz aerrata x
F. bAoridae
Miercdeutopes
gryllctalps X
F. Corophiidae
Corophium
tuberculatum x ®



Table 6 - continued

Taxon d h
Inatoia serrata b'4 X
neicia trrorata X

F. Gammaridae
Elasmorue laevie X X
Jammarug rtusronatus X
Gammarug annulatusg
Fammarus oceanticud
F. Haustoriidae
Aathyporetia
quaddyensis X
Bathyperetia parkeri
Protohauetorius
deichmannae 4
Protohaustorius
wigleyi X
Farahauatorius
attenuatis X
Parahaustoriusg
holmegi X
Parahaquatopius
longimerus X
Aaanthohaus torius
intermediusg X
Acanthohauetoriug
mitllat X
doanthohaustortius
SpPiNOsUs X
Pgeudohaustorius
borealis X
Pseudokaugtorius
cgroliniengis
F., Ischyrocerida
ITzchyroceros
anguipes X
Jagga falecata X x
F. Lilljeborgiidae
Ligtriella sp.
F. Lysianassidae
Tmetonye nobilie X
Eippomedon gervatue 3
Anongyw Lilijeborgi X



Table & - continued

Taxon

F. Oedicerotidae
Meroeulodes
edwardai

T'. Photidae
Phiotis maszrocoza
Podooeropsis nitida
Leptochetiris pinguis

F. Phoxocephalida=
Phozocevhalus
holbollt
Fapraphozus
8pinosus
Tricheophonus
eptstonue

F. &tenothoidae
Stenothoe eypric
Stengthoe minuta

0. Caprellidea

F. Caprellidae
Aeginella spinocsa

0. Mysidacea
F. Mysidae
Neomypsie americana
Heteromysis formose
Myais mizta
50. Eucarida
C. Decapoda
Io. Caridea
¥. Crangonidae
Jrangon
geptemgrincsa

Ioc. Astacidea

F. HNephropsidae
Homarue americanua

34
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Takle 6§ - continued

Taxon

I¢. Anomura
SF. Pagurcidea

F. Paguridae

Pagurug
tongiearpus

Pagurus
pollicaris

Io. Brachyura
. Oxyrhyncha

F, Majidae
Libinia
emarginata

5. Cancridea

F. Cancridae
Cancer itrroratus
Caneer borealis

5. Brachyrhyncha
Carcinus maenas
Ovalipes ocellatua
Callinectes sapidus

F. Xanthiidae

Panopeus herbatii

Neopanope tezana
gayi

Hexapancpeus
argustifrong

Rithropancpeus
harnigid

Eurypancpeus
depresaus

P. Mollusca
¢. Gastropoda

Sc. Prosocbhranchia

i5

nx



Table 6 - continued

Taxon d h
0. Mesogastropoda
F. Lacunidae
Laeuna vineta ¥
FP. Littorinidae
ittorina ilittoreq X
F. Pyramidellidae
Turbeonilla elegantuia X
Pyramidella fusen X
Odoetomia 8p. X
F. Calyptraeidae
Crepidula forniecata X X
repidula plarna X X
Crucibulum gtriatur x
F. Naticidae
Polinires duplicutue X
Lungtia heros x b4
0. HNeogastropoda
F. Muricidae
Urosalpinx cinercus X
Eupleura caudata X
F. Columbellidae
Mitrella lunata x x
F. Melongenidae
Bugycon coudata x
Bugyeon cancliouiatun b4
¥. Nassariidae
Fasgarius trivitiatus X ¥
Nassartus chgeoletue X
S¢, Opisthobranchia
0. Cephalaspidea
F. FPetusidae
Retuea canaliculata X
Retusa chtusa b

Q. HNudibranchia



Tahle & - continued

Taxon

c

d

e

f g h 1

So. Doridacea

F. Corambidae
Covambe obaoura

F. Lamellidorididae
Adalartia prozima
Aeantnodoris pitlosa
C. Bivalvia
S¢.  Prionodesmata

0., Protobranchia

F. Nugulidae
Fucula proxima

F. HNuculanidae
Yoldia iimatula

S¢. Pteriomorphia
0. Ptergconchida
F, Mytilidae
Mytilus edulisg
Modiolus demigsus
Modiolug modiolue

Crenelia decussata

F., Ostreidae
Crassostrea virginica

F. Anomiidae
Anomia simplex

S¢. Teleodesmata
0. Heterodontida
F. Astartidae
dstarte castarea
Astanrte wundata

Agtarte borealis

F. Arcticidae
Apstipg islandiea

37
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Table 6 - continued

Taxon a o

F. Cardiidae
Ceraatoderma pinnulatum

F. vVeneridae
Merrengria mercenaria
Gemma gemma X

F. Petricolidase
Petricola phkoladiformis

F. Mactridae
Apteula golidisgima
Mulinia laterglis

F. Tellinidae
Tellina agt
Macoma bait

itg X X

hieq

F. 5Solenidae
Solen vipridis *
Ensis directus X
Siliqua costata

F. Myidae
Mya arenaria

5¢. Ancmalodesrata
Q. Eudesmodontida

F. Pandeoridae
Pandora gouldiana

€. Cephalopoda
Sc. Colecidae
0. Teuthidida

F. &Uoliginidae
Loligo pealet x

2. Echinodermata

C. Echinoidea

e

HS



Table & - continued

Taxon

i

0O, Arhacioida

F. Arbaciidae
Arbacia puretulata

0. Clypeasteroida

F. Echinarachnidae
Echinarachnius parmg

C. Stellerocidea
Sc. Asteroidea
0. Forcipulatida

F. Asteriidae
Asterias forbesi

P. Ectoprocta {Bryozoa)
C. Gynnolaemata
0. Ctencstomata

F. Alcyonidiidae
Aloyonidium polyoum

F. Vesicularidae
Bowverbankia graciltis
Amathia vidovioetl
0. Cheilostomata
So. Anasca
F. Membraniporidae
Membranipora tenuis

Contopeum yreticulum

F. Electridae
Flectra sp.

F. Bugulidae

Bugula turriiag
2ugula sp.

39
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Table 6 - continued

Taxon

e £ g h

i

So. Ascophora

-

F. Schizoporellidae
Sehizoporella unicornis

F. Cheiloporinidae
Cryptosula pallasiana

Unidenti. spp.

P = Phylum; C = Class, Sc = Subclass; 50 = Superorder; O = Order;

30 = Suborder; Io = Infraorder; SF = Superfamily; §

F = Family

40
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Fig. 13 Aporoximate kocaticns of stations sampled by Waitord (1971). Original map not available.

lem =1200m




gammarid Amphipoda species (1 « ineicic

serrata) compared to other unpolluted en-
virenments which commonly report 21 +o 200
species (Note: 1 mm screen used)l. In a
nunmber of other gualitative stations
sampled by dredge hauls, Walford found
approximately one Lersenaria mercenaria
Tttt (16 m7).
(1967) alsn report

not uniformly distrib-
Walford
{1960)

working on the Nantucket Sheoals found sim~

{hard clam) per 176 Haskin
{18962} and Campbhell
that hard clams are
vted in Lower and Raritan bays.

indicates that Ropes and Martin

ilar dernsities, which they censidered as
being very low. Walford found extensive
beds cf empty Mya crenaric (soft clam)

shells and only one live individual. 1In
Dean (1875)

species was very abundant in his 1957 to

contrast, reported that this
1960 surveys.

Presence of species recorded by
Walford (1971}
his data are tabulated in Appendix
Table 1,

Dean and Haskin

are checked in Table 6 and

{1964) Study
(1964)
invertebrate distributions at 20 stations
taken in the lower 20 km of the Raritan

Dean and Haskin reported on

River estuary between 1%57 and 1960

{Fig. 14}. They obtained a total of 69
samples by Petersen and vanvVeen grabs.
During 1957, prior to sewage abatement, 17
In 1958, a
sever system began operation in the lower
Raritan Valley. The 12 stations sampled
in both 1958 and 1939 yvielded 21 and 28

In 1966,
the number of marine speciesz declined
slightly. 2ll of the marine taxa (17
total! they recorded during the study are
checked in Table #.
tributions of marine species (#+m~%) are
listed in Appendix Table 2, &All of their
gquantitative samples were collected during
the summer months {(June to August). The
authors indicate that it is tempting to

narine species were found,

marine specjes, respectively,

The quantitative dis-

conclude that pollution ahatement caused

the increase in diversity and abundance,.

42

{1975 Study
bBean (1975} sampled the macrobenthos
15a,b and 1l6a,b) in
the Lower Bay Complex by Petersen and
vanveen grabs between 1957 and 1960.

Dean

at 133 stations (Fig.

all
vf the stations were sampled during the

summer months, Dean reported in detail on
of the 30 most

prevalent species encountered in his sur-

the abundance (or presence)

vey, by station number (see Appendix Ta-
hle 3}.
rence and abundance of less common species

He separately listed the occur-

and the stations at which they were noted
The data at the

bottom of each station listed in Appendix
Table 3 (Total #-m-2,
tive, Total # species} were compiled by

(see Appendix Table 4).
¥ species quantite-

this author from both of these appendix
tahles. PForty-nine of these stations were
sampled for three or four consecutive
summers (see Appendix Table 5). The total
number of species at each of Dean's sta-
tions was used to draw a species richness
map of the Lower Bay Complex (Fig., 17}.
Included in this map are data from
Transect 4 from Steimie and Stone (1973)
and Brinkhuis (1977-1978 unpublished
samples), The species richness map indi-
cates that most of the Lower Bay area,
bounded by Staten Island, Chapel Hill
Channel, and the Raritan Bay Reach,

has greater than 20 species'm™* of station
The principal exceptions are
{iabelled 2, B, and ¢ on

Fig. 17}, where less than five species

sampled.
three areas

{often zero) were reported at stations
sampled by the present author {sees Brink-
huis Study for discussion). In contrast,
(166 and 251) sampled hy Dean
hefore dredging in areas £ and ¢ each con-

Most ¢f the lower

two stations

tained 25 species+m—2.
Raritan Bay contains 10 toc 14 species per
station sguare meter. Species richness in
western Raritan Bay is highly wariable,
ranging from pockets of < 5 species-.m-?
mear the Raritan River and Arthur Kill to
pockets of < 25 speciessm™?. Generally,

the number of species*m™? is between 10



Fig. 14: Stations sampled by Dean ana Haskin {1984} in and at the mouth of the Raritan River. After Dean and Haskin (1964).
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Fig. 15: Raritan Bay racrobanthos survey, 1957, 1958 siation locations. From Dean (1975).
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Fig- 16: Raritan 8ay macnobenthos survey, 1859, 1980 siaticn locations. From Dean (1975).
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and 20 in most of western Raritan Bay.
east of the Ambrose
Channel, contains 15 to 25 species-m—?2,

The East Bank arez,

with the exception of the area extending
from Buoys R 768 to R 4§ and 1,000 yards to
the Fast. z
found in an area actively dredged between
1972 and 1976 {see Brinkhuis Study for

One station (171}
Dean before dredging contained 44

Here tco, < 5 species-m™* are

discussion}. sampled by
species-m™%, the highest richness reported
in the Lower Bay Complex. Insufficient
data are available to plot species rich-
ness for other areas shown in Figure 17.
McGrath (1974) Study)

McGrath (1974)

results of a continuing survey of 78 sta-

presented preliminary

tions in the Lower Bay Complex (Fig. 18).
The data reported only represent 40 sam-
ples collected in January and February,

1973,
were planned, but to my knowledge have not

Three additional seasonal samplings

Each of the stations
0.1 m? Smith-
MeIntyre grabs and samples from one grab

been reported on.
was sampled by replicate {2}

ware seived through 1.0 mm screens, A
species list is presented by McGrath, and
is included in Table 6. No data are pre-
sented by McGrath on total species or
density per station. Interestingly,

Pearce et al. (1979} include a figure

(Fig. 19! based on McGrath's data. This
figure illustrates the patterns of species
diversity (H') in Raritan, Lower, and

The number cof points
not 40,

Sandy Hook bays.
(stations) illustrated number 5&,
samples as reported in McGrath (1974).
The patterns of species diversity in
Figure 19 are similar to the patterns of
species richness presented in Figure 17.
McGrath reported that the average
number of species per sample was 4 and the
average number of individuals was 1ll. No
sample contained more than 138 individuals
{1,380-m~2) and one station {(61l) was com-
pletely azoic at the 1.0 mm level.
MctGirath caleculated an index of common per-
centage overlap between stations, from
which he determined that there were three

17

areas of generally higher affinities {in
nearly all cases, replicate samples showed
a common overlap of greater than 50%).
(Stations 67, 34, 33, and
62) was the extreme western end of Raritan

The first area
Bay, near the mouth of the Raritan River.
The second area was north of the Raritan
Bay Reach channel. The final group of
4%, L7, 85, 87, and 88}

south of a line from the tip of Sandy Hook
to Point Comfort.

stations (52, lay
Further, the groups in
Sandy Hook Bay and Raritan Bay proper were
faunistically similar, although spatially
gseparated.

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 3ay
One communhity (4!, in the ¢en-

iz dominated by

Complex.
tral portion of Lower Bay,
the deposit-feeding bivalve Tellina agilis
and two polychaete worms Streblospic bene-
dizti and Nephtys bucera. The only other
bivalves in this community are juvenille
Soisula eslidissima and a few Mulinia
lateralis. Sixteen species occcur as a
major fraction of at least one station in
the community (Table 7).

McGrath's Community 5 is impoverished
in both density and diversity (Table 8).
Cnly 10 species, of which 4 regularly,
form a major fraction of the fauna. The
community is dominated by Mulinia
lateralisa,

Hepntys bucera, present in

Community 4, is replaced by its congeners.
The mud snail Nassardus trivittatus Ls the
only organism abundant in both communi-
ties. Community 4 is prevalent in the
area defined as Lower Bay Sands, while B
accupies west Raritan and Sandy Hook Bay
18).

McGrath found no dmpelisca

muds (see Fig.
{amphi~
poda)l in his winter samples. He indicates
that their absence mav be due to presence
of 0il in sediments, especially in western
{1970} de-
scribe the sensitivity of Ampeliscid am-

The

Raritan Bay. Blumer et al.

phipods to lLow concentrations of oil.



Fig. 18: Stations locaticna, benthic micrefaunal cenaus of Raritan Bay. From McBrath (1974).
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Table 7. <Composition ¢f Raritan Bay f(and

Lowegr Bay) sand communiiy 4. Percent oc-

currerce as major (> 10%) fraction of sam-
ple (from MoGrath., 1974).

5 Major

Bpecies fracticr
Telldina agotiis 63.6
Strebicspic beredier? 36.4
Rephtye bucera 3l.8
Nemertea Spp. 22.7
laegerius trivittacus 22.7
Glyeerg dibravnsiniaia . 22.7
Protohauatorius deiehmannae 18.2
Spic T oseteosa 13.6
Poludore ligni 2.1
Seolevolepidee vipidice 9.1
Tephtye inefea 0.1
Hulinia lateralis 4.5
Edotea montosa 4.5
Pararhcrus epistomus 4.5
dsanthchaustoriue willed 4.5
Spiewla swlfdiasima 4.5

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

% Major
Species fraction

Muilinia lateralis 68.7
Nzssarius trivittgtua 25.0
Nephtye inctea 18.7
fleshtye pieta 12.5
Neghtys cacza 6.3
Nephtya bucera 6.3
Lgtarte boreaiis 6.3
Peatinaria gouldit 6.3
Lertockeiia aavignui 6.3
Mgreenaria mereenarta 6.3

lack of 4mpelisza in his samples seems to
contradict the findings of Dean (1$75) who
found large numbers at some of his sta-
tions sampled between 1957 and 1960 {see
Appendix Table 3). However, Dean's data
do show a trend of decr=ased abundance of
Ampeligeca in western Raritan Bay. The
lack of Ampelicea in MeGrath's study may
be due solely to the fact he cnly col-
lected {reported on) winter samples.

Steirle and Stone (1973) more commonly
found fmreliscc between Rpril and Octaber,
with few repocrted during winter months,
The greatest densities found by Dean were
a sratione juast south of Great Kills Har-~
bor {(5taten Island}. Further, Dean found
thhat the bivalve Mya arenuric was much
more common in West Raritan Bay Muds than
Mulimic laterciise. Both of these species
are known to undergo large annual varia-
tions in density. Huliniz is ecpecially
known as an opportuynigtic species, which
may be mresent one vear in 100,000/m’® and
gone the next (Calabrese, 1970). McGrath
corcludes that the area he sampled is an
impoverished one.

Woodward-Clyde (1875) Study
Woodward-Clyvde (1975a) 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 wag actually conducted while éredging
was in progress. Woodward~-Clyde (1975b)
alsc conducted a post-dredging study,
which will be considered in the section of
this report dealing with environmental
effects of mining/dredging.

Woodward-Clyde sampled the benthos by
Shipek grah, clam dredge, and ctter trawl
at eight stations (Fig. 20). Station 2
was apparently directly disturbed by
dredging activity that had taken place by
June, 1375. Sampling for fauna was begun
at these eight stations in June, 1975.

The 24 samples (3 each station) obtained
by Shipek grabs (0.04 m’) were screened
tnrougih an 0.5 mm mesh. Species richness
ranged 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 {3 each sta-
vion) retained (by an 0.5 inch bar mesh)
11 benthic gpecies. Diversity ranged from
1l to 5 species per trawl (mean = 3} and
densities ranged from 1 to 50 individuals
{not per species) per trawl. The 22 clam
dredge samples retained (by 2.5 inch mesh)



Fig 20: Stations sampies by Woodward-Ciyda {1975a) for predredging studies on the East Bank. Shatied area was actually mined

during Juna, 1975. From Woodwarg-Clyda (1975a).
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only 9 species., Only 14 of 22 samples
contained any invertebrates. Individual
hauls contained as many as 3 species and
15 iIndividuals {(nct per species).

4 total of 51 invertebrate {axa was
identified to genus or species and these
are included in Table §. The infaunal and
epifaunal invertebrates were dominated bv
bivalves and polychaetes. The number of
organisms -m=¢ and number of species at
2ach station are summarized in Appendix
Table 6. The data reported for the borrow
area {Stations 1-4) indicate fewer numbers
of organisms per sample as well as fewer
species. Collections from Stations 6 and
7 were different from otker stations. The
high density at Station 6 can be ascribed
to a dense hed of small blue muesels,
along with a host of predators {small dec-
apods). The remaining fauna at Station 6
wag rather gparse and typical of other
stations., Station 7 contained 50% more
species than the most diverse samples from
octher stations. Polychaetes and amphipods
were diverse and numerous. Possibly the
high level of organic carbon in the sedi-
ments at this station is the reason.
Woodward-Clyde conclude that the other
station samples yielded diversity and
density comparable ts other sand communi-
ties reported in the literature, and that
this area of the East Bank was not
impoverished.

Eteimle and Stone (1973) Study

Steimle and Stone (1973} reported on

& study conducted by the Sandy Hook-

Northeast FPisheries Center along the sou4h
shore of Lony Island (Fig. 21). A total
of 39 statione was sampled by Petersen
grab repeatedly at monthly intervals be-
tween 1966 and 1967. Only »ne transect,
£, of six stations lies within the Lower
Bay Complex boundaries. This area is
commanly referred tc as the East Bank.
Steimle and Stone reported a total of 145
taxz for their entire transect study, en-
compassing 1l monthly samplings. In

Area 4, a total of 70 taxa was found.

The taxa recorded in both 4 and the

52

remainder of their survey are checked in
Table 6.

Transect 4 had the greatest abundance
of organisms recorded isee Apvendix
Table 7). 7The area was not, however, the
most diverse., In all transects, there
generally was an increase in diversity
with ar increase in water depth {i.e.,
distance offshore). Transect £ Stations 1,
2, and 5 exhibited the greatest abundances
for one reason only--extensive blue mussel
beds (Myt<{iue edulie). If mussels are
disregarded Transect 4 would, in fact,
have abundances comparable to other sta-
tions. The range in number of taxa in 4
was 1% to 35 gspecies. The greates:t number
of taxa recorded at any station for the
vear was 54. The total number of taxa re-
corded in 4 was similar to that reported
by Woodward-Clyde (1975a); however, there
were differences in the taxa recorded.

The greatest number of taxa and individu=-
als in 4 was generally found between June
and Sertember. Again, this period's
greatest abundance was domrinated by blue
mussels.

Steimle and Stone describe two
assemblages that occur in the East Bank
area--the medium sand assemblage and the
#ytilue edulis aggregation. One other,
the fine silty sand assemblage, was not
found in Transect 4. The dominant organ-
isms in the medium sand assemblage are
presented in Table 9 and the species
associated in the Mytilus edulis aggrega-
tion are listed in Table 10. Usually, the
medium sand assemblage inhabited the sands
under the mussel clumps. Most of the mus-
sels collected (95%) were approximately
1l om in length. The mean number of ani-
malg.m~?! in the medium sand assemblage of
A was 209, with a wmean of 24 species,
Brinkhuis (1977-1978) Studv

Betweern 1377 and 1978, Brinkhuis
obtained Shipek grab samples at a number

of locations on the Fast and West bankg of
the Ambrose Channel (Fig. 22). S8ix grabs
were obtained at each of 40 stations. The
samples from each station were pooled and
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Fig. 22 Shipex grab sampies sereened for invertetwates by Brinkhuis between 1977 and 1976. From Swarlz and Brinkhuis (1978),
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Table 9, Steimle and Stone's {1973)
medium sand assemblage found in Area 4 on

the East Bank, Stations 3 and 6 {arnd pos-
sibly 4).
Species
Teiling agilia bivalve
Protantgquitorium burrowing
deichmannae amphipod

Fgeahinarachine parna sand dollar

Ineicia fpporata tube-dwelling
amphipod
fpileuia solidiesima surf clam
Also frequently asgociated:
Lertsceuma miner cumacean
Acantronaugtoriua millal amphipod
Frichorhczus eristomus amphipod
Morooulodes edwerdst amphipod
Staenelats limicola polychaete
Lumbrineris fragilis pelychaete
Jfricphanas bombyx polychaete
Table 10. Steimle and Stone's (1973)

Mytiiuse edulis assemblage found in Area 4
on the East Bank, Stations 1, 2, and 5.

Species

Myrzilus zdulis blue mussel

Harmothce extenuata polychaete
Hdarmethaoe Imbricata polychaete
Jerels suceineg polychaete
Lepidonatus squamatus polychaete
Neopanspe tarana crab
Metridium genile anemone

sieved through 1 mm screens. These sam-

ples were collected with the strategy to
determine if there were any long-term
{mining) that took
and D.

the stations sampled were located in holesg

effects of dredging
place in Areas 4, B, C, Some of
that remained after mining, as well as in
adjacent sediments. These samples were
collected incidental to the study reported
by Swartz and Brinkhuis (1978}.
Invertebrate taxa recovered from

Table 11 and

respectively} .,

these samples are ligted in
12 {East and West banks,
Each table is subdivided
affected by dredging 'in

into stations
actuwal heles

themselves) and those unaffected. The

55

presence of dredging activitv was deter-
mined from dredging activity reports
(Sankc, personal communication) as well as
bathymetric changes determined from depth
recordings that were compared to older
nautical charts. No distinet trends are
discernible from the data comparing
dredged and undredged areas on either the
East or West bank. Dredged holes on the
West Bank had filled in with up to 80 cm
of silt-clay (70-90%) which had organic
carbon levels of up to 25% by weight. The
holes on the West 3ank most frequently
were azoic. Undredged sediments nearby
did not appear to contain significantlv
the
undredged stations were in close proximity
to the holes.
of the holes on adjacent water guality
(Swartz and Brinkhuis, 1578}, Dredged and
undredged sediments on the East Bank had
The number of taxa and
abundance was greater than on the West
Bank.
Bank.

tained large amounts of silt-clay.

more species or numbers; however,

There may have been effects

comparakble fauna.

Few areas were azoic on the East
Holes on the East Bank seldom con-
Again,
undredged stations were within the con-
fines of an area designated for sand
mining between 1971 and 1%974. Their close
proximity to dredged areas may explain the
lower diverszity and abundance than that
reported by Woodward~Clvde (1975a) and

Steimle and Stone (1973).

Brinkhuis {1975=-1%80} Study

Brinkhuis is currently cenducting a
faunal survey in three areas of the Lower
Bay (Fig. 23). 1979,
these three locations are being surveved

Starting in June,
every three months for one year. Two sam-
pling grids for repeated sampling have
been established: a ccarse grid, consist-
ing of stations every %00 m at the nodes
of the triangles in Figure 23, and a fine
grid in the shaded triangles with stations
Three Shipek
EBach
station's sewmples are pooled and sieved

spaced at 200 m intervals.
grabs are cbtained at each station.

through 1 mm screens. Samples are



Table 11. Taxa found by Brinkhuis (1577, 197&) in East Bank stations. Data
are #-m~? from 5ix pooled Shipek grabrc per station. Numbers in [ ) below
station numbers are depths in feet below mean low water.

Stations

5 6 7 24 25 26 32 36 37 39
Dredged (59) (56) (53) {45 (371 (70} {48) (55} (65} (50)

Nematoda 15 5 16 20 15
Eteone sp. 5 5 5
Soniadia sp.

Kepntye sp. 20 1d

in

Fereis sp. 5
Cyathura nolita
Amphipoda 5

Crargon
geptemepincsa 13

vvalipes
cellatus 5 3 1¢ £

Ruithropanoreus
narrisei 5

Mutilus edulte

Nassarius
obzoletus 5 20

dsterigqs forbest 5

Ammody tes
amerieanus 15
(sand lance)

Total 4 species 1 4 3 4 2 5 3 1 0
Totai #-m~? 5 40 15 30 13 50 45 5 0 15
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Table 11 - continued

.
Stations

22 23 27 31 33 34 35 kY:} 40
Net dredged {26) (33) {25) {26) {18} {(75) (12) {25) (18}
Nematoda 40

EZteone

Foniadig 8p.

lephiys "sp. 15 5 10
Nereig gp, 25

Caathure poliiqg 10
Amphipoda

frangon

Feptemspingsg
Cvalipes ocellatys 5

Hhithropanopeus
harpiggy 5

Mytilue adyiis
¥asgartus obzaletys 10 25

dsterica fophesy

Ammodytes amerieanys 25

(sand lance) .
Total # species 0 3 1 2 1 1 2 2 o
Total #.m~2 0 45 25 15 25 40 15 15 0
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currently being sorted to species and
enumerated.

Preliminary analysis of some samples,
mainly Bast Bank stations, indicates the
prasence of at least 53 taxa, including
12 species of gammarid Amphipoda.
Woodward-Clyde (1975a} reported 13 and
Dean (1975) reported & species of gam=-
These preliminary results
indicate that L0 to 35 taxa are found at

marids.
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 repregented by exten-
sive beds of dead mussel shells (Mytilus
2dulia and Modiclus modiolus).

Miscellaneous Reports

A number of sporadic samplings, pri-
marily to determine shellfish distribution
{(Mercenaria mercenariq and
Mya arenaria) has been reported. 1In the
early to middle 1800s, the hard clam

and abundance

Mercengria mercenaria was harvested com-
mercially from Raritan and Lower bays.
Goode (1887} indicates that by 1880 shell-
fishes obtained from Newark Bav tasted of
coal oil and were unsuitable for sale.
Jacobson and Gharrett (1967) report that
the harvest of shellfishes in Raritan Bay
peaked in the late 1880s and maintained a
high lewvel until about 1945, when a grad-
ual decline in the harvest was noted.
Cluming (1917) stated that significant
populations of oysters (Crassostrea vir-
ginieg) were under cultivation in the late
18008 and early 1%00s. ©Nelson {1916} pre—
dicted a decline in oyster abundance as a
result of copper and industrial pollu-
tantg. The oyster has now virtually
disappeared from the area. A small popu-
lation has been reported recently off Ward
{MacMillan, perschnal
It has also been reported

Point, Staten Island
communication).
that bay scallops were once common to
Raritan Bay.

Haskin (1962} and Campbell (1967}
reported on the distribution and abundance
of Mercenaria mercenariz in Raritan and
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Lower bays. Both investigations reported
{< 1" in length).

There are apparently larger numbers of

the paucity of juveniles

commercial-sized c¢lams in the northern
half {above Raritan Bay West Reach) of
these bays. Paucity of juveniles was
ascribed to pollution preoblems. Dean
{1975)

specimens of hard clams at six of his

reported finding only ogcasional

stations during his 1957 to 1960 survey.
All of the Lower Bay Complex has been
closed to commercial harvesting since 1961
due to industrial and coliform pollution,
as well as outbreaks of infectious hepa-
titis (MacMillan, personal communication).
At present, harvesting of hard clams is
limited to an area in Raritan Bay (see
Fig. 24) under an experimental program.
In this progfam, clams are depurated for
30 days in a plant on Staten Island {Great
The
mest recent axtensive survey of hard clam

Kills) before release to the market,

abundance was conducted by the New York
State Department of Environmental Conser-
vation in October of 1970 (Hendrickson,
perscnal communication}. The area sur-
veyved and general patterns of abundance
are shown in Figure 24. Few clams were
found in the western pertion, while the
highest densities were found just south

of the Raritan Bay West Reach.
Fighes

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
Croker (1965) identified 20
species of endemic plankteonic fish eggs
and larvae (Table 13)
Sandy Heok Bay. A fairly complete list

spawning.
that occurred in

of fish taxa caught in the Lower Bay Con-
plex, consisting of 71 species, is shown
in Table 14, Thirty-three of these taxa
are caught regularly (see Abundance



Flg. 248 Map showing abundance of Mercenaria mercensris \n @ 1970 New York State Departrnent ot Environmental Consarvation
survay. From Handrickson (parsonal communication).
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Table 13. Species of fish eggs and larvae and months of
occurrence in Sandy Hook Bay (from Croker, 19653),

Qcecurrence

Species Eggs Larvae
Erevoortia Lyrannus May=-June Nov.-Dec.
Clupza Aarvenzud harewugu? March-May
Anchoz mit;kii?i Mav=June June-3ept,
Anguilla mogtrata March-June
Fundulug hetgrucelitus June-July June
Fnehelyopus eimbrius June
Foiliohius uvirens April
Hippcoampus erectus June-aApril
Syngrnathius fuscus May-July
Mieropogon wundulatue Nov.
Tawugowa onitis Mav-July July
Gubicacma 8D. Aug.
Prignotus sp. HMay-June
Mucozorerhalus gp. . March-April
Ammsdutes americanus March-May
Teprdius tpiooanthus July
Menid.z menidiia May-July
Joorhthalmus aoucsus Mav-June June
Feeudonleurongstes amevicanus April-June
Srageraiyes miouwlatus June=July




Table 1li. List of fish species reported for the Lower Bay Complex.
Taxa Common nale Occurrence

Carcharhinidae

Mugivelus zanis smooth docfish (summer)
Squalidae

Sgualua acanthige spiny dogfish {uncommon)
Rajidae

Rajz erinzeea little skate {(uncommon)

Raja ezlanteria clearncse ckate {uncommon)
Dasyatidae

Dasyaiie eencroura roughtail rtingrav {uncommon}
Acipenseridae

Acirenser Lryevircgtrum shortnose sturgeon {uncommon)

Acipenser szyrhunchus Atlantic sturgecn {uncommon}
Anguillidae

Anguilla rostrata hnerican eel
Congridae .

Conger coeanioug conger eel {uncommon)
Clupeidae

dicsa asotivalie ‘blueback herring {all year}

ficea mediveris hickory shad {uncommon)

Aloss pseudoharsengus alewife (all year)

Alcea esapidissima American shad {fall-spring)

Brevoortia tyrannug Atlantic menhaden {all year)

Ciurea herenyus harengus Atlantic herring (fall-spring)
Engraulidae

Anchoa Repsetus striped anchovy {uncomnon )

Anchoa mitehilli bay anchovy {summer-£fall)

Engraulis euryectole silver anchovy {fall)
Synodontidae

Synodus foetens inshore lirardfish (uncommon}
Batrachcididae

Opesanue tou oyster toadfish {uncommon)
Lophiidae

Lorkhiua americanus goosefish {uncommon )

Gadidae
Enekelycrus 2imbriua
Merluceius hilinearie
Pollachiug vipens
Urcphyais ohuze
Jrephiuais regius
imophyois tenuia

Atherinidae
Maridig menidic

Gastercsteidae
Gaaterceteus aculeatus

fourbeard reckling

‘silver hake

pollock
red hake
spotted hake

vwhite hake T

Atlantic silverside

threespine stickleback
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(larvae only)
{fall=-spring)
{larvae only)
{all year)

{all year)
{uncommon}

{fall-spring)

{uncommon)



Table ld4- continued

Taxa

Cemmon name

Qocurrence

Syngnathidae
Hippocamrus eractwus
Syngrnathus Ffuszus

Cyprinodontidae
Pundulus hervepoclitus

Perichthyidae
Norene gmerioana
Morene sazatilis

Serranidae
Controprigtis arriata

Pomatomnidae
Fomatorue saltatrix

Carangidae
Yomer servtapinnis
Selene vorien

Pomadasyidae
Orithcprigtis cohrusopiéra

Sparidae

Jtenoiomus 2Ary3ore
Scizenidae

Rairdiella chrysura

Cynogotion pegaitis

Leigatormus renthurug

Mentigirrkus gazatiiis

Microreozen wunduiatue

Chaetodontidae

Mugilidae
Mugii curemsz
Uranoscopidae
Astroscecpus gutbtanus
Pholidae
Phoiig sunmellus
Mmodytidae
Ammaditag
Scorbridae
Josmpar gosmbvrus

Stromateidae
Pepriiug Sriacanvhus

lined sezhorse
northern pipefish

murmmi chog

white perch
striped bass

black sea bass
bluefigh

Atlantic moonfish
lookdown

pigfish
scup (porgyl

silver perch
weakfish

spot

northern kingfish
Atlantic croaker

spotfin butterflvfish

tautog (hlackfish}
cunher

white muliet
northern stargazer
rock gunnel
Arerican sand lance
Atlantic mackerel

bhutterrish

{late summer)
{iate summer)

{larvae only}

{uncommaon)
{summer)

{uncommen !

{summer-£fall)

{Bept,~Cct. only}

(uncomeon)

{uncommon)

{summer)

{fall only)
{summer-fall)
{fall)

{fall)
(uncommen)

{uncommon)

{fall-spring!
{fall)

{uncommon)
{uncommon)
{fall)
(fall-winte!
{uncommon)

fall year)



Table l4- continued

Taxa

Conron name

Cccurrence

Gobiidae
Sehicsoma sp.

Triglidae
Pricnotue carolinus
Prisnctug spoians
Cottidae
; merioanus
aenaeus

Pleuronectidae
Paeudopieuvoneotes
americanus
Balistidae
Aluterug schoerfi
Monocanthus hiepidus
Dicdontidae
Chilomyaterus echoepfi

Tetracdontidae
Sphoerovides maoulatus

goby

northern searohin
striped searobin

s€a raven
grubby

longhbrn seculpin
shorthorn sculpin

Gulf Etrean flounder
smallmouth flounder
surmmer flounder
windowpane

winter flounder

orange fileZish
planehead filafish

striped burrfish

northern puffer

{larvae only)

{surmmer)
{summer-£fall)

{uncommon }
{summer-fall)

(fall-winter)
{uncommon)

{uncommon }
{fall)

(all year)
(all year)

{all year

(uncommon)
{uncommon }

{uncommon )

{summer)
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column) during some time of vear and at

more than one sampled station. Smith
{1976} states that,

abuses of the Hudson River estuarv, there

despite the uses aand

are more species in thece waters now than
when Henry Hudson arrived in 1609.

There have only been & handful of
reports dealing with fishes in the Lower
Breder {1922) pub=-
lished the first extensive report on the
He followsd
these up with yearly studies.{Breder,
1923, 1924, 1931,
fish species in New York Harbor
1938} .
tative detail, or are based on methods no

Bay Complex waters.
fishes in Sandy Hook Bay.

ard later described the
(Breder,
These reports either lack quanti-

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.

Cnly two recent reports deal with the
distribution and abundance of fishes in
{1976)
ducted a summer study of fish distribution
Wilk et al. {1977}

and only recent, compre-

the area. Wilk and Silverman con-
in Sandy Hook Bay.
rresent the most,
hensive study of fishes in the whcle of
the Lower Bay Complex. These two reports
and data from work in progress by the
present author form the basis for the list
of species in Table 14. The following
desceribes the seasonal occurrence and

abundance patterns based on the studies by

Croker {19%965), Wilk and Silverman (1876)
and Wilk et al. (1977).
Croker (1965 Study

Croxker {1%65) noted a gradual

inerease in the number of species of eggs
and larvae through the spring to a peak in

the summer, followed by a decline in the

fall and winter. Seven species: drguillx

of all

larvee
wrerlzanus were most tbiguitous and exhit-

ited z marked diel periodicity in

&7

abundance in surface waters.
According to Wilk et al. (1977),

sonal samples from stations in Sandy :dock

sea-
Bay {see Table 1l5--Areas I, ©, P, &, 7,
and &)} indicate higher numbers of the same
gpecies during the fall and winter months.
The total number of species in Sandy Hook
Bay appeared to be highest iu eariy fall,
when several semi-tropical species were
also recorded in warmer bay waters. The
study by Wilk and Silverman (1976} that
was conducted between July and Octeber in
Sandy Hook Bay indicates a similar trend.
Wilk and Siiverman (1376} Study
Wilk and Silverman (197§
Sandv Hook Bay into blocks 1' longituds bv
1' latitude (e.g., 25)
sampled bi-weekly in 1370 with a 9.1 m

divided

see Fig, which were

footrope otter trawl towed for 10 min at
5.6 kmeh~'.
sample pericds of seven two-day and one

Data were grouped into eight
one-day c¢ruises. Presentation of gquanti-
tative data was performed in two ways:
1} maps showing distribution (abundance}
of the more notable species within the
blocks, but averaged over the en+tire study
period or 2} tabulations indicating number
of fishes and weight per species pear sam-
these latter
data are not subdivided into sampling
blocks:

Catches in the northern half of Sandy
(blocks 1-9) contained a total of

35 species recorded during the study;

nling cruise. Unfortunately,

Heok Bav
those in the southern half, 22 species.

Only seven species nccurred in more than
The total

25% of each collection. cateh,

by both weight and number, averaged for
the pericod July to Qctober, in the north-
ern half of the Bay exceeded that of the
sartharn half (Fig. 25a,b). The greater
abundance and diversity of species in the
northern blocks are apparently related to
the deseper and cooler water found there
and the proximity to ocean waters (Wilk
1376} .

Faur specles-~-Fazudor

and Silverman,

amerisanng, Eriowmotys evalane, Jeonktazia

Mg and Frionsiug sarviinug--

Cllkhd a3,



Fig. 25. The average cateh ino.)al and weight [kghbl of all fish per 10-mun tow in Sandy Hook Ba;,a. Aher Wilk and Siiverman (1976},

B3 <1
& I-5
ALL FISH B 6.70 AbL FISH
{a) M >20 {b)

Fig. 28: The average caich (no.} of anchavy (a) and red hake {0} per 10-min tow in Sandy Hook Bay. Atter Wilk ang Silverrman (1978).
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accounted for about 68% by number and f6%
by welght of the total catch during the
survey. The 10 most abundance scercies
comprised 95% by number and about 33% by
weight ¢f the total catch. The average
abundance distributien for the 10 most
common species is shown in Fig, 26a,b,
Fig. 27a-d, and Fig. 28a-4.
Wilk et al. (1977) Study

Wilk et al. (1977} present the only

quantitative data for fish distribution

throughout the Lower Bay Complex. These

data are strictly tabulations, species
The

study represents data from 700 stations,

number and weight by station number.

encompassing the Lower Bay Complex and
offshore locations in the New York Bight,
that were sampled hetween June 1974 and
June 1%75.
was subdivided into blocks 1' longitude by
1’ latitude (Fig. 29). A number of these
blocke was randomnly selected at the begin-

Again, the Lower Bay Complex

ning of the survey and these blocks were
visited at approximately monthly inter-
vals. How many plocks they selected is
not stated, nor is a map presented showing
It shculd be

station coordinates

which blocks were selected.
noted that many cf the
reported fall on exact 1' longitude or 1°'
latitude lines so that it is difficult to
assess which block the station sample

represented. Further, nc 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-
fall in

wWEeI s

termine which bay station numbers
which blocks,
plocted by the present author and

station coordinates
grouped
subjectively into the nearest appropriate
sam-

plock. A listing of station numbers,

plinug dates, depth, number of species., and

total catsh by nuwnber and welght is com-
piled and summarized in Appendix Table 8,
The grouping of staticns into distinct
bilocks) indicated that Wilk

apperently sampled 19 blocks
297 ; the

clustering showed thau net all areas were

areas f{(i.e.,
(1977

{see Fig.

et al.

repeatedly however,

sampled monthlyv,

L

The majority of the stations was sam-
pled by an otter trawl with a2 9.1 m foot-
rope, while others {indicated with an
asterisk in Appendix Table 3] wers sam-
pled with a 24.4 m footrope Yankee %36
Both trawls were fitted with 12.7
Each
trawl was conducted for 15 minutes. At

trawl.

mm stretch mesh cod end liners,

some stations in a given sampling date,

both nets were used. Catches with the

larger net almost always yielded a greater
as well as

than the

number of species per station,
number and weight
all

cies were usually measured, except when

per species,

smaller net. specimens of each spe-
subsarples of verv large catches wers
measured. Im that case,
factor (weight of total catch/weight of
subsample] was applied.

The tabulated data presented by Wilk
et al. (1977)

determine the monthly czcurrence by num-

an expansion

were reworked and ordered to

ber and weight at each statiorn falling in
to 5 (Fig. 29) tabulated by
{Appendix Table %) in the sama
order of species listed in Table 14,

Areas 4 and

species

This data base was then resequenced to
present the monthly occurrence of species
by area, including information on number
of fishes caught per species and the
number of species caught each month in
{Table 15).

further grouped by bay.

These data are

Areas 4, 2, O, F

-3 ra

that area

A e r
L S L

Bay;

i are leocated in the Lower

o, M

and

Areas U, and ¥ are in Raritan

and 7 are

» e
Bay, and Areas I, o, F, I, 7,
in Sandy Hook Bay.

Lower Bay stations exhibited a
greater number of species and nurber of
individuals per species during the fall

months. The 10 most common species during

reziusg,

10 most

the

During winter months,

comman species in the Lower Bay werg:



Fig. 27: The average catch {no.) of spotted nake (a;. scup (), weakfish ¢, and butrerfise (d} par 10-min Low in Sandy Hoak Bay. After
Wik ang Silverman (1676).
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Fig. 2B: The average calch {no.} of northern sea robin {g), sripad sea robin (b, window pane (¢}, and winter flounder (d} per 10-min
tow in Sandy Hook Bay. After Wilk and Silverrnan (19761
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Table 15. Monthly occurrence of fish species in Lower, Raritan, and Sandy Hook
bays reported by Wilk et al. (1%77}), sublisted with station areas. Numbers are
total catch; each month totaled for 4 species; asterisk {*) indicates area not
sampled that month. Note: No December or March cruises; ** means only reported
occurrence.

LOWER BAY
Area 4 (West Bank! Months
1974 1875
Species Jun Jul Aug Sep 0Oct Nov Jan Febk Apr May Jun
Musgitelus cawis 2
Aloga sestivalia 1 43 10
dioza pseugdAcrengus 1 10 10
dlicag zapidissimg 6 - 8
Sresolrtia LLYANALS 1
Tlurez harengus harengus 3 2
Anznoa mitendlls 980 L
dariuaeiuz bilincoris 1 1
Sronhyeis ochusa 1 21
Urophyeis rectusd 2 18
dentdia manidia 1 1 14 1z
Firomampus enectus i
1
1
12 L 2
21
2 2
i
1 2 1
Sesudorliurcncatas
meriaanus 2 3 8 1 18
Total 4 species 0 6 0 4 2 7 [ * 5 11 4
Total # stations 1 1 1 1 1 1 1 * i 1 1
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Table 15 - continued
LOWER BAY
Area 5 (West Bank) Months
1974 1875
Species Jun  Jul Aug Sep Oet Nov Jan Feb Apr May Jun
Mustelus 2anis z 3 1
tlosq aestivailin 3 p
dlesa peendoharenzus 140 20
Alesz esaridissima 10 5
Brevoortia turawnnus e
Clupea Rarengus harzngus
Anchoe mitenills 1 2 192 1
Marluvecius tilinearis 46 .1
Urorhyzie ahuse 1 1 1 2 4
Jropnyaeis regius 14
Hewmidia menidig 2 5 12
Morone sazazilis 1
Fomatomus galtatpix 2
Vomer sectarinnis 1
Tynosction regalic 1 109 4
Menticirrhus saxatilis 1
Ammodytes cmericanus
Ferprilus triacanthus 2
Myoxooephalus zenaeus 2
Etropua mierostomus 1
Faralichthus dencatus 1 7 3
Caophthalmus aquosus 14 6 5
Fseudorleuronaates
amertcanus 2 1 2 1 2
Movizeanthue hispidus
Total ¢ species 4 6 6 8 6 11 g & 2 8 *
Total # stations 1 1 1 1 1 1 1 2 1 1 *
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Table 15 -

continued

LOWER BAY

Area I {(East Bank) Months
1974 1975

Species Jun Jul Aug Sep Oct Nov Jan TFeb Apr May Jun
tlpga cestivaiis 1 35
dlosa sapidliseinma 1
Erevoortia tyrannus 2
Clupea Rarenzug naPengus 5
Yerluceius bilinsaris 2
denidia menidia 6
Tautoga onitis 1
Armmodutes amerizanue 22 1
Scophéthalmus agucsue 1 1 1 6
Fseudorleurcnectecs

americanus 2 2

Total # species * * * * * 3 4 1 1 7 *
Total # stations * * * * * 1 1 1 1 1 *




Table 15 - continued

RARITAN BAY

Area o Months

1374 1975

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

Alosa aweiivalis 15 2 3
Aloar pseudoharenyus 1

Aloga sartdissimg 1

Jrevasortia tyrannul 2
o

lurea harenjus
rarengus b 1
o

a mizentlid K 17 1,428

qulis eurpgeole 50
T

Yeniila menidiz 1 . 12

yagrataud Fusous

P
Pomgtomus salrtatrix 1 1

[

Jtenotomus ehrysors
ynoseion regalla [

A
Azirogocvrusg gutltatus

MU 1 1 27 32 2

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

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

LOWER BAY
Area & Menths
1974 1375
Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun
Alcas aestivalis 1 1 1s 31
Llosa pseudcoharencus 3 17
slosaz saridigsima 1 15
Iresooriia tyranAnus 15 2 1
Clupca narengues
narengug 1 6 1
Anzhoa mitehtlll 1 659 2,046 8
Ingraulis eurpatoLls 30,307 280
Meriucetus bilincaris g
Jropnyots chuss i2
Yropnyeis rezius
a 3
1
1 86
4]
4
18 42
2
1 1
2
4 64
1 1
1
25
22 20
33 2
20 135 13
Total 3 species 2 2 1 12 29 8 3 3 3 2
Total # stations 1 1 2 2 2 1 1 1 1 1




Table 15 = ¢ontinued

Area 5 (Romer Shoal) Months

1874 1975

Jun Jul ARug Seb Oc:  Nov Jan Feb Apr May Jun

19
1 3
2
1o
1
11
20
16
Pepriius triucanithus 1
Prionctue carciinus 1
Kuczoverhglus aenaeus 1
Faralientnge dantatus 3
Feerithalmue aguosus 1 1 1 1
Ferudorleuronaoates
amerteanus 1 1 2
Total % species 1 3 3 * 2 3 6 2 2 ® 4
Total # stations 1 1 1 * 1 1 1 1 1 * 1
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Table 15 - continued

LOWER BAY
Area o Months
1974 1975
Species Jun Jul Aug Sep Qct Nov Jan Feb Apr May Jun
Mustelus canie
Alosa aestivalis 29 EE] 67
dloea rasudoharengua . 9 & 1,502
dlzez sapidissima 94 152
Ergvpoortia tyrarnug 1 3 3
Tlu urea harengus
narensus : 25
Anchoa mitenilli 29 20,044 208
Fnjraults aurystoie : 5,200
Meplucetua bilinearis 7 31
Jrevavets chuza 1 13
Jrophwets regius 3 4
Henidia menidia 344 2
Sungnathus fuscus 1 4 10
Morane sawatilis 1
Pomatomwd saliatriz . 13 1
Cunoseion rejalia 12 4
Tauroya onitis 3 2
2
4 2 2
7 48
1
5
1 32 4
1
23 8
3 [
26 71 14
1 126 133 49
Total # species * * * 5 19 18 16 * * * *
Total # stations * * * 1 3 2 3 * * * *
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Table 15 - continued

LOWER, BEAY

Area = tonths
1874 1873
Species Jun Jul Bdug E&a Ozt Now Jan Feb Apr May Jun
Huctelus oaniy
Aloea aeetipaiic & 34 7 13
flreg roewdolarenius 4 34 201 P ig
Alooa gayidiceima 62 3
Ereveoosrtia ITirannusé 6 246 1
Clurea harengus narengus 2
Anohea hepaetus 2
anehoq miteld{lll 840 8
Enzraulis cuppetolc 504
sunodus Ffocterart 1
¥erluceius Cilinearis 10 5 22 -
Urarhyets chuss 2 1 364
Yenidia menidis 1
Syngnothiue fusous 3
SHurong gmerioang*t 1
Fomgtomus 8aivairix 8 1 4
Stenotorug chreacpe
Cimoaceon ra 9 1 & g
uutoga onttic i
Astrogaerus gutiatus 1
Pholis gunnellus 11
Feprilus trizeanthus 3
Frionctug carclinusg
Myozveerhalug 2enaeus 26
Eiropue micrortonmus i
Farglizhthss denzatus 8 1 3 1 1
Seorhthalmus aquotus 1 9 11
Peeudorieupronestss
IMEPL2ANNE 21 7 14 1 59
Mongeanthze hispidue 1
Total ¢ species * 11 5 12 10 6 * 4 17 *
* 2 1 1 1 2 * 1 3 *

Total # stations
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Table 15 = continued

SANDY HOOK BAY

Area T Months
1974 1975
Species Jun Jul Aug Sep Oct Nov Jan Feb Apr Mavy Jun
Sgqualis avanthia 3
Jonger gceantlusd 1
<lopa aestivaiis o l,1792 367 2 9
Alcsa medisepigt? 2
Aloza pseudoharengus 3zg 24 23 15
Adlosg esapidizsimsg 7 29 55
Erevoortia tyrannus 40 ] 1 32 4
Tluzex harengus .
harenaus 74
Anehoa mitekilli 3,232 1,920 30
Trgraulis eurustols 152 312 1
Yeriucaius vilincaria 689 55 15 7
Urophzeis chuse 42 1 6 135
rephsete regius
Yenidic menidia i
Mivpocampus ersotys 1
Sumgnatnus Fuscua 2
Morone sazariiis 1 1
Fomatonus gaitatriz 5 79 B
Tomer setirivnags
Jtenctorus zhrieops 1 42
Fairdiella carisura 1
Cuncgeion resaiia 369 & 29
leftostomus Tantiurus 14
Hlavsragen wndulitus 1
Tzutoza onitis 3
Seomber goombrpngtd
Ferrilus trigoanthus 91 49 20 1
Spigwnotud evolans 1
Muozoagrhalus aenieus 3
Leropud microstomuy 1 11
Farailioathes doenitasus 12 g 1
SrochrAalinus cucsusd 10 1 2 112 29 6
rfeggudopicurcnecias
Amgrizanusg 42 8 2 131 414 4
Total ¥ species 20 * * 15 11 17 10 * * 13 *
Total # stations 4 * * 3 1 2 2 * * 2 *
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Table 15 - continued

LOWER EBALY

Area o Months
1374 1875

Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun
Muetelus eawis 12 .
Alosa aqestivalis ‘ 300 1 22 1
Alosa paecudohnarensus 40 1 2
Aloea sapidigsima 7 1
Erevocriia itirannus 4
Anchog mitenille 104 1 26
Engrawlis eurystols 12
Merluooduz hildnecrtsz 3 8
Uropnyete chuse 1 23
Menidiag menidiag 5
Horcne earatills 8
Pomatorius saltatrix 3 1 1
Stencivmus chrusops 1
Cunogeton regalia 1 3 1 2
Tautoge ~nitis 3
Tautogolebrus adercrsus 1
Pappilus trigeantiuve 11 2
Frionotus carolinue 1
¥yoxuoerhalue aenceus 1 2
Myozoecephalus

oatodecemEpinosus 2
Paralickthys dentatus
Scophthalmus aguocus 3 3 3
Pzeudopleurcnectes -
americanue 11 4 ? 3 2

Total +# species 14 3 2 * 4 9 3 7 8 *
Total # stations 2 1 1 * 1 1 1 2 1 *

g2



Table 15 - continued

LOWER BAY

Area K (Flynns Knoll)

Species

Months

1974

1975

Jun Jul Aug

Sep Oct Nov

Jan

Feb

Apr May Jun

Hustaius cania

Aloga rpseudonarengus
Alosa sapidissima

Clurea harengus harengus
Anghog mitehilld
Fngraulis eurystole
Herlucetius bilinearis
Urophyoeia ehuss

Upophyeis regius

Esmatomusg saltatric
Jtencitamud ohryso

Cynoagoeion regalis
Hentiocirrius sarati

Irmodytes americanys

76

64

15

i

29

3

28

Total # species

Total # stations

B3



Table 15 -~ continued
RARITAN BhY
Area @ Months
1974 1975
Species Jun Jul Aug ESep O0Oct Nov Jan Feb Apr May Jun
dicsa aestivalis 1 70 2 1
alovsa reseudoharengue B 3 1 1 3
Slcsa saridisaimag 1
frevoeortia twraniue 3 1 1
Clupea harengus nareniue 1 g
Anatiog mitehiilsd 13 228 4
Engraulis eurystole 23
Meriuceius Lilinearis 1 6
Unophieis onuce 3%
Hippocamyus épectug 1
Tunogeion regailis 1 2
Haenticirraue saxatiiie 3
Feprilus trigeanthus 2 &
Seophthalrue aquesus 1 1
Fgeudopicurcnestes
amerioanus 2 i€ 3
Total ¢ species o * 3 5 2 4 2 4 3 a 2
Total % stations 1 * 1 1 1 1 1 1 1 1 1
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Table 13 - continued

RARITAN BAY

Area M

Species

Months

1974

1374

Jun Jul BAug

Sep 0Oct Nov

Jan Feb Apr May Jun

Alosa zestivalis
Alesa vseudoharengus
dlosa saridizzima
Zrevoortia turanknus

Slurea harengug harengus

15

2
7
2
1

97
21 13

11§ 4

13 1 3

Total # species

Total # stations

85



Takle 15 - continued

RARITAN BARY

Ares ¥

Species

Months

1974

1975

Jun Jul Ang

ser

Gct

Nov

Jan Feb Apr May

Alosa aegtivalies
4dlcaa peseundoharengus
Aicaa sapidiscima
Erevoortia tyrannus
Arichoc mitahill{
Engraulis eurpstole
Meriueatus bilinearie
Uronhyaie ahse
Uronhyeis rezius
Urorhuycis tenuis
Syngnathus fuecus
Pomatomus saltgrriz

Cynoseion regaiis

Memtieirrkues saxratiliic

Feprilug triacanthus
FPergliehthys dentatus
Secopnthalmus agluosus

Fseudopienroneoces
americanus

A3

[

(= T -]

124
24

20

10

Total # species

Total # stations

86



Table 15 - continued

SANDY HOOK BAY

Area ¢ ) Months
7 1974 1975
Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun
Mustelus cants 3l
Alosa wvestivalis - 1 1

Alosa pseudoharengus

Alesa sapidissima ' 7 13

Brevoortic tyrannusg 2 2 4

Clupea harengus harengus

Anchog miteatlli 1 44 22

Engraulis eurystole 480

1yeis chuss

regius 1 6 3
o] tenuie ' 33

Manidia menidiz 2 2

Marone zazatilis 1

Jentropriatia gtriata 1

Fomatomus sgltatrix 1

Yomer gevapiunnis

Stenotowus chrysaps

Cyneazdion pezaiis 13 13 3 1

Perriluz triceantnus

=,

Meszoocphalus aengeny 1
Ftrorue microstomnuad 2
Fapaltohrhys dentatus 10 1 6
Seophthalmus aguosus 1 3
nactaz
21 1 2 2 5 3
Total # species 1 11 2 g 4 9 4 * £ * 9
Total # stations 1 3 1 1 1 1 1 * * * 1
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Table 15 - rtontinued

SANDY HOOK BAY

Area F Months
1974 1975

Species Jun Jul Aug Sep Oct lov Jan Feb Apr May Jun
Fajda erinccec*? 106
CONgeEr Oceanicous 1
Alosa agativalie 138 26 31 1
Alcga rpeeudoharengus 3 19 111
4dloea gapidisatma 13 80 12 1
Brevoortia tyrannuc 11 7 15 1
Clupea harengus harengusg 3 24
Anchoa mitehilid 31 58
Lophius americanus** 1
Merlucciue bilinearie 28 1 10
Uvorhyeis chuss 1 25
lirophycia regius 6
Urophyeis tenuis
Menidia menjdia 17 3 1 78
Syngnathus fuscua
Centropristis striata 1
Stenotomus chrusoras 1 1
Bairndieila chrysura 5 3
Cyrnoscion regalts 2 i 61 75
Leioatomue zanthurus 3
Micropogon wndulatue i
Tautoga onitis 1 1 1
Astroscopus guttatus 1
Peprilue triacanthus ' 1 4 8
Frionotus evclane 2 1
Etropue mierostomus 1 54
Faralichtiys dentatus 12 3 2
Soeaphthalmus aguosnsg 37 72 1 9
Fseudorleuronectee

americanud 23 70 112 8 20

Total # species * 6 3 * 13 18 3 7 3 ] 11
Total # stations * 1 1 * 2 2 1 1 1 i1 1
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Table 15 - continued

SANDY HOOEK BAY

area

Species

Months

1974

1975

Jul Aug Sep Oct Nov ~ Jan Feb Apr

Mav

Jun

Conger oceanicus
Alosa aestivalis
Alosa pseudoharengus
Alosa sapidissima
Brevsovrtia tyranrus
Tlupea harengus harengus
Anchoca hepsetus
Anehoa mitehillt
Merluccius bilinzaris
Yrophyeis chuss
Yrophyets regius

Menidia menidia

L

ungnataus fuscus
Fomatomus faltatrix
Stenotomus chryeons
Cynoscion regalis
Ferrilus triasanthus
Irionotus evolans
Earalichthys dentatus
Scophthalmue agucaus

Pgeudopleurongeties
amerioanusa

4l
28 20

12

1

7
14

12
34

22

Total # species

Total # stations

8¢



Table 15 - continued

SANDY HOOE BAY

Area A Months
1974 1975
Species Jun Jul Aug SZep Oct Nov Jan Feb Apr Mav Jun
Mustelug ecanies 1
Alosa sapidiceims 1 50
Brevoortia lyrannus
Anckea mitehilld 164 144 4
Enzpauliz curystoele 2
Kerluczius Dilinearic 10 6
Urophyeie c2huea 106
irorhyeis regius 20
Menidia menidiag 1
Fomatemus saltatriz 10 4
Stenotomus chrysops 15
Cynosaion regslis 7 38 1 5
Lelogtomus renthurus 1
MHugtl curema*”*
Pepriius trigeanthus 10 1
Frionctus carcliinue
Prionctus evelans 44 5 1
Liropus microstomus 1 4
Farciichthye Jentatus 12 1 1
Cecphthalmus aguosus 3 41 e
Fseudep leuronectes
amert *anus 2 16 19 35 49 7
. Total # species 6 10 3 8 6 g 1 * * 4 *
Total % stations i i 1 2 H 1 1 * * 1 *
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Table 15 - continued

SANDY HOQOK BAY

Area 5 . Menths
1974 1975

Species Jun Jul Aug Sep Oct Nov Jan Feb Apr May Jun
Aloga aestivalis ~ 10 10
Alosa pseudoharengus _ 1 21
Aloeaae sartdiasima 25
Brevooptia tyrannus 1 1 1
Clupea harengus harengus 10 1
Anchoa mitchilli 35 2
fngraults eurystole 3
Marlucoius bilinearis 1 2
Urophyeils ochusa 50
Crophyais rejius 1
Yenmidia menidia : 6 3 3

Hirroeamrus erectusd

Fomatomus saitatriz

Tunoecton regalis 1
Tautoga onitis

Prionctus grolans

Papalicsnthys dentatusz

Seopathalmus aquosus 7 1
Fzeudorieurcnecves

americanug 10 35 3 9
Total 4 species * 4 5 * 4 3 7 * 2 8 *
Total # stations * 1 1 * 1 1 1 * 1 1 *

2L



»

Alosa peeudohzrengus, 4. acgrivalis, .
sapidiesing, Prevosrtic turannus, Tlupoa
Aavengus harengus, Merluecius biiinearis,

Yrephpole chuss, U. regius, Ammodytes
arericanuws, and Feeudopleurscreetes ameri-
anerioarus

¢anua, The winter flounder F.

was mostly found in Area 5 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 spe-
c¢ies. The eight most common species
encountered are: Alosa agestivalie, 4.

peeudoharengus, Urophycie ehuss, U. regiue,
¥enidiz menidia, Faralichthye dentctue,
Szcphthalmue aquosus, and Pseudopleuro-
nertes americcnus.

Raritan Bay stations generally
vielded fewer numbers of species and indi-
viduals per species. Similar patterns of
seasonal abundance of the species
described above for the Lower Bay were
noted in Raritan Bay. Area I in Raritan
Bay exhibited the fewest number and
species of fishes in the study.

Sandy Hook Bay stations sampled by
Wilk et al. (1977}

most areas in tha Lower Bay.

were as productive as
The numbers
cf species and individuals per species in
rorthern blocks (numbered 1-9 in Fig, 29)
£ the Bay were higher than in southern
described
the

were simi-~

blocks, similar to the pattern
{1876) .
patterns of seasonal abundance-

by Wilk and Silverman Again,

lar o that noted in the Lower Bay. Sandy
Hock Bay appe=ars to be an important haven
for some semi-tropical species, including
Chgetodon

Vemew seiapinnis, Felene vomer,

ceellatue, and Eippoeampus erzetus.

ASSESSING THE BIQLOGICAL EFFECTS
OF SAND MINING

Introduciion
The effects of sand mining in the

Lower Bay Complex must be addressed rrom
physical, chemical, geological, and

92

biclegical viewpoints. It has already
ween ncted that several physical and chem-
rcal effects can be predicted for the

creation of mining holes in the Bay bot-

tom (Swartz and Brinkhuis, 1978; Wong and
Wilgon, 1979). 1In selecting mining sites,
one must first locate sources of suitable

then, for each such site,
address a range of potential physical,
effects, It is diffi-

cult, indeed almost impossible, to

material;

biclogical, etc.
determine which of these effects has the

most significance. However, we must know
what the biolegical community consists of
at the candidate site since the first
tic¢logiaal effect is outright removal of
Thus,

vestable organism, or species, important

any penthic inhabitants. if a har-
to the survival of others,occurs in the
area, it may not be desirable to exploit
On

the other hand, if no important species,

the sand resource at that location.
or low numbers 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, or create potential
shore erosion problems?

As important as these effects may be,
one must also consider the biclogical
rffects 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
wz2ll documented that suspended sediments
Each

species has its own tclerance limit to

arfect a wide range of organisms.

certain concentrations of suspended sedi-
ment. The specific effects include the
ciogeing of gills and interfering with
respiratory gas exchanges as well as

rhysical damage to hiological membranes
(the description of specific effects in
various species will be dealt with later).

To avaluate these potential effects,

wa must be able to predict the range and

extent of suspended sediment



concentrations, and then relate the struc-
ture and pattern of the plume to known
organism distribution patterns. O0f course,
if organism distribution at and near the
candidate site is not known, cone must con-
duct field surveys to determine organism
abundance and distripution.

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
& variety of conditions, and”%inally 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 examinéd for each species that

may be important.
The Mining Scenario

Sand mining coperations 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 expleiting
the Bay's sand resource, it has been de-
termined that most operators intend to use
a bucket-ladder dredge or clam-shell
dredge (Sanko, personal communication).
Hydraulic suction dredges will probably
not be used, primarily because 1) they
reguire water deeper than exists in po-
tential mining sites and 2) the loading
capacity per unit time of these dredges
far exceeds the capacity to screen sands
to obtain the desired material. Most of
the deposits would probably have to be
screened to obtain certain sand mixtures
as per Department of Transportation (DOT)
specifications. The extent of surface
deposits showing c¢oarse grained material
that could be used as is, with little or
no screening (see Table 3}, is small and
it is not certain that the ¢oarser material
persists with depth in the deposit.

It would be most economical to pro-
cess mined sand at or near the site of

remaval. 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 vicinity of 01ld 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 014 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 Frav
{1979) indicate that these deposits
probably extend to a depth of approximate-
ly 10 m.

In a typical mining scenario, a
clam-shell or bucket-ladder dredge wculd
load material into a number of 1,000 to
1,200 yd® barges. These barges are nor-
mally loaded to 3/4 capacity, or in metric
equivalent, to 508 to 700 m® of material.
Assuming a mean densgity of 1.5 for a sand/
water mixture with a fine to medium grain
size {berner, 1972}, the material in cne
barge load will weigh 750 to 1,050 metric
tong of which approximatelv 60% is sand.
The material lcocaded intoc the dredge barye
may then be pumped into an adjacent barge,
over appreopriate screens. Undesirably
sized material will be washed overboard.
Interviews with mining companies, con-
ducted by Sanko (personal communication),
indicate that a maximum probable process-
ing rate is of the order 136 metric tons
{150 tons) per hour. Beszt estimates
indicate the screening operation requires
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; 1 gal = 3.7854
liters}., It is estimated that in a weret
ease situation, the screening operation
will dispose of 3%% of the hourly intake



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

Mortar Sand

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

When dry, mortar sand shall meet the following gradation

requirements:
Sieve Size ¥ Passing by Mass
¥4 16.00 mm 100
#8 2.83 mm 95-100
#50 .30 mm 16-40
$100 .249 mm 0-13

In addition, aggregate must meet standards for organic
impurities.

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

states:

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

Sieve Size % Passing by Mass
#16 1.1% mm 100

$100 .145 mm 0~10Q

$230 .062 mm 0-6

Since we did not use a #16 sieve, in the following table
sand is considered acceptable if greater than 99% passes
the 418 (1 mm) sieve. 1In addition, aggregate must meet
standarde for organic impurities.

Cushion Sand
N.Y. State Department of Transportation Specification 703-086
states:

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

Sieve Size % Passing by Mags
Minimum Maximum
3/8 inch 100
#4 210 log~
#B 75 100
$i6 S0 85
#30 25 60
#50 10 30
#100 1 10
#200 3 3

Concrete sand must also meet requirements for organic impurities.
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Table 16 - continued

Mineral Filler

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

states:

Mineral filler used in bituminous conerete mixtures shall meet
the following gradation reguirements:

Sigve Size % Passing by Mass
#30 .59 mm 1300

¢80 .177 mm 85-100
#200 074 mm 65100

Blasting Sand
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 S5ize $ Retained by Mass
G-1 G=2

#12 1.63 mm 0 60-85
#16 1.19 mm 15-30 20~35
$#20 .84 mm 20-30 0-10
$30 .59 mm 25-35

#4090 .42 mm 10-240
pan 0-10

Reference: 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
C0ffice of General Services.

Fill Sand for Readways

A. Select Subgrade: N.Y¥. State Department of Transportation
Specification 203-2.01 states:

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

B. Select Borrow and 3elect Fill
1. For underwater placement:

Sieve Size % Passing
$200 .074 mm 10
2. For above water placement:
Sieve Size % Passing
6 inches 100
4200 .074 mm 15



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 filtey sand if less
than 2% was retained on the 2 mm (#10) sieve. For determining the
acceptability and uniformity of filtration sand, "effective grain
size" and "uniformity" coefficients are used. The effective grain
size is the 10th percentile measured in mm:

Effective Grain Size = Mm

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

Mm, ¢

U =
Mm; g
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as fine material. This estimate is based
on reports of maximum % sediment mass less
than 0.149 mm in size reported in samples
from Kastens et al. {1978}. fThe cut-off
size of 0.149 mm 1s used because larger
material would meet most of the DOT speci-
fications for a variety of sand uses (see
Table 16} . In other words, 35% of 135
metric tons will be discharged per hour.

=! of sediment

This eguates to 12.23 kg-s
discharge. The use of a clam7shell or
bucket-ladder dredge will not result in
any large amounts of suspended sediment
while material is brought to the surface,
so we need only concern ourselves with the
mags discharge resulting from processing.
Usinyg 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 applv-
ing the suspended sediment plume model
prepared by Wilson (197%).

Prediction of Sediment Plumes
The model developed by Wilson (1379)
is designed to describe the extent and

structure of suspended sediment plumes
produced by open-water pipeline disposal
of dredged material in shallow waters.
This model may also be used to model
plumes resulting from a continusus source
of suspended sediments, i.e., a screening
operation of mined sediments that results
in overboard disposal. The resulting
plume will exist for the duration of one-
half the tidal cycle, because, when the
tidal flow reverses, the plume will disin-
tegrate (Schubel et al., 1978; Wilson,
1379%) . Nomographs preparéd by Wilson
{1979) can be used to predict suspended
sediment concentrations along the center-
line of the plume. The predictions made
by the model only relate to vertically
averaged concentrations in a steady and
spatially uniform ambient flow field. A
complete description of the model is pre-
gented by Wilson (1979).

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

in the vicinity of 0ld Orchard Sheoal, As inputs to the model, we require the fellowing

information:

1. w = diffusion velodity = 1 cm-s estimated by Okubo (1962, 1971}

2. W = settling velocity of sediment 1 x 107% cmes~!: estimated by Schubel
{personal communication}

3. 2 = average thickness of water column containing suspended sediment. In
shallow water < 8 m deep, this is approximately 1/2 the water depth
(Schubel et al,, 1978). Water depth near 014 Crchard Shoal is = 7 m, so,
2= 3.5 m

4. = = maximum plume age = (0.5) (tidal period) = (0.5)(12.42 h) [Swanson, 1976,

for Lower Bay] = 6.21 h

5. ¥ = ratio of plume age to settling time = Wt/D

= (1 % 10-* m-s7') (6.21 n) (3600 s-h~')/(3.5 m) = 0.64
6. = tidal current amplitude = (mean tidal current speed} (2/7)
= {50 em-s~')(2/") = 31.83 cm-s”':; current speed data from Dovle and

Wilson (1978}



8. = water volume discharge rate = 153,300 yal-h~' =

or 1.577 = 10% l.s™ "'

licm-s= ) ({31.83 em-gs=!) = 0.

03

1.577 = 10! mi.s"?,

see previous discussion in Yircvz Zeenaric

9. 5 = mass discharge rate at source = 13.23 hg-s~%, or 1.323 » 10 mg-s~!:
see previous discussion in Niwning Sconards

10. 7, = voncentration of suspended sediment at source = /¢ = (1.323 x 107 mgrs=')/
(1.577 » 10¢ 1-s-') = 8,29 » 10" mg-1~!

11. = = distance measured along centerlinas of plume, The plume front is at a
distance 1/2 the tidal period, or z*ut. Converting u to 3.183 x 10~% m.g-°
and ¢ to 2.24 %x 10" g, the front is 7.828 % 10° m, or 7.8 km downstream

12. «* = non-dimensional, or normalized distance measured along the plume center-
line. It is a function of z-/ué. The point at which the sediment
concentration falls to near zero (107") is where uw/w (here = 0.03) crosses
the abscissa in Wilson's Figure la, cr 1.1

We now have enough information to ap- (7Y (1 ~ 107" m-8~') (3.5 m}*

»ly the plume model, uging the nomographs
11879).
available, without the extra expense of

prepared by Wilson The nomographs
generating a separate solution for vy =
0.1, 1. We will

caleculate concentrations of suspended sed-

0.64, include only v =

iment at a number of distances, z*, along
the plume centerline for these two gamma
values, and interpolate between them to
0.64.

First, we must determine the value of

arrive at concentrations for y =

the normalized centerline concentration at
7Y, w/u,e YY), 3 x 1p™?
This may be determined from
Wilson's Figure 1ld. For the first case,
(1, w/u, 0.1) = 2.5 x 10~? while in the
second case, G'1, w/u, 1) = 9.8 x 10=°,
The concentraticn, ¢, at any normal-

r* =1, for w/u =

and v = 0.1.

ized distance =* along the centerline may
be described by:

o= (CQJ(Q} [Glz*, w/u, v}/
S{L. w/u, VITIF(l, w/u, y)1wuwiDt

where nu?pr is used to nondimensionalize

the flux of water, &, and has the value
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(6,21 h) {3600 s-h™'} = 24.58. For

S{l, w/u, 0.1} = 2.5 x 1077,
¢, =8.3% » 10" mg-1™'; and
g = 1.577 = 107, m¥.s"¢,
o= 13.46 [5(x*, w/u, 0.1)/
G{1l, w/w, 0.1}]
and for
G{l, wlfu, 1} = 9.8 = 107°
Co= 5,28 [Zxt, w/w, L)/2(L, w/u, 1]

Using these values, we can proceed to
W/, YY/G{L, w/u,
each value of r* we are interested in by

evaluate I(z*, vy for
using the nomograph in Wilson's Figure la
(v = 0.1) and Figure lb (y = 1}, ard cal-
culate O at each »* along the cenrterline
of the plume. These calculations are
snown in Table 17.

To arrive at approximate concentra-

tion values for vy = 0.64 in a2 7 m water
column, we can linearly interpolate con-
centration values at v = 0.1 and v+ = 1.0.

These values are presented in Table 19,

To estimate the maximum width of the plume
at gach value of &%, we can divide by 10
These

(Carter, personal communication).



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 w/u of 0.03
corresponding to average depths and an ebb

! over the

current amplitude of 0.5 m-s™
0ld Orchard Shoal deposits.

of the plume over this area on the ebbing

Superposition
tide is shown in Figure 30. It makes scme
sense to create plumes only on ebbing
tides, because on incoming tides a plume
7.87 km long might extend well intc New
York Harbor or western Raritan Bay. On
the ebbing tide,

be transported in the direction ocut of the

suspended material would
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.
and Wilson

current flow data from Doyle
{1%78)
rents near Ambrose Channel flow southeast.

indicate that the cur-

The flow leaving 0Old Orchard Sheal is
deflected by the shallow Romer Shoal, and
most of this water exits via the Swash
Channel. 30 situates
the latter half of the plume to the west of

The depiction in Fig,
Romer Shoal, over the Swash Channel.
0f course, the model can nct predict
whare the material will actually £all 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.
rRemember, the model only predicts plumes
resulting from suspension of sediments.
About 99% of the mass discharged at the
sourca falls to the bottom near the source
{Schubel et al., 1978).

We ¢an make calculations for plumes
that may be created by mining on the East

Banx Ssite. 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) resulting in an 0.02,

and a »~ = 0.80. The nomograph values for

S =
T

(- =
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YI/E (L, Wi, ) 0.1, 1
for the East Bank are shown in Table 18.

Tlae®, w/u, at y =
We will again linearly interpolate between
calculated concentrations at vy = 0.1, 1
values to approximate concentrations at
y = 0.8 (Table 1%).
evaluate the normalizing term mw?Dz

Remember, we must re-
because the depth has been changed to 5 m.
Its value for the current case is 17.56,
The structure and shape of the piume aré
shown in Figure 30,

The situations modelled thus far rep-
resent worser cascs 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 mecre dense
within all areas of the plume. In model-
ling a processing plume on the East Bank,
we assumed that 235% of the material mined
Sediments in this area
are usually medium sized. At most,
bly only 15% of the mined material might
For the

would be disposed.
proba-

be discharged back to the water.
0ld ¢rchard Shoal site,
discharge rates may also be lower,

actual sediment

Let us examine one more case on the
East Bank, again on ebbing tides, at a
The
following parameters applv as a result of
the

reduced overboard discharge rate.

a reduced processing discharge (15% of

mass mined) on the East Bank:

g = 11.02 kg.s™!

e} = 1.577 = lo*!' m’.s™"'

w/u = 0,02

¥ = (.80

¢ = 3/9 = 6,987 x 10" mgr17!

Note that only g and £ are affected.
We can still use the values for y =

0.1, 1, etc. as presented in Table 18.

New calculations of ¢ at each x* 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 of the new plume are shown in

Figure 31.



Table 17. West Bark (01ld Orchard shoal) nomograph values
of =%, w/u, ¥}/ 1, w/u, ¥v) at distances =* down the
centerline of the plume (from Wilson, 1979: Fig. la and 1b}
converted to average vertical concentrations, &, ina 7 m
deep water column.

For v = 0.1; w/i = 0.03; front distance z = 7.83 » 10°m:
SL1F = 2.5 = 107%; 7 = (15.46) 3 {x%)/5:1)
Distance
from
JHe*y /511 x* source {m) Cimg-17*%)
= 220 0.01 78 2,961
= 48 0.05 391 646
24 0.1 783 323
4.8 0.5 3,914 65
1 1.0 7,828 14
10~ 1.1 8,611 =

For vy = 1.0; w/u = 0,03; front distance z = 7,87 = 10°%;

S{l) = 9.8 = 1077%; ¢ = (5.2Bic(z*) /500y
= 530 0.01 78 2,798
= 1006 0.03 331 528
48 . 0.1 783 ’ 253
6.3 0.5 3,914 33
i . 1.0 7,828 5
10-" 1.1 8,611 =0
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Table 18. East Bank nomograph values of S{r*, w/u, ¥)/
(1, w/u, vy} at distances x* down the centerline of the

plume (from Wilson, 1979; Fig. la and 1lb},

converted to

concentrations, £, in a 5 m deep water column.

front distance x

For v = 0.1; w/u = 0.02;
C = (12.75)G{z*}/5(1})

7(1) = 1.7..x 1077,

1.1 x 107" m:

Distance
from source
G{x*) /G{L) r* (m) ¢{mg-17")
= 220 0.01 110 2,805
= 48 0.05 550 612
24 0.1 1,100 106
4.8 0.5 | 3,500 51
1 "1.0 11,000 13
10" 1.1 12,100 = 0
For vy = 1.0; w/u = 0.02; front distance = 1.1 x 10" m;
(1) = 6.8 x 1077 ¢ = (5.12)C(z*y/7(L)
= 530 0.01 110 2,714
100 0.05 550 512
48 0.1 1,100 2456
6.3 0.5 5,500 12
1 1.0 11,000 5
10~ 1.1 12,100 =0
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Table 19. Interpolated, vertically averaged sediment concen~
trations (J) at various distances (z*) down the plume
centerline interpolated from Table 17 and Table 18.

For water 7 m deep, v = 0,64 (014 Orchard Shoal)

Distance Max .
from source plume width
2 {m) Simg-1"1) (m)
0.01 78 2,857 g
0.05 391 579 3¢
0.1 _ 783 267 78
0.5 3,914 45 o381
1.0 7,828 8 783
1.1 8,611 = g6l

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

0.01 110 2,732 11
0.0% 550 532 . 55
0.1 1,100 258 110
0.5 5,500 38 550
1.0 11,000 7 1,100
1.1 12,100 =0 1,210
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Fig. 3¢: Projocted axceas suspended sediment concentrations {mg.1") in plurnes gengrated at Old Orgnard Shoal and East Bank
sites with a mass input of 13.23 kg.a™". Current vactors (from Doyle and Wilson, 1979) are shown for intermediate water depths.

EAST BANK

lem=1200m
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Fig. 31: Proiected excess suspended sediment concentratinns ime 1% in a plume gengrated at the Eest Bank site with a mass in-
put of 11.02 kg.s". Gurrént vectors (from Doyle and Wilson. 1979} are shawn for intarmediate water depths.

EAST BANK
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Table 20. East Bank nomograph concentra-
tion values (¢) at distances r for a
processing plume with a sediment discharge
rate of 11.02 kg-s~*' and C, = 6.987

6.987 * 10* mg-1-!, All other conditions
identical to those in Table 18.

For v = 0.1; ¢ = {(10.62}G{x*)/5(1)

Distance
from source
(m} ctmg-1=*)
110 2,336
550 510
1,100 255
5,500 51
11,000 7
12,100 x 8
For v = 1; € = (4.2686}5{z*)/G(1)
100 2,258
550 428
1,100 204
5,500 27
11,000 4
12,100 = 0
Table 21, East Bank interpolated, verti-

caliy averaged sediment concentrations ()
at various distances down the plume
centerline interpclated from Table 20.

For v = 0.8
Distance Max.
from socurce plume width
(m) ¢lmg.171) {m)
110 2,274 11
550 577 55
1,100 296 1i0
5,500 32 550
11,000 5 1,100
12,100 = 0 1,210
1f, in each of the preceding cases,

we had wished to determine the distance
aleng the plume centerline at which the
excess suspended sediment concentration
fell to a certain level, e.g., 50 mg-17%,
wa could go back to the nomographs for
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v o= 0.1, Enter

the nomograph in Wilson's Figure 1ld for

1 and the appropriate w/u.
each ¥ with the value of w/u. Proceed up
the curve for the value of y and obtain
¥
the value of the con-
1. To find the value

that concentration in

the concentration [Z(l, w/u, at unit

distance., This is
centration when z* =
of (1, w/u,

physical units, we

T} at
must know the scale

factor used to nendimensionalize the graph.
it was g/ (Twépt). Thus,
in Table 17 at v = 0.1 the scale factor is

for conditions

c = 1.323 < 107 mgrs~?
{1l cm®+5"2) (350 cm) {6.21 h} {3600 s-h~%)
= 1,346 mg-cm—®

at z = 1, {1, w/u, y) equals the concen-
tration at unit distance (2.5 x 107% at

Yy = 0.1}
in a concentration of 134.6 mg-1""'.

times the gcale factor, regulting
To
find the distance at which specific con-
centration occurs, e.¢., S0 mg-1"', we
enter the ordinate of Wilson's Figure la
{y = 0.1) at the value of the ratio

of 50/134.6
curve for the appropriate w/u and then
down to the abscissa to find the normal-

{= 3.7 %= 10~!) move across the

ized value of x*. Once again, we must

determine the scale factor of z, which was
T = ut. this value
is (3}1.83 em-s”™')(6.21 h) {3600 s.h"!) or
7.12 km.
the abscissa value of z*

7.0% km, Thusg, for vy = 0.1;

In the first example,

Multiply this scale factor times
{= 0.99) to get
w/w = 0,03, a

50 mg+1~' concentration would occur 7.0%5 km
downstream,
Tables 22, 23, and 24 show, for each

of the circumstances presented in Tables

17, 18, the expected dis-
tances concentrations of 50, 100,
500 my-1~' at y = 0,1, 1. At the bottom
»>f each table is the linearly interpolate

20, respectively,
and

value for the appropriate v in each case,
The isopleths for 50, 100, and 500 mg-l~!
are also shown in each of the Figures, 30
and 31.

The preceding cases were used to
and

demonstrate the extent, shape,



Table 22. The distance at which 50, 190, and 500 mg:1”' isopleths
oceur, and the width of the plume, ¢n the 014 Orchard Shoal for

Yy = 0.1, 1 and interpolated for v = 0.64. {aj v = 6,1; (b} v = 1
w/u = 0.03 and ¢ = 13.23 kg-s™'; x, = 7.12 ¥km,

50 100 500
Concentration () a by a b a b
5{Y, w/u, v1/¢ 0.37 9.459 C.74 19.00 3.70 94.90
x* 0.99% 0.40 .98 0.23 0.60 0.05

bistance from source (m) 7,043 2,848 6,974 1,637 4,270 355

Interpolating for v = 0.64

30 100 500
x (m} 4,360 3,558 1,764
Plume width (m) 436 356 17¢

Table 23. The distance at which 30, 100, and 500 mg-1~' isopleths
cccur, and the width of the plume, on the Bast Bank for v = 0.1, 1
and interpclated for v = 0.80. {a) vy = 0.1; (b) v = 1 w/mw = 0.2
and ¢ = 13.23 kg*s~'; z, = 9.963 km.

50 100G 500
Concentration (£} a L - a b a b
G, wlu, YI/C 3.91 9.80 7.81 19.60 39,)0 98,00
x* 0.61 0.40 0.33 0.23 0.086 0.05

Distance from aource (1) 6,077 3,983 3,298 2,291 . 598 498

Interpolating for v = 0.80:

50 100 500
z {m) 4,403 2.499" 518
Plume width (mi 440 249 52
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Table 24. The distance at which 50, 100, and 500 mg-1~! isopleths
occur, and the width of the plume, on the East bank, for y = 01, 1
and interpolated for v = .80, f{a) v = 0l1.1; (b) v = 1; w/u = 8.02
and ¢ = 11.02 kg-8™'; z; = 9.963 kn.

50 100 500
Concentration {C) @ b a b a b
iy, w/u, Y)/C 4.6% 11.68 9.37 231.36 46.90 116.80
x* ) g.50 0.38 0.23 0.22 0.05 0.05
Distance from source (m) 4,981 23,786 2,291 2,192 498 498
Interpolating for vy = 0.80:

50 100 500
z (m) 4,025 2,212 498
Plume width (m} 403 221 50
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ure of sxececs suspended sediment
resulting from the vrocessing of
We

sediments at or near the mining site.

selected a number of variables from the
literature regarding tidal current veloci-
ties and directions,
depth,

These selected values are probably real-

plume age, water

sediment settling velocity, etc.

iztic, and we explored a range of these
variables tc see how they influence the
structure and shape of the plume.

Since the tidal current velocities in
the Lower Bay Complex are high, all plumes
Schubel et al. (1978)
described plumes in shallower embayments

are long ang narrow.

with 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. In 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 plume because of the high
current speeds.

The cne variakle that is most sus-
ie the estimated

pect, ¢r least accurate,

source term, g. The variable ¢ is the

most important cne in determining actual
concentrations of sediments at distances
We have

in the plume. relied on proc-

essing rates estimated by individuals in
the industry, and then concluded that in

werst ocages the amount of material dis-
posed is 15 to 35% of the sediment

harvested. 1ln certain locations, this
discharge may be lower because sediments
are not so fine. There are no hard data
available on actual processing and dis-
charge rates of mined marine deposits with
the sediment
In

guoted are principally for land-based

character of the Lower Bay
Complex. fact, the processing rates
operations, and these estimates are proba-
bly higher than those attainakle at sea.
Nonetheless, by assuming wors? casee we
can be certain that we have covered at

least the most drastic circumstances.
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Farther, it is impeortant to note that
tne model predictions along the plume
centerline are verticallv averaged values,
and the assumption is made that the water
coiumn is homogenecus. Data collected Dv
(1978;

the water column chemistry in the two pro-

Swartz and Brinkhuis indicate that
posed sites is, in effect, homogeneous,

boyle and Wilson (19%78)
rent speeds at the surface and inter-

indicate that cur-

mediate depths and near the bottom are
similar but the direction 1s neot.

High tidal current velocities can
cause resuspension of bottom sediments.
Likewise, an irregular bottom may create
vertical shear stresses, resulting in
greater resuspension of sediments near the
bottom.

extent of resuspension;

The model can not predict the
it can predict
only how far sediment discharged at the
surface will be borne by tidal currents
before it settles out. In other words, we
can State how much sediment is at the mid
depth of the water column, where it may
affect fishes and other swimming creatures,
but we can not accurately state what con-
centrations are near the bottom, where
benthic infauna and epifauna are affected.
However, assumption of wsrss cases proba-
bly covers the additional amounts of sus-
pended sediment due to resuspension near
the bottom.

Ambient Suspended Sediment Concentrations

As was noted in the previous section,
sediment plume concentrations modelled were
excess concentrations, or above ambient
concentrations. There is a paucity of sus-
panded sediment data for the Lower Bay area.
Only Parker et al. (l1976a), and Duedall et
al. {1978} progide 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
mining area while the West Bank Station (F)
is located about 3 km due east of the tip

of Sandy Hook, half way to the Ambrose



Channel alcong 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

1975). The values

are typical of estuarine waters along the
east coast {Schubel, 19%74;
1966). Higher values, up to 10,000 mg

have been reported in Chesapeake Bay

to resuspension (Kao,

Bond and Meade,

during severe storms (Schubel, 1974;

Meade, 1969). -

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

8 = slack, F = flood, E = ebb.

Date East Bank West Bank
5-XI-73 6.4(E) 3.5{E}
6.5(F)}
6.3(8)
5.%(E!}
22-1-74 12.5({F} 14.0(E)
13.1{E) 14.3(F)

14.2(F)
20-Iv-74 10.6(%} 12.9(s!
12.7(E) 16.3(E)
14.3(s) 15:2(F)

13.3(F)
5=VI=74 10.6 (F} 2l.1(F)
13.6{E} 15.56(35)
28.5(8) 21.8(E)
24.3(F) 25.8(8)
26.€(F}
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Syntheate of Suspended
Particulate Effects

Organisms Present Wear Mining Sites

It was noted in Pradiction of Sedimant
EFlumes that processing (screening and
washing) of mined material may result in
localized areas of high suspended sediment
concentrations. Much of the material in
suspension is relatively coarse and settles
out guite rapidly. The suspended sediment
plume model predicted that excess suspenaed
sediment will extend in a long, narrow band
The

length of the plumes is determined by the

along the direction of tidal flow.

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 beéause‘
of the large tidal flow component. FPre-
dictions were only made for ebbing tides
gince it is unlikely a wrocessing coperation
would be conducted on floocding tides, when
sediment would be carried intc the Lower
Purther, it should be

pointed out that the source of sediment was

and Uprer bays.

modelled as continuous for the duration of
cne half the tidal cycle.

The direction, extent, and structure
of the suspended sediment plumes now have
been characterized. The next sten is to
determine which organisms are potentially
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
(1975a,bj, Steimle and Stone (1973},
Brinkhuis ({1977-1979;.

of species and maximum abundances in the

and

A composite list

FEast Bank area are shown in Table 26.
The species 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
{1873 - seze Appendix
Examination of monthly totals of

Steimle and Stone
Table 7).
Qrganismg per sguare meter indicates that



Fig. 32 Background suspended sediment concentrations {mg.1" ir the water column batwesn 1 and 4 meters {x) and one meler
above the bottorm (o) over a tidal cycle on 24 Aprit 1974 at Station H from Parker et &), {1976a),

SLACK SLACK
FLOOD —» Y EBB-— Y  FLOOD~»

|

] 1 1 ] | )|
o650 I 0850 | 1050 | 1250 | 1450 | 1850 | m®50
t 1550 1750

Q750 0950 NS0
TIME

350

11¢



2 2 in East Bank
areas that may be affected by mining and suspended sediment plumes. Fish densities are
on a relative scale of 1 to 5 (1 = most abundant). Based cn reports by Woodward-Clyde
(1975a - Sta. 2 not included - see text), Steimle and Stone (1973 - Transect A), and
Brinkhuis (1977-1979). An asterisk (*) indigates literature available on suspended solids
effects on that organism or a clasely related species,

-7 -
Table 26. Maximum abundances of fauna (#*m ~} found in densities 2 100-m

Maximum Max imum
Invertebrates Abundance Fishes Abundance
# Mutilus edulie 111,000 *  Anahoag mitohilll 1
Hapmcthnoe extenuata 1,955 Stenatcmug chrysops 1
Nematoda spp. L 1,400 * Seophthalmus agquosus 1
Cirratulidae 1,020 Pseudopleuronactes americanus 1
Cligochaetae 785 Tautoga onitis 2
Havrmothoe imbricata 785 *  Ammodytes americanusg 2
Pararhozus srinosus 785 Pepriluc triacanthus 2
Jvalipes ocellatus - €70 * 4losa zestivalila 3
Sontadella graetlis 650 Emgrculis eurystole 4
*  Jerpeia succineda 610 Herlucciﬁs bilinearis 4
* 3Spie filicornis 600 *  Brevoortia tyrannusg g
¥ Canger ippopatus 580 * Menidia menidia 5
Srisula solidissima 385
*  Paisdora ligni 340
Tharys agoutus 335
*  Erio setosa 320
Funinarachnius parma 320
Leridonctus sgquarmala 270
Protonaustoniuad deichmannae 240
imaiola szrrata 215
*  Jassa faloota 190
“natela trrorata 178
Spawngon gertamspincsa 175
deanthaokausztoriug millal 175
* 17%
* 160
* 145
* 145
130
130
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raxirnum numbers occour during the late
spring, cummer, and early fall menths,
The lowest nunbers are found hetween

Wovember and April. The blue mussel,

ALBRFIL S

vy ocdwe

a

‘g, apparently dominates
abundance. FHKowever, studies underway by
this auther indicate that very few Nuriiue
are found on the Tast Bank within, or near,
the vroposed mining site.

The abundance ¢f fishes on the East
Bank has not heen reported in the litera-
ture. There is a lack of guantitative and
seasonal data in this area. The gualita-
tive ranking of fishes in Table 26 is based
only on preliminary data from this author's
observations during 1979 and 1920 (and
cngoing) studies. The most common species

appear to be the bay anchovy, <nrofisz md:-

R

7. However, abundances of fishes and
numbers of species on the East Bank are
generally low throughout the year., The
seascnal fish surveys presently being con-
ducted by this author will provide a more
Juantitative base of knowledge on figh
divarsity and abundance.

The distrioution and abundance of
fauna in the vicinity of the proposed
West Bank mining site has been character-

 ized by several guantitative studies.
Walford (1271} and bean (1975) described
the diversity and abundance of inverte-
brates, However, no data are available
on seasonal distribution patterns. Wilk
et al. (1%77) conducted studies on tem-
poral variations in fish species and
abundance {(Areas E and J - see Fig. 29),

Table 27 indicates the maximum
abundances of invertsbrate species reported
by Walford (1971} and Dean {1%75) to be
present in numbers greater than 100-m—2
at the 0ld Orchard Shoal site. The com-
munity on the West Bank appears dominated
by the small bivalve, Semmao gemme, and
the soft-shell clam, Yya arenaria. The
diversity and composition cf this com-
munity if quite different from the charac-
teristics ©f the East Bank. These data

indicate lower abundances and diversities
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Table 27. Maximur abundances t#'m_z} c£
fauna found in densities 2 100 'm~2 ir West
Banl areas that may be affected bv mining
and suspended sediment plumes. Fish den-
gitier are on a relative scale of 1 toc &

(1 - ;most abundant). Based on Tepor<s by
Degar (187%), Walford (1971}, and Wilk et
al. f1877)., An asterisk (*} indicares

literzture available on suspended sclids
effects on that organism cr a closely
related species.

Invertebrates Mavimum Aburdance

Y Zemmg gsvms €2,000
1 Ny arerariz 21,7€E0
= tus zdutls 4,090
Jricuile #zlidlgslng 1,372

2 La 780

= 510
* 370
= 358
§ 261
Y Comophium sp. 230
Fumida ranguinea 155
Srie astoda 150
srreliace sp. 150
Surmbrineris tewvuie 139
Carmothces extenuuia il3

Fishes

A Aloea aesiivelic i
Y Amenog miteniliy 1
Foralichtiie denratne 2
FPerriius triccenthus z
Fomatomus agzltrtrir 2
ITeuudsy leursrnactas amerioayue 2
dlees Lezudvrmarengus 3

Y Conaopeion roualile 2
P Brorthatmuatigncrue 3
Tutosa o 3
itoso gap 4

*  Brevoortiz turannus 4
Uropko.aie shuss 4

P C0Tures haraengue havorpus 5
* Prionctue carclituz 5




are present on the West Bank. The seascnal
faunal surveys being conducted by this
author will provide greater detail on pat-
terns of invertebrate abundance, Pre-
liminary data indicate that many of the
species reported by Walford (1971) and
Dean {1975} are present today but the com-
runity does not appear to be dominated by
bivalves. Instead, polychaete worms and
gammurid amphipods are the most common
invertebrate species.

Table 27 also indicateslthe relative
abundances of fishes on the ﬁést Bank,
based on data from moenthly surveys con-
ducted by Wilk et al. (1977).

of fishes caught here are essentially the

The species

same ones reported on. the East Bank (see
Table 25).
tative rankings of fish on the East and

Althcough comparing the quali-

West Banks does not distinguish actual
abundances, greater numbers of fish are
found on the West Bank. Fewest species
and numbers are caught during the spring
and late summer menths. Preliminary re-
sults from the author's surveys during
1379 and 1280 support the findings of
Wilk et al, (1977}).

Ganeral Effects of Minina Operaticons

A discugsion of the bicoleogieal

effects (sensu srrictu) of sand mining
and preocessing in the Lower Bay of New
York Harbor canncot be limited to the
effects on crganisms inhabiting the area.
during
af-

fected by physical and chemical properties

Sediments discharged intc the water
and after a screening cperation are
of the water column and beottom, as well
as by organisms themselwves. Befora
discussing the impac+ts on organisms, we
will examine how discharced sediments are
affectad by these others parametars to
illustrate the complexity oT interactions
between them.

(1974)
the general feacurss of impacts associated

Slotca and Williamson revigwed
with estuarine dreding and snoiling.
These same features would apmly to sand

mining operations. The impacts include:

113

1) altered circulation patterns
2) phyvsical removal of organisms
3) burial or orvanisms

4) nutrient release

5) oxygen demand and sulfides

6) heavy metals

7} toxic hydrocarbons

8) turbidity and suspended solids

We will consider the effects Gf tur-
bidity and suspended solids (8} separately
in the section f7fz2ts of Suspendsd Particu-
latea on JIrganisms.

Altered circulation

Mining of bottom sediments results in
irregularly shaped holes. Several guch
holes already exist in the Lower Bay (Swartz
1978) .,

found that these holes altered

and Brinkhuis,
{1979)
current flows, depending on their size and

Wong and Wilson

location. Further study by computer simu-
lations of altered bathymetry indicated

that large holes mined in the vicinity of
Romer Shoal and Flynns Knoll {(see Fig. 1)
intensified current velocities and increased
tidal amplitudes in the Lower Bay near
Staten Island. 1979) found

that the locations of certain holes may

Kinsman et al.

concentrate wave rays along certain shore
peints of Staten Island. Again, the most
critical areas appeared to be Romer Shoal
and Flynns ¥noll. These combined forces

could act to increase local shorz ercsion
rates along Staten Island's eastern sihore.
{1978)

that certain holes may become anoxic

Further, Swartz and Brinkhuis found
during
the late spring-summer. The authors indi-
cated that the isolated nature of these
holes did not permit adequate circulation
tor binlogical and chemical
of

iying sediments.

te compensate

oxvgen demand vhe water column and under-
This phenomenon was only
holes, and not

The waters on the

observe above Wegh Bank
above Bast Bank holes.

East Bank apparently were well mixed and
exchanged with the clearer waterzs of the

Bight Apex.

Holes could propably be mined on the



West Bank without water zolumn and circu-
laticen impacts if zare wags taken in
cheosing mining sites with regard to
location and size. Such holes should
fconnection) with neigh-
They
should not be located on Romer Shoal o-

nave exchange
oring channsls or other holes.
Flynns Knoll, Cf course, all circulation
impacts could be rinimized if mined holes
were backfilled with dredge spoils, as

has been proposed by numerous agencies,

e.g. New Yorr CQffice of General Services
and UJ.3. Army Corps of Lngineers.,

Physical remcwval

The most
oI mining pertains to the removal of ben-
thic biota, The biota would probkablv be
killed during mining operations, although

apparent biclogical impact

there are no data available to suggest
susceptibility of certain species or kill
factors in general. Sessile forms would
be mest affected but there is some evi-
dence that mining/dredoing attracts
feeding motile forms near disrupted sedi-
ments. The significance of this latter
effect is not known.

Mining may expose sediments of a
different texture, and

grain size, poro-

sity. This might affect racolonization
from adjacent populations that survive
the operations. BRarrison et al. (1964),
(1972), and Slotta et al.

2ll detected inmediate increases

Saila et al.
11973}
ir infaunal populations after dredging,
and a fairly rapid recclonization did
occuy, However, adiacent areass were
characterized by hich organism density
and diversitv. Density and diversity
in the Lower Bay Complex are generally
low. This would certainly affect re-
The

U.8. Army Corps of Engineers is presently

population rates in the Lower Eay.

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 ketter determination of

local recolonization rates.

1ls

One further moint to be considered
is whst has happened to bicta density and
diversitv in the existing holes that werc
mined approximately 10 years ago. Studies
by this author found that these holes on
the West Bank filled in with 70-90 cm of
highly organic sediment. Verv few organ-
isms were found. Little or no oraganic
material accumuiated in East Bank holes,
and organism abundance was somewhat
(see Tables 11 amd 12). The

organic material nrobably accumulated due

creatar
Lo restricted clirculation and exchanae.
This material is apparently unsuitakle for
most gpecies, either due teo the fine grain
the

1878} or associated toxic effects of

rnature of sediments {Swartz and Brink-
huig,
material asscciated with the organic matter
and low oxygen levels. Except for a thin

surface layer {< 5 mm), the sediments in
West Bank holes are anoxic most of the
vear. Again, if a vlan to backfill holes
with dredge spoils capped by a clean sandy
layer were implemented, these effects
would be considerably reduced.

Burial

-

Burial cf organisms is a factor
critical only downstream of the nlume
generzted by screening coperations. As
indicated previocusly, most of the material
discharged will settle near the discharge
The ability

of bicta to survive burial in these areas

point, along a narrow band.

depencs primarily on their behavior and
morphology. Burrowing polvchaetaes and
kivalves have been shown to survive burial
by up to 21 om of sediments {Saila et al.,
1873).

Betwesan 9§ and 99% of

the water near a proces-

the sediments
discharoed in%é
ging barge will rapidly settle to the

bottom {Schubel 1878). Most of
the rapidly settling material will con-

et al.,

gist of the undesirable fine grain sands.
This material will probably fall to the
bottem a2s a density current rather thar
individual particles 19745, and
will be deposited within a few hundred

{Gordon,



matears of the processing operation. ‘“hen
this material falls on hard sandy sub-
strates, there will not ke much of a den-
sity surge, or wave of sediment flowing
out near the btottom. Gorden {1974) hypo-
thesized that such density surges will
enly oceur if there are much silt and clay
in the discharged material. Typically,
sediments in the proposed mining sites
contain less than 2% silt, plus clay by
mass (Kastens et al., 1978). Of course,
these observations are only valid in con-
sidering a flat bottom., Ridges or sand
waves may cause some material to be in-
jected back into the water column, but
this effect is probably minimal with fine
sand sized material. Bokuniewicz and
Brinkhuis are presently examining the be-
havior of sediments discharged intc pre-
viously mined hcles, some of which consist
of hard bottom sandy sediments and others
that have accumulated silt and clay
material since they were mined. Many of
these holes have an irregular bathymetry,
and the effect of this bathymetry on
settling material is also being examined.
Fine grained sediments settling to
the hottom near the discharge point will
be subject to several other influences.
The material will be pocorly scorted and
will have a relativelv high porositv. It
will therefore, be more susceptible to
resusnension and lateral transpoart by
bottom currents. Gordon (1974) indicated
that only about 1% of the material will be
transported laterally by the density surge
hevond 100 to 200 m of the impact area.
On the other hand, Biggs (1970) found that
as much as 12% of the material deposited
on an underwater spoil material in Chesa-
peake Bay had "disappeared" 1530 days after
deposition. Tha lost matsrial was probably
transported by the bottom current, whose
velocities are similar to these found in
the Lowar Bay waters., XNittrouer and
Sternberg {1975} determined that spoil
mounds of fine grainred sediments in Puget
Scund shrank in size within four months

of daposition. ©Gnly 16% of the originally

ceposited material rermained. The authors
velt that this was princically due to
hottom currents of 50 cmes L similar to
“hose found in the Lower Bay. Other rea-
sons tor the "diséppearance" of the spoil
round include loss during disposal and
trater loss during consolidation, after
settling on the bottom.

It should be pointed ocut, however,
-hat these previcus studies nave all dealt
with the disposal of sediments containing
.arge silt and clav fractions. It is con-
weivable that in mining sand depesits in
:he Lower Bay, overburdens containing
qreater gquantities of silt and clay may
have to be disposed of in processing.
although this situation was not examined
.n the modelling scenario, there is encough
avidence in the literature to predict what
may happen to such fine material. Gordon
{1974} and Schubel et al. (1978) observed
chat much of the fine material rapidly
settles near the discharge. Masch and
tpsey (1967} found that when dredge wash
vater contained 80% or more silt and c<lay
iy weight, the sediment tended to floc-
sulate inte density layers. Such highly
roncentrated silt and clay overburdens are
1t to be expected in the Lower Bay
{Kastens et al., 1978).

The mining scenario described pre-
siously indicated that a typical barge
{700 m caracity) would reject 35% as un-
suitable fine grain sediments. If we
assume that all (worst casel of this
naterial settles within a 250 meter radius
2f the discharge, we can calculate that
the 245 m3 discharged would spread in =z
laver approximately 0.62 om thick. Al-
rhough such discharges may be piled some-
~ha= hicher near the source of the dis-
charge, the sediments will have a high
water content, and would likely spread
aven thinner and further by sediment re-
suspensgion due to tidal currents and wave
action.

On the other hand, sessile species
are probably killed by burial of any mag-
nitude. Saila =t al. (1972) revoorted



acute kills from burial of various ben+thic
T1973)
indicated that benthic infauna readjus+ed

grganisms. However, Slctta et al.
to former abundances within a few weeks
It has

been suggested that rapid recoveries in

after dumping of dredge spoil.

disturbed sediments is attributed to a
resistant biological population (Slotta
et al., 1973).
in an area of relatively high abundanrce of

This finding, however, was
many species. It is not known if such
rapid recclonization would@ occur in the
ggnerally impoverisned Lower Bay. Agair,
the research being c¢nnducted under the
auspices of the U.S. Army Corps of
Engineers will provide some indications
of recclonization rates.

Nutrient relezse

During mining/screening operations,
sigcnificant concentrations of nutrients,
primarily various chemical forms of nitro-
gen and phosphorus, will be released to
the water column. Por example, Cronin et
al. (1970) reported increases near dis-
charges from 50 to 1,000 times ambient
levels. No increase in chytoplankton
was observed in this Chesapeake Bay study.
Wirdom (1973) also reported large nutrient
increases in his study of five estuaries
on the southeastern coast 2f the United
States. In contrast to Crorin's study,
he found significant inereases in algal
growth in experiments where drgdged sedi-
ments were incubated in bottles containine
receiving waters. Stimulation of algal
growth was also observed at dredging sites.
Schubel et al. (1978), on the other hand,
did not detect significant increases in
nitrogen or phosphate concentrations in
sediment discharge plumes in Apalachicola
Bay (Flerida).
examine phytoplankton growth characteris-

They did not, however,

tics.

Water column nitrogen and phasphorus
concentrations in the waters of the Lower
Bay Complex are among the highest reported.
Further, phytoplankton productivity is
the highest reported in the literature

(Garside et 2l., 1976). Ammonie-nitrogen

suppcrts the large mopulations of nhyto-
rlankton and phytoflagellates {(Mahonev and
McLachlan, 1977). The majority of ammonia
is derived from sewage inputs (C'Connors
and Duedall, 1973).

and Mahoney and McLachlan (1977) indicate

Garside et 2l. (1976}

that derse bloome of plankton in Lower Bay
waters become light limited rather than
nutrient limited. Suspended particulates
will further reduce water column iight
intersities. Therefore, it is unlikely
that nutrient release fror mined sediments
will result in a further increase in ophy-
toplankton production. Further, &
et al. (19%78) found that sources o
trients from sediment discharges &z
diluted. £

elevated nutrient concentrations on other

re rapidly
There are no reported effects of

organisms,
Oxvgen demand and sulfides

Mining/screening cf sediments may re-
sult in the release cf organic and inorganic
materials that can increase oxygen demand
in the receiving waters. The majiority of
this demand is ascribed to chemical reac-
tions. For example, various iron sulfides
are readily oxidized. Numerous authors
have noted that iroen and manganese were
scavenged by suspended matter and freshly
formed hydreus coxides. Schubel et al.
(1578) did net detect anv decrease in dis-
solvad iron and manganese water column con-
centrations during pipeline discharges.
Altheugh considerakle amounts of reduced
particulate matter with a high potential
oxygen demand might be introduced to the
water during mining/screening onerations,
only a small proportion will be recactive
during the time scale of the operation and
the se4tling of“particulate material.
Between 95 and 99% of the material dis-
charged is deposited close to the discharge
in a time scale of tens to hundreds of
seconds ({Schubel et al., 1978),
the water columr oxygen decrease is less

Therefore,

than might be expected from either chemical
reaction calculations or organic carbon
analvsis, Once discharged material has

settled, its oxygen demand is initially



dependent on expulsion of interstitial
water during compaction processes and

then is diffusion limited {Schubel et al.,
1378). Schubel et al. (1978) noted oxygen
sags of 0.4 mg 02—9'l {from chemical
reaction calculations) to 1.1 ng 02-9-1

sediment {from core incubations). Oxygen
depression in surface water ranged from
0.2 to 6.0 mg-t"

to 2.1 m deep.

in shallow waters 0.6
The largest devressions
were generally noted in the shalliowest
waters, o

Swartz and Brinkhuis (1978} found
low oxygen concentrations in waters above
West Bank mined holes in the Lower Bay
during the summer months., Values ap-
proached 3 mg 02.2'1.' During the remain-
der of the year., and above East Bank
holes, oxygen concentrations were near
The study indicated that

sediment sulfide concentrations in un-

saturation.

disturbed East Bank hole sediments were
S0 .g sulfide .g~
but were high in organically rich West

{uo to 868 ug sulfide
Low bottom water oxygen

low {approx. 1 sedinent)

Bank hole sediments
.g'l sediment).
concentrations were strongly correlated
to measured chemical oxygen demand.
Surface and midwater oxygen lows were
related to high biclogical demand.

It is likely that mining/screening
of Lower Bay sediments will create an

oxygen depression. To a large extent,

such depressions could be minimized by
conducting these operations during cooler
This will

both biological and chemical oxygen de-

months of the vyear. decrease
mand at a time when water column oxygen
concentrations approach or exceed satu-
ration. It is believed, though, that

during the time scale of a tidal cycle,
mest of the chemical interactions will
occur during the injection of water into
mined

After

sediments for processing purposes.
sediments are directly in contact
with the water column and while they are
suspended in the plume, little further
chemical interaction will accur. Chemical

oxidation and other reactions occur gquite
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rapidly in relation to the age of a fully
davelopad plume.

Heavy metals

¥hile the mined sediment is in contact
with surface waters during processing and
dzscent to the hottom, it may undergo a
nimber of chemical interactions. Coastal
mairine sediments, especially in harbors,
are normally reducing a few centimeters
bz2low the sediment surface. Many muddy
s2diments also contain reduced chemical
e.q9.,
ramoved by a bucket-ladder or clam-shell

complexes, metal sulfides, Material
dredye will remain "intact" during trans-

pirt to the loading barge. However, when
i: is processed, this chemical integrity
will be altered by mixing with large

Reduced

thereby

anounts of oxygenated sea water.
ciemical forms will be oxidized,
potentially releasing "trapped" metal ions
{3ambrell et’al., 1%76; Khalid at al.,
1378). This oxidation process also "con-
simes" oxygen from the water, resulting
i1 an oxygen sag in the discharged water
{3chubel et al., 1%78).
Lywer Bay are reduced but are relatively

Sediments in the
1w in sulfide concentrations {Swartz and
B-inkhuis, 1978) that may trap metals.

Metal concentrations in Lower Bay
sxdiments near the proposed mining sites
are lower than other areas within the
Lxwer Bay Complex {(Grieg and McGrath, 1377).
Tie highest metal contaminant levels are
faund in Western Raritan Bay and Sandy Hock
Bay. Using an arithmetic mean of all

m2tal {cadmium, chromium, nickel,

1lz:ad,

copper,
and zine! concentrations, they found
twt sediments east of the Ambrose Channel
(< 9.0 ppm).
M2an concentrations near the proposed West
Cad-

and copper concentrations

hid the lowest concentrations

Bank nining site approached 67 ppm.
mium, chremium,
wire generally low., The authors noted that
highest concentrations occurred in the
winter. Concentrations of most metals in
sadinents <f Raritan and Sandy Hook Bays
ware an order cf magnitude greater. Gri=g
awd MeGrath (1977) indicate that the pat-

t:rns of ssdiment metal gohcentrations



corregpond almost exactly to the faunal
distribution of Mc@rath (1974) and the

sediment patterns described by DeFealee

{1967).

It is likely that some metal snecies
will be released to the water column during
mining/screening operations. It is up-
known, without direct measurement, how
significant this increasze might be. Most
studies to date on dredged material dis-
posal have shown little or no release,
primarily because material sinks to the
bottom in a rapid jet, minimizinc inter-
action with the water celumn. ©On the
other hand, screening will inject large
amounts ¢of water into the sediments.
Release of metals under such circumstances
Las not been extensively studied in pol-
luted sediments (Schubel et al., 1978),
Further, Waldhauer et al. (1978} and
Seeliger and Edwards (1977) indicate al-
ready high lead and copper concentrations
in some waters and algae of the Lower Bay
Complex. No data have been reported on
organism metal concentratieons in the Lower
It is doubtful that & release
of metals from processed sediments could

Bay Complex,

be detected above ambient (also highly
variable) water column concertraticns re-
ported by Waldhauer et al., (1978). Schubel
et al. (1978) found increases in manganese,
copber, and chromium near the discharge,
and this was associated with particle con-
centrations near or exceeding 103 mg-ﬁ-l.
Conversely, iron concentrations were low.
ho well defined plume could be found at
any of the threes sites studied in Gulf of
Mexico waters. However, the presence of
low (uswally below detection limit) inter-
stitial water concentrations of zinc,
copper, chromium, cadmium, and lead pre-
cluded any substantial release of these
metals.

Toxic hydrocarbons

No studies have thus far been reported
on hydrocarbon concentratiens in Lower Bay
Complex sediments. Hydrocarbons would
include nils and numercus pesticides.

Searl et al. [1977) Adid, however, examine
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nonvolatile hydrocarbon concentrations in
surface waters of the Lower Bay complex,
These nonvolatiles are cormprised onlv of
oils with carbon chains of » 14 carbons,
They found concentrations near the Anbrose
Channel to be a factor of 10 higher than
cffshore. Highest concentrations were
fcund near Manhattan and eastern Raritan
Bay.

Brinkhuis (unpublished data} collec-
ted three sediment cores in one of the
rreviously mined pits that has since ac-
cumulated organic matter. Since many
hydrocarbons, including polyvinyl chloride
biphenyls (PCBs), are fraguently associated
with fine and organic particulate matter
‘Chytale, 1979}, it might be expected that
these pits would reflect maximum expected
concentrations of hydrocarbons. Several
layers in these cores were analyzed ‘or
the PCB Aroclor 1254. Concentrations were
found to range from 0 to 0.57 parts per
These sre apparently not
Further

upstream in the Budson, near Manhattan,

Tillion {(ppm}.
particularly high concentrations.

PCE concentrations in sediments are re-
ported to be akout 3 ppm (Bopp et al.,
1979), No other data have been reported
for the area.
Effects of Suspended Particulates on
Organisms

Several recent reviews, e.g. Sherk
and Cronin (1970), Morton (1976, 1977),
Mooxe (1977} and Stern and Stickle (1978),
have vointed to the comwlexity of sus-

pended sediment effects on marine biota.
These effects may be simplistically divi-
ded into direct and indirect effects.
Direct effects include smothering, clog-
ging of respifétory structures, filtering
apparatus and the gut, and abrasion of
tisgues. Indirect effects include tempera-
turs, salinity and oxygen effects at the
metabolic level (Haefner, 1969; 1970).

The latter are more difficult to ascertain.
Since particles suspended by dredging/
mining operations eventually settle, ef-
fects zlse ineclude population redistribu-

tion. Many species irhabkit particular



grain size ranges of sediment. Further,
different life stages have different sus-
ceptibilities. Much of the literature is
extremely gqualitative, often based on

field observations relating distribution

of a species to turbid or clear waters.

In some instances, experimental data is
given.

Problems arise in the interpretation of
guantified suspended sediment effects. As
Moore (1977) indicates in the most compre-
hensive treatment of suspended sediment ef-
fects, these difficulties arise from: 1}
use of artificial sediments {e.g., Kaolin
clay, Fuller's earth and glass shards, 2)
effectiveness of the experimental system in
maintaining uniform suspended sediment loads
and 3} lack of awareness, or incorporation,
of indirect effects (e.g. reduced oxygen)
into experimental design. In only a few
cases have natural silts or sands been used.
It is the latter's usge that most often re-
sults in the caveat that toxicity effects
may be mostly responsible for mortality.

e will first review what is known
about the a2ffects of suspended particulates
on different taxa of invertebrates, fol-
lowed by effects on £ish species, found
near sediment plumes generated at the two
proposed mining sites.

Zooplankton include organisms that
spend their entire life history as plankton
as well as larval stages of invertebrates
and fishes. There is no guantitative or
qualitative distribution data for zooplank-
ton relative to the proposed mining sites.
In most estuaries, zooplankton is dominated
by crustacea and larval stages of inverte-
Most of these organisms are filter

Sherk et al. (1974) observad a

significant raduction of food when the

brates.

faeders.

canepods Turutemorz 2ffinis and Asarria
sinzq were exposed to mixtures of seawater
and Fuller's earth, fine sand and natural
Patuxent River silt, Sullivan and Hancock
{1973) postulated that suspended sgediment
reduces efficiency of feeding appendages.
Toxic interactions with contaminated

material adhering to the organisms are
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1lso suspected (Morton, 1976).

Literature concerning suspended sedi-
nent effects on invertebrates is more ex-
asensive, however, much is qualitative.
lable 28 summarizes the literature concer-
ning effects on species that are found in
the Lower Bay as a whole., Species labelled
oy asterisks occur within areas affected by

sediment plumes at the two proposed mining

sivtes {see also Tables 26 and 27). Most of
this materiazl was derived from the compre-
hensive review of Moore (1977). Tables 29

and 30 include other invertebrates de-
scribed in the review of Peddicord et al.
{1975).

We noted in Tables 19 and 21 that the
highest concentrations of excess suspended
sediments range from 2.9 and 2.3 g-l':L at
the East Bank and 0ld Orchard Sheal 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 tc 1l 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. Therafore,
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'l, and
the plume has a width of only about 55 m.

Although most of the informaticn
listed in Table 28 is gqualitative, nest of
the species appear tolerant of turbid con-
ditions. 1t ig quite probable that many
of the species found in the Lower Bay are
there because they have survived many years
of onslaught from a combination of pollu-
tants and occasicnally turbid waters after
major storms and periods of high runoff
flow from the Hudson and Raritan Rivers.
The exceptions are Spic sp. (Wolff, 1373},
Crenidula Ffernizazta (Johnson, 1972),
Tzlling sp, (Moore, 1977). Peddicord et
al. (1975) data {(Tables 29 and 30) indi-
catz that many of the invertebrates they
studied were guite resistant to turbidity.

Quite low mortalities were rencrted at



Table 2B. Invertebrates present in the Lower Bay Complex for which qualitative literature
exists on suspended sediment effects. The snecies listed are all freor Table 6, An
asterisk (%) indicates the species present in aress potentially affected by sediment
mining/processing plumes., Where no specific species is listed, literature exists only for
the genus or a closely related species.

Anthozoa

Jagartia rueesia Mistakidis (1951) reported 5. #rosicdiytes less
common in turbid situations.

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

Polychaeta

) and Wolff (1973) indicate Nerais
r certainly not deterred by turbid

NYer:

o
L2}
o)

Purchen (1937
Zivergicslc
waters.

Capitelia caritate Emerson (1374) found mertality of trochophores
and metatrochs 50% in 96h exposures to 100:1,
106:1, 4:1, and 2:1 seawater sediment mixtures,

fraelia Dicornie Moore (1977} indicates species inhabitg surf zone.
4 Foplydera sp. Barnard (1838} indicates F. Iligr{ and =, limioc!
penetrates most turbid waters.

=

Leung {1972) says P. g<ltcta is turbidity tolerant.

* Spie sp. Wolff {1973} indicates 5. marrineneis intolerant
of turbid conditions.

Payacrisz sp. Wolff (1973) indicates P. folzens intolerant of
turbid conditions.

Jhastorierus caricredotue Moore {(1977) indicates that species may be vul-
nerable due to clogging of mucus net filtering
apparatus,

Subella sp. Dales (1957) indicated these fan worms found near
mouths of rivers with high loads of fine detritus.

Allen and Todd (1900) found 5. ravsninz most
abundant in high salinity and turbid estuaries.

Hydroides sp. Crippen and Reish (1969) indicate X. norveaica
found in wide range of turbidity in Los Angeles
Harbor,

Crustacea

* Balanua sp. Moyse and Knight-Jones (1967) suggested that
: turbidity indirectly affects larval release in
5. baiancidee. Sili.reduces light, thereby
reducing plankton blooms that normally trigger
release,

Purchon (18537) indicates B. improviesus tolerates
gilt pollution better than most barnacles.

Flasmcopus 8p. Barnard and Reish (19539) report E. raorax less
commen in turbid water.

McNulty (1961} noted F. pecternicrus occurred in
turkid waters.

Ffalzata Barnard and Reish (1%959) repcrt species commen in

* Jasea |
turbid harbors.
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*  ampeltaea SP.

* Corsphium sp.

Lertoehairus 8p.

tenothoe 8Bp.

feomusia sD.

% Crangon Sp.

*  Feomarus anericanid

Fasurus sSp.

4 Tazucan mienua

Gastronoda
Listoring sp.

* Spsridula fopmdagta

Vi

Table 28 (ccntinued)

Milles {1967) indicates turbidity might be responsi-
ble for initiating feeding in tube dwelling
anphipod A. abdita and 4. vadorum.

Meadows and Reid (1966} indicate (. volutator
juveniles swim more in turbid water.

Purchon (1937), Barnard and Reish (1959} and
others indicate many tubiculous amphipods,
particularly Corephium sp, found as fouling
organisms in highly turbid areas.

Pfitzenmeyer (1970) indicates L. plumulosuz co-
dominated areas in Chesapeake Bay spoil deposits
and turbid waters.

Goodhart (1939} describes L. pilosus as using
suspended mud to build tubes.

Moore {(1977) indicated that Chardy (1970) reported
5. dcllfusi absent from turbid areas.

Moore (1977) indicated_a positive role of turbid
guspensions (0.1 g.l1°) on fat content and
nourishment of ¥. integer.

Moore {1977} indicates shrimp L. ecrangon fatter in
turbid waters where feeding is not restricted to
nighttime.

Newton (1973) reperts cbservations by Gray that
adult Crangen survived immersion for 14 days
in 1 g.1-1 clay suspensicns.

Blackmar and Wilsen {1973) report 1. crangon
survived 72 h in red mud concentrations up to
33 g.171). (See also Tables 29 and 30}

Sherk {1%71) found species very resistant to turbid
conditions.

Saila et al. (1968) found no effects of turbidity
on lcbsters, -

Wolff spd Sandee {1971} suygest high turbidity
inhitited occurrence of P. begrvhardusz. (See also
Table 30}

Arudprzgasam and Naylor (1964) indicate additions
af sispended particulates elicit short-term,
reversible resmpiration increases.

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

Fretter and Graham {1962) state that 5. Iiftzrzlisg
aveics turbid waters.

Johnsor (1371) found that turbidity decreases shell
growth, Filtratiecn decreased with increasing
concentrations of Kaolin and Fullers earth,
especially between 0.14 and 0.30 g.17L1, arowve
0.6 <.1"L, no reduction in basal filtration rate
vecurred, He feels turbidity restricts its
presence.
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Table 22 fcontinuved)

Zlayton (1974} noted that whelks have long siphons
and are zcapted to local turbidity caused by its
own stirr:ing of mud and sandy hc+tom.

3 1]
£
™
\
w
M
g
2]
i+

Nagearius gp. Xav and Switzer (1974) found Yasecer<us restricted
te ¢lear lagoon waters in the Central Pacific.

ws to be

Peddicord et al. (1975) found /. -ifecletuws
days

vnaffected by 100 g.1=1 Kaolin after S
(see Table 30).

Bivalwvia

ciLdia Limatnia Lavinten and Bambach (1969} reported that biotur-
bated layers may cause high juvenile mortalities
by fouling feeding asparatus. Adults apparently
stabilize themselves in deeper layers.

Rhoads (1963} reports that Yeldiz is responsible
for much of the sediment reworking in Long Island
Sound. Adult organisms not affected by ensuing
turhidity.

{rasecscres virginica Loogaan {1%61) reported concentrations of 0.1

reduced pumping rate. Silt affected egg
deve;opmept at 0.25 g. 11 and larval development
at 0.75 3.1

Loosancfif ané Tommers fi948) found pumping rate
decreased at 0.1 g.17* silt and bayond.

Hsiac (19590) indicated more turbid water increases
irregqularity in respiratory/feeding movements
of shells. They died if settled silt covered
them for more than 2 days.

Davis (19601 indicated larval growth impaired at
0.75 ¢.17% silt and died at 3.0 g.1"1. (see
also Locsanoff, 1961,

Chiba and Oskima (1957) found pumping rates was
not affected by concentrations of 0.5 to 1.0
g.17% ip Ostrea gigae,

Merosgnaria mercenaric Rice and Smith (1958) reported short-term affects
' on food removal efficiency.

Davis (1960) reported normal.egg devg}opment in
silt concentrations up to 0.75 g.1 .

Davis and Hidu (1969) indicate larvae pack stomach
with small ingested particles of kaelin and
Fullers earth znd die,

* Mulinie laterciics Levintor and Bambach +{1969) indicated high juvenile
mortality in bioturbated layers. Adults stabilize
in deeper layers.

Saila et al. (1972) indicated Mul_' waric reached
throuch 2i cm of sediment.

* Peiling sp. Mocre (1277} cites Barnett as communicating that
body weight and size decreases in turbid waters.

:r'
‘-v

Purchon {1937) stated the swvecies may be restricted
to clearer waters.

Maaana

Moore {(1377) and Saila et al. (1%72) indicate that
these devosit feeding tellinacea as a group
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Table 28 {ccntinued)

appear turbidity tolerant.

*  Jemma gemma Shulenterger (1970} reported that catastrophic
burizl of Femma by up to 230 mm sand and 37 mm
silt is survived Eor periods up to 6 days.
(See also Sellmer, 1967).

* Mya amenaric Purchor (1937) indicates survival for limited times
in high turbidity (11 days at 1.25 g.l1~l mud and
15 days at 1.52 g.1-1 chalk). Also present in
normally turbid waters.

Bousfield and Leim (1960} indicate presence in
highly turbid waters. .

Cephalopoda
Lolitgs 8p. Hoese (1973) indicates closely related in-shore
spacies Loliguncula brevis prefers intermediate
turbidities (70-90% light transmission) while
offstore {(Georgia, USA) species Dorvteuthis piet
limited to waters with at least 90% light trans-
mission.
Echinodermata
Astertas sp. Moore (1977) indicates 4. rubens inhabits turbid
waters,
Zafiricu (1972) suggested turbidity may affect
detection ability of prey in 4. rubens.
Ectoprocta
Aleyonidium sp. Moore (19734, 1977) indicates this bryzoan species
largely confined to turbid waters.
Amathiz sp. Knight=-Jones and Jones (1955) indicated 4. Iendizera
appezrs to inhabit turbid waters.
Egectra SP. Moore (1973} indicates E£. rilosa ubiquitous in

turbid waters.
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Table 29. Critical ecncentrations of Kasiin i ; for 10 {LC 10), 20 (L& 20) and 50
iLC 50} percent mortaliiy of some invertepy € exposed for 200 h (10 davs). From
Feddicord et a2l. (1975). Closest Lowar Bay relative in parentheses.
LPECIES LC 16 LC 20 LC 5D
chiua o 26 42 96
{0 riinse
Cranzar nizwnermaoulata 16 28 50
fCponsor. serremgrinseai
FQiaemon mercaxsinius 24 77 {not reached}
{None)
Crreer masigter 10 is 32
{Canaer irvromatus’
Anfegogammarus confervioslus 17 35 55
f7ammarus BP.)
g 22 48

Veznithee succingg

Same)

3]

e



Table 30. Compariscn of the mortalities at 10) q.l'l Kaolin of relatively insensitive
invertebrate species. From Peddicord et al. (L975}. Closest Lower Bay relative in
parentheses.

SPECIES IXPOSURE TIME (Da.} % MORTALITY

Strongrlosentrotus surpuratusg 3 0

farbaeia punctulatal

Crangon franciscorum S 25
(Crangen septemspinogal

ajurus airsutiusculius 12 4]

(Pagurus pollicaris)

Sphaeroma pentodon 12 0

(Cyathura ralita)

Vassartus chbsoletus 5 ' : o

{same)

Tapes japonieca 10 0
{none}

Mutiius edulis (2.3 cm} 5 10

sutiius edulis  (10.0 cm) 5 0

¥utilus edulis (10.0 cm} 11 10
{same)

Mogula manhattensis 12 9
(same}

Styela montereyensia _ 12 10

JMooula S5p.J
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sespended sediment concentrations ranging

from 9 to 100 g.l-l,

those projected by the plume model.

far agreater then

Theie
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 not be cortinuous for that lengih
of time. BAs suggested carlier, operations
should@ prokably be conducted on ebbinc

ig fluched out of
The

plume disappears at the change of tidal

tides so that material
the bay system as much as possibkle.

flow and the ensuing period of inactivity
might provide recuperation time. This is
purely conjectural, since no studies have
been conducted on mortality versus inter-
mittent exposures to. suspended sediments.
As noted earlier, larval stages and
juveniles would be most affected by sus-~
pended sediment levels and toxic inter-
actions, Accordingly, it would make sense
to restrict turbidity increases when lar-
val and juvenile abunédances are minimal.
Stickney (1973} suygests that impacts are
reduced if turbidity increases are inter-
Cronin (1970) indicates that the

periods of least total damage from dredging

mittent,

and dispcsal are in February-March and
September-Cctober in Upper Chesapeake Bay,
Table 5 notec that copepod zooplankton
dominate in the early winter and summer
wﬁile meroplankton of other invertebrates
dominate in the gpring and summer.

(1970) indicates
winter/early spring as least determinal

Further, Pf{itzenmeyer

to benthic populatieons, Therefore, Cro-
nin's recommendation might alse apply to
mining/screening operations in the Lower
Bay.

Several studies on the effectz of
suspended sediments on fish have been re-
ported in the literature (Rogers, 196%;
Ritchie, 1970; Sherk et al., 1974; Neumann
et al., 1975; O'Connor et al., 1976).

interesting effect noted by Stickney (1973)

Cne

is that fish are attracted to areas where
dredging/mining operations are conducted.

This is primarily because of the exposurs
hiter

dredging/spoiling operations have ceased,

cf benthic in fauna, or food.
naw populations of invertebrates become
established in over a twe vear period.
Initially, these populaticns may be of a
different composition than before. Ag a
result, the fish that tend to dominate the
area are those whose food source is still
available 19706;
1973).

The most comprehensive study of sus-

(Pfitzenmever, Stickney,

pended sediment effects on fish that are
also found in the Lower Bay is that by
(1974}, Table 31 indicates
the sensitivities of several fishes.

Sherk et al.
Tolerant species, including Trimneotzs masu-
laztue (hogchoker) and Riss-lc marsingta

{cugk eel) have not been found locally at
However,

the proposed mining sites. Beer k-

thatmue aguoeus {windowpane) and immol.tes
are comparable
All of

these species either burrow into the sedi-

amevrizanue (sand lance)

species in appearance and habit,

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
(LClO) were in excess of 10 g.l'l.
(Table 31)

{(bay anchovy) and Exg-

Sensitive species include
fvaokea mitahilid
scurtie tyrannus (menhaden), two typical
estuarine species. 'Bay anchovies occur
relatively frequently in the Lower Bav
(see Tables 26, 27}, especially during the

fall months. Menhaden are less cormon
overall, but are most abundant in the fall
and early wihte: menths. & 10% mortality
after 24 h exposure occurred in suspended
sediment concentrations between 1 and 9.9
g.171,

Highly sensitive species (Table 31)
include juveniles of menhaden and bluefish
and adult silver-

[(Pomatonue salta:rfx)i

sides (Menidia menidia). Juvenile menha-

der and bluefish are most common during



Table 31. Sensitivity of fish species to suspanded mixtures of Fullers earth at 10%
(LC 16} mortality. From Sherk et al. (1974). Asterisks indicate local species and/or
closely related species found at proposed miniig sites in the Lower Bay (in parenthesis).

3

Tolerant (24 h LC 10 > 10 g.17™)

Fundulus hetarvelitus
Fundulus majalis
Leiogtomus rantihuruz
Crsanus tau
* Trineztes maculatus (Scophthalmus aquosue)

* eRizgela margindta fAmmodytes amerticanus)

Sensitive {24 h LC 10 1 to 9.9 g.17}
Momporng americana
Monrone saratilis
* Anchoa mitehilli
* Brenveriia tyranwnus
# Mieropogon undulatus (Prionctus earolinus)

* Cynogcion regalis

Highly Sensitive (24 h LC 10 < 0.9 g.l'1}

* Henidia menidia

* Pomatomus saltetriz (juventilel

* Breveoortia tyrannus {uvenile)
Honpone amerioana {juveniie)
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e summer morths. Sllversides are comnon

the spring and fall monthz (see Table

14}, Sherk et al. (1374) indicate that
juveniles of most specCiecs are MOre S8nsi-
tive than adults. These highliy sensitaive

species were affscted by suspended
Fuller's earth concentrations less than
0.9 g.171.

O'Conpor et al. (1976) indicate that
lethal effects of suspended s0lids vary
&1l

(same as in Table 31) were

with the type of material used.
species tested
less sensitive to natural sediment
{Patuxtent River, Maryland) suspensions
than
sented in Table 31 zre for Fuller's earth.

At most,

those of Fuller's earth. Data pre-

sensitivity was a factor of 2
(1969) also

the composition of solids induces dif-

less. Rogers indicated rhat

ferent effacts. Particle shape and angu-
than particle
(1976)
indicate larger particles had less effect

larity were more critical

size. However, ¢'Connor et al.

than small cnes. Common symptoms in dead

fish include hemorrhaging of blcod vessels
throughout the body surface and packing of
the gills and gut with sediment. Further,
{1969} noted that decreased oxygen

tensions may be the primary factor respon-
Air bub-

Rogers

sible for death in test fish.
bling suspensions increased apparent
telerance.
partly explain increased mortality in

Low oxygen effecte may also

juvenile fish since they have greater
oxygen demands per flesh weight than
adults 1969). It
now commonly believed that the cause

{see e.g., Rogers, is

for
mortality by suspended mixtures results

Sublethal effects are also
noted, for example gill damage, and blood
1976;

from ancxia.
chemistry changes (0'Connor et al.,
Ritchie, 197Q}.

It appearsg that fish species living
in estuaries are not strongly affected by
suspended sediment concentrations., Many
species experience temporary increases
in these concentrations due to storm and
increased runoff. They alsc aveid areas
with high levels of suspended sediment

12%

1973).
duced by mining/screeninc operations near

{§ti1ckney, Certainly, levels nro-
the source of suzpended sediments may cause
scme mertality if these levels were main-
tained for a prolonged peried., lowever,
mining pericdically would minimize this
potantial effect as would limiting activity
to times of year when fewest numbers of

fish are present {(winter, early-spring).

SUMMARY

There is relatively little guantitative
infermation on species distribution anc
abundance in the Lower Bay Complex of New
York KHarbor. The greatest lack of data
exists in seasonal information on abundance
and distribution., There is a need for fau-
nal surveys in certain portions of these
waters, especially near $Staten Island, Romer
Shoel, and the East Bank regions.

The Lower Bay region may be charac-
rerized as an impoverished one with resgpect
to the number of species found in any one
area at a particular time. The same ray be
sald for numbers of organisms per unit area.

The Lower Bay may be characterized as
perturbated by a diverse input of pollutants
which may have acted in the past (and pre-
sant) to reduce organism abundance and re-
strict their distribution.

The vresence of several previously
mined sand pits on the West Bank region of
the Lower Bay may further restrict 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-
cayino arganic matter. This factor is
nrobably caused by the isociated nature of
these holes ahd a restricted circulation on
the West Bank,

There appears to be an undectable
impact of mining pits on organism abundance
tn the East Bank recgion of the Lower Bay.
This is probably due to the generally low
species diversity and abundance in the area.

The probable effects of sand mining
cpexations on biota per se appear to be

mipimal. Predicted susmended sediment



plumes are long and narrow, with only high
concentrations within a few hundred meters
of the source. Relatively few species
would be killed during removal from the
bottom due to the impoverished 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-
gstricting operations to wipter months
{November to March).

The impact of sand mining on other
factors, e.g. altered circulation patterns,
tidal currents and tidal amplitudes, is
less clear. Literature information indi-
cates that the presence of mined pits in
certain locations of the Lower Bay may
amplify currents and tidal amplitudes.
Choosing sites for mining should pay spe-
cial attention to these effects.

pue to the lack of gquantitative data
on organisms in several regions of the
Lower Bay, it is recommended that sites
selected in those areas be surveyed for
bicta on a seasonal basis for a period of
time prior to approval of the site for

mining.
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Table 4. Distribttion and abundance of the less prevalent species encountered
in the Dean's (1%75) Raritan Bay Macrobenthos Survey, 1957-1960, In parenthesesg
after 2ach station number is the number of organisms per m? or their presence (P)
in gualitative samples.

Species

Species Found Principally in Raritan Bay

Station los. & Densities

Cerignthus sp.

Lepidonotus
sublevie

Eteone
heteropoda

Podarke
chacura

Onilonereis
tonga

Seolelepis
squamata

Saolcplos
armiger

Pggtinaria
hyperborea

Peetinaria sp.

Sakella
wlorophthalma

Protula
tubularia

Littorina
littorea

Eupleura
squdata

Juayeon
rariea

Retusa
abhtusa

Pyramidella
Ffusea

Odogtamia
trifida

145(P)
235(p)

6(3), 213(P)
47(P), 61(P), 63{P), §9(P), 141(P), 240 (P)

152(5), 154(5), 155(10}, 157(5), 212(3), 213(15), 237(3)
27(3)

26(3), 40(10), 46(3), 65(3), 106(3), 111(3), 235(3)
117(8), 237(18), 242(5), 246 (P), 254(3), 257(5}), 259(10),
261(15), 264(5}, 266(5)

53(5), 138{(10), 152{5), 155(30), 316{20), 318(5)
25(P}, 26(P}, 34(F), 48(P), 43(P;, 30(P}, SB(P}, 65(P),

lo4(p), 105{(P), 106(P)}, 110(P), 137(P), 138(2), 140(P),
146{P), 150(P), 154(P), 1l62(P), 164(P), 225(P), 236(P),
264{P}, 308(5)

137()

28 (P}

115(5), 137(p), L39(5), 155(5}, 164(P), 235(P}, 239(3)
164 (P}

148(10}, 152(5), 212(3), 216{15), 31a(40)

235{40), 30B(20)}

222(p), 265(P)



Table 4

- continued

Species

Staticn Nos. & Densities

Odeostomia sp.

Doridella
obeoura

Modiolus
demisaus

Crasgostrea
virgintca

Petpicola
pholadiformis

Balanus eburneus
Stenpthoe

eypris
Stenothoe sp.

Carinogammarus
mueronatus

Careinus
nagnas

Furypanoveus
depregsus

Yexaranocreus
angus ti frons

RhithApropanopeus
harrisst

Sugula sp.

Amatata
vidoviaed

Cliona sp.

Hydractinia
gahinata

265(5)

27(6), l0l{p), 136{P), 139(5), 140(8), 150(P), 162(P), 164(P},

C173{p), 217(P}, 222(P), 243(P)
64(P), 151(P}

152(p), 155(P), 168(P), 170{P), 221(P), 255(P)
i03(®), 1lle(P), L17(P}), L36(P), 237(P)
53(P), 62(P); 63(P), 64(P), 105(P), 246(P}, 150(5), 152{P),

164 (P), 222(P), 226(P), 2271P}
139(P), 146(P), 236(P), 240(P), 243(P)

147 (P}
47(P), 49{P), 53(3}, 57(3), 6L(P}, 65{P), 10)(P}, 102(3)
103(p), 117(P), 132{P), 136(8), 137(P}, 13%9(P), 140(3},
l46 (P), 150(P}), 151(P}, 153(P), 154(P), Ll65(P), 243(P),
253 (P)

27 (3}

3L{P)

111(p}, 118(3), 262(P), 263(P)

263 (P)

32(p), 33(P), 46(P), 49(P), 64(P}, 66(P), GB(P}, 69(P),
lo6(P), L1l(P), 113(P), 1lle{P), 142(P), 217(P), 233(P)

26 (P}, 27(P}, 42(P)

Species Common to Raritan and Lower Bays

25(p), 32(P), loOl(P), 118iP), 136{3}), 137(¥), 162{(P), 170(P),

174(p), L79(P}, 217(F}, 236(P), 240(3), 263(P), 266(P)

162(P), 252(F)

163



Appendix Table 4 - continued

Specjies

Station YNos,

& Densities

Twbularia sp.

Metridium
gentle

Zarmothoe
egrtenugta

Earmothoe
imbrtaata

Pargnaiiis
specioga

draogone
digpar

Autolytus
COrNUTka

Jephtuya
irneiaq

e
o0

1o
Pilicomis

a,

Spiochaetorterus

geulgtus

Tharyz Sp.

FPRaruga
affinia

Capitellid &

Capitellid B

26{3), lo2(3), lo08(pr), 1l09{p), 1lin(®), 113(P), 118(p),

136(P), 137(P), 139(P}, 146(P)}, 247(P}, 152(P), 182(P),
165(P), 171{P)Y, 179(P}, 211(3), 213(P), 233(P}, 239(F),
242(P), 243(3), 255(P), 263(P), 266{P}, 267(P), 308(P).

308 (P}

22(P), 167(P), 261(P), 265(P), 266 (P)

25(P), 30(P), 31(P}, 33(P), 35(F}, 106(P), 113(3), 1361(3),
163(P), 169(P), 170(P), 171(113), 172(P}, 175(P),
218{P), 230(P), 232(P), 234{P), 235(P}, 236(P),
240(P), 241(P}, 250(8), 251(S5), 252(3), 254(3),

13%(pP),
176 (P},
237(P},
255 (®),

169 (P),
250 (3},

1isip),
2521(3)

264(P), 266 (D)

171(10), 176(P}, 213(P), 232(P), 235(P), 237(P),

255 (P}

135(r), 165(P}, 168(P}, 170(P), 238(5), 250(P),

137(p), 138(P), 173(P), 253(p)

3FEy,
254 (3}

26 (3},

28(7),

136 (10}, 138(40),

34(5),

4320},

158(P),

45(2),

171(3),

236 (P),

58{(s}, 107(3),

252(s}),

109 (8},

110(5), 111(3), 112(5), 113(3), 138(5), 159(5), 177(la},
220(3), 232(5), 233(3), 265(10), 319(15)

3l2(5),

318(5)

47(3), 49(P), 61(3), 253(5)

29(4),
149 (P},

zE,

40 (5),
150i(5), 151¢(5),

45(3),

46 (3),
152(3ny,

154(5),

53(5),
155(80),

6L{P), 105(3},

165(5),

166(3), L71(3}, 239(5), 250(3), 255(5), 257(3), 263(5)

41(5}), 171(3), 176(3)

29(4),

115(3),
lee {208},

117(3),

170(P), 171(3

135(%),
), 1741(19),

L3v ey,

129 (5},
175(25), 177(P)

162¢(P},

r 21347,

217(5), 218(P), 218(S), 235(3), 237(8), 238(10}, 242(5),

243(3),

250{3), 252(5},

263(35),

le6(18), 217(P), 240(8), 250(3)

33107,
115 (py,
168 (P},
236 (P},

326 (125},

34(15),
1i6(5),

56 (P},

136(5),
170(py, 171(P),
243(5), 244(10}
321030}

164

56(P}, 101{3},
1491(3),
173(8),

139 (8),
i72(3),
. 2501{8), 285

264 (P),

321(5)}

1a3(p},
151(p),
174(5),

1{g0), 253(m,

lda{P),
155(2},
22219),

318(5) .



appendix Table 4 = continued

Species

Station Nos. & Densities

Adgabelliides
caulata

Polycirrus
gTimt us

Crepidula
plana
Lunatia

heros

Urogaipinz
einarea

Buaycon
canalienlatum

ARetusa
canglieulata

Yucula
nroxima

Mutilus
edulis

Femma
gemma

Maoonma
bglthiog

Edotea
triloba

Savophium Sp.

Crangon
geptemapinogus

102(3), l¢4(3), los8{3}, 157(P), 1661(225), 171(5), L75(5},
176(15), 178(5), 224(3), 250(3), 264(5)

27(48), 33(P), 34{(1%5), 35(5}, l01{P), 11l&(P}, L36{P),
137{(P), 138(P)}, 139{8), 173{5), 174(B), 179{5), 210(3),

45(P), 46(P), 57(P), 136(P), 141(3), 155(P), 162(5},
166(P), 167(P), 168(P), 169(P), 170(P), 171(3}, 173(5),
174{P), 176(P), 240(P), 244(P), 250(P), 31B(5}, 320(1l0),

1(py, 28(P), 42{P), S6(P}), l13(P), 166{3), 167(P), 176(3},
235{P), 252(3), 254(3), 318(5)

25(P), 26(P}, 31(P), 45(2}, 46(P), 10%{P}, 1L3(P), 1l1l4(P},
116 (3), 117{P), 118(P), 136(18), 137{(P), 13%9(3), l40(3),
162(P), 187(P), l&8(P), 169(P)}, 174(10), 175(®}, 176(3),
230(P), 234(3), 235(P), 240(3), 251(P), 255(P), 320(5)
31(P), 114 (P}, 164(P), 177(P)}, 233(P)

178(5), 179(3), 234(80), 235(B0), 237{73), 24%(5}), 252{(3),
2581(5), 265(5}, 267(3), 318(15)

55(3), 250(3)

1(p), 2(P), 6(P}, 25{P), 28(3), 30(P), 37(P), 43(P}, 113(25),

155 (P), 166(3), l67(P), 168(P}, 169(P), 170(P), 171(2960+),
172{p), 176{P), 221{3), 236(P}, 239(P), 242(P), 250(8),
251(5), 252(5), 253(5), 254(3), 255(P), 310(5}, 318{(7®),
320{4090), 321(670), 322(620)

27(py, 101(1308), 103(240), 117(P), 179(15), 210(63,520),
212(140), 253(62,000)

6(6), 7(57), 38(15), 49(3), 51(3), 63(3), 65(5), 63(3},
105(48), L144(5), 151(5), 156(5), 216(l0), 217(3), 221(3),
226(3), 308(25), 309(5), 310!(206), 311{15), 314(15:,
315(125), 316(8%), 317(5}, 3z22(10}

37(5), LoL(P), 104(P}, 106(P), 139{P), l40(P), 151(F),
153(5), 154(P), 135(P), 165{P}, 166(P), 168(P), 243(3),
261(5), 262(P), 308(165)

33(p), S7(P), 115(P}, l16(3), 118(P}, 134(P), 174(P),
236(P), 321(230), 322(5)

37(5), 46(P), 47(3), 48(P), 55(3}, 65(P}, 69(5}, 104(3},
111(3y, 1ls(p), 118(2), 133(5), 136(2), 142(5), 145(P),
152¢10}, 157(10), 1l67(P}, 169{P), 179(5), 211(3), 234(5),
250(3), 251(%), 308(35), 309(5), 314(20), 316(20), 31%i(5),
32610}

165



Appendix Table 4 - continued

Species Station Nos. & Densities
Panopaus 25(p), 27(P}, 28{P), 29(P), 34(F), 40(P}, 41(5), 42(P),
herbsti 43(P), 63(P), 102{P), 103(P), 10B(P)}, 111(P), 113(3), 115(®P},

Brwerbankiag
gracilis

Fulalia
viridia

Phyllodoee
groenlandica
Nereig
arenaceodentata
Jephtye
pieta
DMepatra

Furrea

Lumbrineria
tenuis

Sptophanes
bombyz

Dodecaceria
coralif

Fudroides
dianthus

Folinices
duplicatus

Mitrellia
lunzta

Adalaria
prorima

ta
matula

4k

Yold
i

-

116{P), 117(P), 135(P), 136(F}), 137(P), 1l64(P), 213(P),
217(p), 231(P), 237(P}, 238(F), 241(5), 243(P), 263(5),
264(P), 320(45), 321(2%5)

26 (P}, 27(P), 28B(P}, 325}, 35(S), 43(P), 11s{P), 136(3},
137{p), 138(5}, 140(3), 147(P), 166(P), 168(P}, 171(P),
172(5), 173(3), 174(®), 175(P}, 176(P}, 179(3), 226(P),
240{3}, 251(%), 253(P), 254{F}), 253{5), 263(P), 318(5),
320(P), 321(F} :

Species Found Principally in Lower Bay

172.(P)

171(5), 172{P}

27(3), 171(23), 172(P), 173(P), 253{10)

166(25), 171(3), 176(3), 210(3?), 250{10), 252{(8), 319(s5?),
321(57?), 322(52)

252(3), 254{3)

33(5), 115(13), 117(10}, 118(3), 166(5), 173(5), 174{50},
175(15), 176(3), 177(5}, 235{120), 237(33), 250(3), 253(5),
254 (18}, 255(10, 316(130), 318,115}, 321¢20)

166 (15)

170{P)

33(5), 116(S), 170(P), 173( )

30(P), 43(P}, 172(5), 17720}, L78{10), 236(P}, 249(3},
251(5), 255(5), 308(5), 316(S5), 321(5)

171{158)

17145}, 251(P}

230(5}, 2314{2), 234(3), 2459(5)



Appendix Table

4 - continued

Species Station Nos. & Densities
Anomia 251(P)
gimplex
Tellina 166{510), 171¢(205), 172(15)}, 175{(135), 176(l8}, 1l7%{20},
agilis 234{40), 2501(45), 252(P}, 2541(3)
Sptaula 116{3), le6(820), 171(1373), 172(15), 173{(5), 175(3),
solidisaima 176 {3}
Zalanus . 169¢{P), 171(53), L72(R)
erenatus

Haustorius sp.

Paraphozus -
gpinceue

Stenothoe
minuta

Elaamopia
laevis

Miarodeutopus
gryllotalipa

Jassa
marmorcta

Bagurus
langicarpus

Cancer
inroratus

Libinia sp.

Anbaeia
sunetulata

Adsteriae
forbesi

Lieztra
hastinggae

Membranipora
tenuis

Sehizoporella
untaornis

171(5)
233(65)

171(3)
33(p}, 170(P}, 175{(P), 176(5}, 235(p), 236(P), 237(P),

252(P), 254(P)
168 (pP}, 170(P), 171(10), 173(P), 174(5), 243(P), 318(3),

320(5), 321(30}
171(20)
251(10), 255(5}

167(Py, 171(18), 173(3)

167 (B), 174(5), 178(P), 249(P), 250(P), 253(P) -

171 (P}
167¢P}, Le8(P), 169(P), 171(3}), 225(¢), 251(P}), 322(P}
176(3)
1724(R)

33(P), 1164{3), le9(®), 170(P}, 175(P), 176(P}, 236(P)},
250(P), 254(P), 255(P}, 321(P)

167



Appendix Table 4 - continued

Species

Station Mos. &

Dengities

Cryptosula
rallastana

Aleyonidium
polyounm

1:5 (P},
176 {F),

1691(3),
174({p),

168 (P),
250(3),

116 (P},
250{P),

169 (P},
251(8),

117(pP),
251 (P},

172(P),
255(P),

leg (p),
253(P},

173(3), 174(P}, 175(P),
318{5), 320(p), 321(P)

1713y, 172(P), 173(P),
255(P), 265(P)

lgg
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Appendix Table 8. Station data reported by Wilk et al. (1977) but grouped by
é4reas shown in Figure 29. Staticns with * were surveyed by a #36 trawl (24.4 m
footrope); all other stations sampled by net with 5.1 m footrope; - indicated
weight < 0.5 kg.

Date Depth # Total Total wt.
Area Station # Sampled {m} Species ¥ {kg!
4 13 06-vi =74 5 0 0 0
Lower Bay 72 25-vii =74 6 1 1 -
127 2l-viii-74 4 0 0 0
188 24-ix -74 5 4 985 6.4
255 28-x  ~74 4 6 12 1.4
307 19-xi =74 5 6 15 1.4
362 03-i -75 5 6 28 8.9
500 - 07-iv =79 5 5 57 1.3
556 66-v  ~79 4 11 72 2.3
636 09-vi =79 4 5 50 0.9
3 14 06-vi -74 12 5 22 3.6
power Day 71 25-vii ~74 11 7 10 2.7
123 14-viii-74 6 6 16 7.7
187 24-ix -74 5 9 106 6.8
254 24-x  ~74 3 2 13 4.5
306 19-xi -74 7 10 232 3.6
361 G3-i -75 5 3 36 0.9
379 03-ii =75 6 6 28 0.5
380 03-1i -75 5 0 0 0
499 07-iv =75 3 2 2 .
555 6=y =75 5 8 25 0.9
c 305 19-xi -74 5 3 0.5
gg::‘sizi 360 03-i ~75 7 4 26 0.9
378 03-ii -75 6 1 -
498 07-iv =75 3 1 1 -
554 06-v =75 4 7 56 2.7
o 6 04-vi =74 5 1
Raritan Bay 75 25-vii -74 6 1 7 -
130 21-viii-74 6 2 18 0.5
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Appendix Table § - continued

181

Date Depth # Total Total wt.
Area Station # Sampled {m) Species # {kg)
_D 189 24-ix =74 [ 8 1,441 3.5
A et 249 23-x  ~74 6 5 81
312 20-xi =74 5 g 65
385 g4-ii =75 6 3 18 .
495 02-iv =75 5 2 0.5
552 65-v =75 4 2 0.5
633 p3-vi =75 5 5 21 0.5
E 7 04-vi =74 6 2 1.4
gi’gegrgggr a 74 25-vii =74 7 2 -
Sheoal 128 21-viii=74 3 2 71 0.5
129 21-viii-T74 13 Q. 0 Q
184 23-ix =T4 8 8 610 3.6
196* 23-ix =74 7 9 30,371 57.6
240 22-% =74 & K 289 0.5
256* 22-x ~74 8 18 2,392 32.2
308 19-xi =74 6 8 37 2.7
363 031 -75 7 3 20
381 03-ii =75 7 3 22 i.
493 02=iv =75 6 3 49 2.
551 35-v -75 7 -2 13 1.
2 12 g6-vi =74 £ 1 -
;g::; gggal 73  25-vii -74 6 2 -
122 li-viii-74 5 3 2.3
253 24-x ~-74 5 2 11
304 19-xi =74 5 3 23 2.3
359 03-i -75 7 6 27 1.8
377 g3-ii =75 5 2 17 0.5
491 0l-iv =75 5 2 5 1.8
§35 09-vi -75 5 4 16 0.



Appendix Takble 8 - continued

Date ¥ Total Total wt.
Area Station # Sampled Species (ko)
z 183 23-ix  -74 9 5 39 -
Lower Bay 239 22-x 74 9 5 4,714 2.7
256+ 22-x  -74 7 12 5,339 22,2
258+ 22-x =74 5 15 15,499 32.7
301 18-xi -74 8 9 71 1.8
320% 18-xi =74 8 18 945 53.5
373 31-1 =75 9 & 92 1.4
387+ 31-i =75 8 12 416 9.1
388% 31-i  -75 8 19 1,372 17.7
g 68 24-vii -74 10 26 11.3
Lower Bay 79% 24-vii -74 9 876 29.0
134 22-viii-74 9 5 3.6
238 22-x  -74 9 543 2.7
300 18-xi -74 9 13 102 2.3
368 06-i -75 3 3 26 0.5
374 31-1 =75 g 6 524 12,2
494 02-iv ~74 6 4 11 0.5
550 05-v  -75 8 5 14 1.8
566* g5-v =75 9 1l 211 17.7
567* 05-v =75 8 13 456 76.2
o |
I 3 03-vi -74 7 3 48 1.8
g:;dY Hook 3 03-vi -74 7 3 9 0.5
17* 03-vi -74 7 18 2,859 106.6
18+* 03-vi -74 8 2,250 22.7
182 23-ix  -74 8 200 2.7
194+ 23-ix -74 7 1,865 11.8
195+ 23-ix ~74 8 545 17.2
237 22-x  -74 8 2 387 4.1
299 18-xi -~74 8 11 134 5.4
319+ 18-xi =74 8 14 590 23.6
372 31-i  -7% 3 3 35 0.5
386+ 3% -75 10 10 1,815 24.0



Appendix Table 8 - continued

Date Depth # Total Total wt.
Area Station # Sampled {m} Species ¥ (kg)
I 549 05-v =75 7 4 8 1.4
§:§dy Hook 565+ 05-v  ~75 8 11 181 18.1
{continued)
J 1 03-vi -74 8 4 5 4.5
Lower Bay 16% 03-vi =74 8 13 434 27.2
65 24-vii -74 9 3 16 8.2
133 22-viii-74 8 2 2 0.9
241 22-x =74 8 4 18 6.5
302 18-xi -74 7 9 45 0.5
367 06-i  -75 7 2 3l .5
182 02-ii =75 8 1 2 -
489 0l~iv =75 7 5 10 1.4
430 0l-iv -75 5 2 4
561 08-v  ~75 7 8 a7 9.5
P 11 06-vi ~-74 6 2 2 -
g?;ﬁisBaY 66 24-vii -74 8 4 13 22.7
Knoll 121+ 14-viii-74 5 0 o 0
186 24-ix =74 5 8 89 3.2
251 24-x  -74 5 4 83 0.5
303 19-xi =74 5 7 16 4.5
358 03-1 =75 7 5 35 2.3
376 03-ii -75 5 7 36 0.9
553 06-v  -75 5 4 34 -
634 09-vi -75 5 4 7 0.9
L 5 04-vi -74 5 0 0
Raritan Bay 131 21-viii-74 5 3 16
190 24-ix ~-74 5 5 238
248 23-x  -74 4 2 29 0.9
313 20-xi ~-74 5 5 27 1
370 09-i  -75 3 2 a 0.5
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Appendix Table 8 - centinued

Date Dewth Total Total wt.,
Area Station # Sampled (m) Species ¥ (kg
K 383 0d-ii -75 4 4 12 2.7
?§;;E§Eu22¥ 497 02-iv =75 " 1 73 0.5
557 06-v  ~75 4 7 55 4.1
632 03-vi =75 3 2 2 -
¥ 247 23-x  -74 4 3 25 0.9
Rarictan Bay . 3y, 20-xi  -74 5 9 36 3.2
371 09-i =75 2 8 68 2.3
384 04-ii =75 6 1 13 -
496 p2-iv -75 5 3 102 0.%
558 06-v =75 4 8 161 15.4
631 03-vi =75 4 & 17 1.4
3 4 03-vi -74 4 1
Raritan Bay 76 25-vii ~74 4 2 6
132 21-viii-T74 4 1
191 24-ix  ~74 3 4 30 .
246 23-x =74 3 6 64 4.5
315 20-xi  -74 4 7 45
559 06-v =75 3 7 47
630 03-vi ~75 3 5 37
n
Sandy Hook 8 0d4-vi -74 5 1 2 -
Bay 62 23-vii ~74 5 s 18 1.4
67 24-vii -74 5 5 21 11.3
77% 24-vii -74 8 19 55 931.9
135 22-viii-T74 5 2 2 0.5
193 25-ix =74 6 8 74 3.2
245 23-x  -74 3 3 485 9.5
309 19-xi -74 5 12 54 9.9
369 C6~i~ -75 7 3 25 0.5
529 03-vi =75 5 9 57 2.3
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Appendix Table 8 - continued

Date Depth # Total Total wt.
Area Station # Sampled (m) Species $ (kg)
P

Sandy Hook 70 24=-vii =74 7 46 14.5

Bay 126 15-viii-74 5 33 -
242 23-x  -74 6 13 141 15.0
244 23-x =74 6 50 5.4
310 19-x1 =74 5 11 71 5.4
318+% 18-xi =74 8 18 533 13.1
366 06-i -75 7 6 117 2.7
375 03-ii =75 6 2 195 9.5

488 0l-iv =75 6 3 4 -
560 06-v =75 5 9 58 10.4
628 03-vi -75 7 10 116 3.2

2

Sandy Hook 16 Qd-vi =74 6 3 27 3.2
Bay 64 23-vii -74 7 2 3 1.4
136 23-viii-74 7 6 116 7.3
311 19-xi -74 8 9 105 6.4
365 06=i =75 7 6 137 2.7
486* pl-iv =75 7 5 21 3.2
487 oi-iv -75. 1l 7 14 1.8
562 08-v  -75 7 5 78 14.5
A 3 04-vi -74 5 7 22 2.7
g:;dy Hook 63 23-vii =74 8 6 85 9.1
78+ 24-vii -74 7 7 205 44.0

125 15-viii-74 5 2 3 -
185 23-ix -74 g 6 22 8.2
192 25-ix  -74 5 9 198 3.6
243 23-x  -74 6 6 42 5.0
316 20-xi -74 6 9 135 9.5
563 08-v =75 5 4 127 17.7

185



Appendix Table 8 (continued)

Date Depth ¥ Total Total wt.
Area Station # Sampled {m) Species ¥ kg)
5 69 24-vii -74 7 4 11 5.0
gz;dy Hook 124 15-viii-T4 6 4 39 0.5
250 24-x  -74 5 5 21 0.9
317 20-%i =74 6 5 46 5.9
364 g6-1  ~75 6 7 73 4.5
492 82-iv  -75 5 2 2 -
564 08-v =75 5 8 85 7.3
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Appendix Table 9.
Lower Bay Complex during
including number of fish

1374-75 survey.
and weight in kg.

An asterisk {*}

List of fish species reported by Wilk et al,
Data compiled by month and area found,
indicates < 0.5 kg,

(197

7

i

n the

Mugtelus cantisg 1574
Squalua azantatas 1974
Raja erirnacea 1974
Tonger cceanicug 1974

1975
Alosa aestivalils 1974

1975
Alosa medioceris 1974
Alosa 1974

raeudoharengus
1975

Aloen sapidissima 1974

1975

Jul{d: 2;1.4 B: 2;1.4 H: 2:0.9, 5;3.6 7: 12;5.0
K: 5;3.6 0: 31:;39.5 R: l;1.4)
Rug{B: 3:2.7)
Nov(B: 1;0.9 ¥: 1:1.4)
Jun{l: 3;14.5)
Jul{F: 106:;50.8) Note: these totals > than station
- totals
Nov{l: 1;*)
Apri{gd: 1;0.5%5)
Jun(M: l1;* P:'1:0.5)
Jun(Z: 140;0.9, 1,032;6.8 J: 300;2.3)
Oet(E: 1;* &3 29:0.5)
Nov(B: 3:* FE: 1;% &3 5;*%, 80;15.1 H: 6;*% I: 367;7.3
J: ls* L3 9;% M: 3;% Np 9;* O: l;* P: 138:5.9)
Jan(d: l;* B: 2;* (= 1;* : 19;0.9 & 67;0.5
H: 26:%, 83;% I: 2;0.5 J: 22;0.5 K: 1;* P: 26:;0.5
gr 41:0.5 S: 10;%)
Feb(5:; l;* D: 1S5;* &: 15;0.5 X: l:* pP: 31;%)
Apr(A: 43;0.5 D: 2;* £: 31;0.9 H: T;* [s 70;0.5
M: 87;0.9 P: 2:;%)
May(d: l0;* B: 2;* C: 35:* Dz 3;* #: 4;*, 3;1.9
T: 9;1.8 J: L:* K2 3;% L: 23% 351 10;%}
Jun{b: 2;* L: l:;* Nz 1;* ¢: l;* P: 1;*}
Jun{rI: 2:0.5)
Juni{l: 328;42.6 J; 40;0.9)
Qct(D: 1l:* E: 9:;0.5 71 B;05, 1;% H:z 4:* V: 2: %)
Novi(Z: 140:1.8 &: 2:;*, 4;* H: 34;0.9 1: 24;0.9
L: B:% M: Tev ms 4% 0z 1;* 3: 28:1.4 5: 1;%)
Jan(d: l3* Bs; 6;* E: 3;* (s 18;0.5, 281l:;3.2,
1,203:10.0 4: 12;%, 189;9.5 TI: 23:05,
1,634:15.9 J: 3:* Kr 23;0.9 L 3;* M: 21;0.5
g: 9% P2019;0.5 F: 20;0.5 5: 21:0.5)
Peb({B: 20;% D: l;* X: 1;* L: 1:* M: 13;% P: 111;2.7)
Apr(d: l0:* £: 17;0.% &z 2;* J3 Li* L@ li* Mo 4;*
: Iy* g:r 3;0.9, 2;0.3)
May(d: 10;*% H#: 22:1.4, 16:0.9 I: 15;0.9 J: 2;% L: 3;*
Mr 3p* Y lp* P: 2;% 5@ 6;%)
Jun{l: 1l;*, 6;0.5 J:1 7;%)
Oct(Z: L;*)
Novi{d4: 63* 3: 10;% o: 1l;* 3: 24;0.5, 70:1.8
T: B3®, 23;%¢ J: 1;*  M: Zy® N: Li* 2 7%
P: 3;%, 10;* AF: 1;%*)
Jan(B: 5;* L: 15;% F: 2;% 3+ 2;*%, 117;1.4, 33;0.5
H: 6;%, 56;0.9 I: 7:*, 48;0.,9 J: 6;* H: 5;%
M: a4;* (¢: 13;* F: 80:;0.9 F£: 50;0.5 5: 25:0.5)
Feb(3: l;* P: l2;%)
Mayids: 8;* 35: 2;* (3 1;* #: 2:%, 1:;0.5 K: 2:;%*
L Lp® M1 2:* ¥ ;% 2y 1;* 51 2;%)
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appendix Tazble 9 - continued

Srevoorntia
turannnea

Clupes harenjus
harengus

Anchoa Mepsetuay

Anahoa mitah{ll<

Sngraulls
2urystale

Jynodus fretans

Lopatugd amerisanus

"

1574

1975

1274
1975

1974
1975

1974

1974

1275
1974
1974

Jun{3:

D
Sul(S:
Qct({&:
How(s:

M
Jan(f:

M:
Feb(2:
Apri{l:
May(4:
Sun {

o
2
P

Junts
Jan (4 :
He
f2
Feb(R:
o
Apr(4d:
May (B:
Jun{y:

Aug (4
May (F:

Jun(3;
K
Jul(p:
=k
Aug(&;
i
Sepld:

P
OctiE:
Nowv(d:

2; 0.5 I: 1;%, l:*, 36:;7.3, 2:0.5 J: 4:;0.5
2;* g 1:r Z: 4;0.5)

1:%)

15;0.5 ¢ 1p* I: 2;%, 4;0.9 $: 1:%)
1:0.5, 2;% ¥: 6:0.85 I: l:% L. 3;0.5  M;
3;* P 11:3.2 I: 2:0.5)

2;%* G 1l;*, 2:* H: 246:1.4 I3 5;0.35, 27;
1p* 92 2;% o Tph 5: 1%

d:* Fy 1;% g 2:% Py 15:0.5)

%)

;% 35 1;* C: Z;* gy 1:;* T 4:0.9)

Zp* Li 1% M 70,9 F¥: l;1.4 O; 4:0.9
1;%)

L;* I: 4;0.5, 70;19.1)

3:0.9 F: 3;0.9 3: 2;0.5, 8;1.8, 15:3.6
2;0.5 K: S5;l.4 I: 1;0.5 M: 1:0.%5 o: 1:0
3;0.9 Q3: 1;0.5 £: 10;3.2) -

le* D: 2;* F: 6;1.4 F: 1;0.5 K: 2:0.5
9;2.7 Fr 24:;6.4)

2;0.5 D: I;* E: 1;0.5 £: 3:;0.9 8: 1:%)
1:* C: 5:0.9)

1:*)

1%}

2:%)

i;* I: 2,080:9.1, 1,152:6.8 4: 104;0.5
I R: 1%

Ti® E: 1;% F: 2;%  g: g%, 840:3.2

Lp*, 2:* 3: 164;G.9)

2p* Dy 17:;* J: Lli* L 13;% P: 31;%
98:0.5 F: 144:* &: 35;%)

980:6.4 F: 192:1.4 Do: 1,428:4.1 £: 67;0.
592; 2.3 4y 29;* i 152;0.9, 1,768;7.7
1;% 0: 228;1.4 ¥: L17:% Q: 44:%)
2,046;10.0 ~: 4,580;1.4, 15,364;20.9)

1;* EZ: B;* 2. 208:;0.5 H: 8:* I: 30:0.5
263% L1 drt Lo o d;r iy 31 N: 20:% o
28;*, 30;9.5 F: 4:* 52 2;%)

1;%,

1;%)

2;%)

30,3067;41.7 [: 152:0.5)

20:% Ty ZBOp*  f: lO:* 5. 5,200:11.3 F
312:1.4 2 12;%  Zs Edp*  Lr 23:% M: lg;x
2:* 0+ 4B0;*  Z: 3;%,

1;*)

1:%)

1;10.4)

148
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Appendix Table ¢ - continued

Marluceius 1974 Juni{l: 69;3.2}
bilinearis Mov(s: 46;* (: 2¢ D: 3;% E: By G:2;%, 5;*
H: 10;*% I: 1d;%, 4l;% X: Lp* P; 1;*, 27;*
g1 1l:™ Fy 1Og* 51 1:%)
1375 Jan(4: 1l:* 3: 9:;0.5 F:z Ll;* G: 28:%, ;% HF: 5:*
I: 15;0.5 HM: 2:%)
Feb(8: 1;* L: 1;%)
Apr(B: 1;* 4 3;09 Py 1:* g: 6:1.8, Llrd)
May(d: 1;* 2; 1:;* F; l;* H: 5;1.4, 17:;3.6 I: 7;1.4
J: B8:)2.3 L: 6:;1.8 M: 33:6.8 N: 4;%, 121:;29.5
P: 10;2.7 @: 12;2.3 R: 6;2.3 8: 2;%)
rophyeis chuss 1974 Jun{f: 1;* I: 42;2.3)
Jul{d: 1;* 23 1;* H: 1:%, 1:% s 2:%)
Oct{B: 1:*)
Nov(B: 3:* &1 L:*¥ H: Ll;* I3 L;* J: 2:;%*
Pz Li*, 4% &: 4;%)
1975 Jan(B: B:* F: L;*, T:%, 5;% I: 6;0.5)
Feb(X: 1;* P:1 1l;*)
Apr(#: L;* J: l;* q: 9:;0.5, 3;%)
May(8: 4;* Ds; 2;%* FE: 12;1.4 H: 3;*, 147;9.1, 214:25.4
T: 2:%, 133:9.1 J: 23:5.0 L: 39:1.8 M: 116:7.7
N: 24:;0.9 P: 25;1.8 @ 34;5.4 R: 106:;13.2
S: 50:5.0)
Jun{d: 21;* M: 4:%)
Urophyots regius 1974 Juni{fs 3;* R: 2:%}
Jul{o: 1:*)
HWovi(d: 2;:% F: ld;* p: 23;* E; 1:% (G:3;% I: 1;*
Ke 1;* Mz l;* O: 63* P: 4;%, 2:% R 20:*)
1975 Jani{B: 2:% 5: 4;% T: T:0.5)
Apr{g: 1;* S5: l;*)}
May(d: 18;% M: 1;* #: 2;%)
JuniM: 1;* C: 3% P: L;™)
Yrophyets tanuils 1975 Jun{M: 1;% N: 20;* Q: 33;* P: 2:%*)
Menidia menidia 1974 Oct(3: 2:% Z: Ll;*, 1:;* 5: 6:;%)
Movi{d: l;* 5: S;% D l;* FE: 3;% G5z 24;%, 320;1.8
Iy 1%, 7% J: 2:% X¥= F:% M. 1l.% (1 2:%
P: 1;*%, la;* R: 1:i%)
1975 Jan(ds 1:;* i 2;% DP: 3% S 3:3%)
May(d: ld4;* B: 12;* C: 6;% H: 13* It L;* J: 5;*
Ke 28;% P: 1% Q: 1:% 51 5:;%)
Junf{i: 12;*% D: 12;% F: 2;%, 9;% 0: 2;% 2: 78;%*}

Fastersereud 1975 Jani{M: 1;*}
geuleatus

[}

poz
gred

*

w e
o+ £

mous 1974 Sepil: 1;*)
e Dot(d: 1;% K:l;* S:l;%)
1975 May(L: 1:%)

18%



&ppendix Table 9 - continued

Jangnathus Fusouz 1974 Sep(G:
Cct(f:
Hov(D:
Apr(3;
May (H:

1375

Mszrone amerioana 1974 Nov(#4:

Warone aaxatilis 1974 Jun(r:
Jul (4;
Qct{f:
1875 Mav(rl:
Zentrnopriszig 1974

striata

Sepi{Z:
Oct(r:
1975 Jun{o:
1974 Jun{l:
Jul{z:

O
Aug(D:
Sap(8:

N:
Qet(E:
Nov {z7:

Fomatomus
saltatris

Vomer gztapinnis 1974 Sep(F:

Octi(l:
1974

Irthorriatis Oct(7:

shrysoptera

1974 Jun(I:
Jul (#:
Sepld:
Oct{PF:
Now{[:
Jun(F:

Stenctomua
cArLsora

1975
1974 Qct{f:
Nov{P:
1974 JuniJ:
Jul (#:

i)

8:* 73 2;%, 2:% d: 1;%)

Ly* Jp 103* P: Bi¥*)

1;*1 l:*)

I3p% Iz 2% M: 1)

1;%}

1:2.7 J: 8:17.2)

1;0.9 3: 1:;0.9 0©0: 1;1.8)

1;1.4 Z: 1:;5.4)

i)

L;* &: 4;3%)

1;:%)}

1;%)

3;%, ;5.0 J: 1;2.3, 2;%)

L:* H: 6;3.86, 2;0.5 J: 1;* K: 2:0.5
1;5.0, 10;4.1 g: 1;* R: 10;2.3)

1;0.5 H: 1:0.5 J: 1;0.9 @Q: 6:0.5 S: 2:%)
2;%  D: 1;3.6 i 13;1.4, 24:;1.4, 42:5.9
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Appendix Table 9 - continued

feiogtaomus 1974 Sep(r: 1:*%, 5;0.5, 8:0.9 R: Ll;*}
zantaurus Qot{F: 2;* P: 3;*%)
Nov{I: 1;#%)
Merntrieirrhus 1974 Sep(B: 1:* F: Y:% g;% Kx: 1;* 5: 3:% N: 9:0.5)
aaxatilis Oct(2: 1:*)
Mionopogon 1974 Sep(I: 1;%)
undulatus Oct(P: 1;%*)
Chaetodon ocellatus 1974 Sep(E: 1;%*)
Tawtoza onitis 1974 Jun{f: 1;1.4 TI: 1:3.2)
Jul(P: 1;%)
Aug(f: 1;1.4 5: 1;%)
Octfd: 12r4.5 E: 1:0.5 Z: ;% 2;1.8)
Novid: 1;* F: 2;0.9 P: 1™
1975 Jan{Z: 2:0.5)
May(4: 2;0.5 (C: 1:;0.9 H: 9;11.8 1©: 3;3.2
J: 3:1.4 P: 1:;2.3)
Tautogolabrus 1974 Qetf{d: 1;#%)
adspersus Nov{F: 20;1.4)
Hugil curema 1974 Sep{R: 1:%*)
Agtroscoprus 1974 Cet(Ds Ll;* o 1;*, 1;% H: 1;% P: 1;%)
Futtatus
Pholia yunnellus 1974 Sep(E: 2;*)

Qet{r: 4;%)

1975 Jan(J: 2;%)

dmmzdytes 1974 octiB: 1:
amepriegnug Nov({kK: 1;
1975 Jan(4: 21

1;

Fcomben szombrusg 1974 Jun{r: 1l;*)

Perrilus 1974 Jun{(I: 46;
trigeanthue R:

PR
L
ALY L

ity O Omin oo

1975 May(4:

"
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Frionotus

z2arectnus

Prionotus evolans

Myorocerhalus
aegnagus

Myoxoeephalue
cetodecemsrinosus
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F30PPLus
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Parzlisatayas
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1975

1974
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1974
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1974

1975
1974

1974

Jul (H:
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May (f;:
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Sep(f:
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.

Nov (7
Jan(3:
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Sep(8:
T

Qe {f:
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;% Fr o lp®  Z: 5;%  I: 3;%)
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9:;10.0, 3;3.2 J« 4:3,2 R: 2;0.9)
l;* Bi 1l:* 2: 8;5.9 ¥: 1:;0.9
1:6.5, 5;3.2, 4;5.0 P: 12;8.2 g2 2;1.4
12;2.7 &: 3:4.1)

T:5.0 F: 3;2.3 H: 1:0.5 g: 1:0.5)
4:2.7 5: 2;1.8 F; 1;0.9, 21;14.5
2;1.4, 7:5.4 X: 2;0.9 2: 6:;5.4 R: 1:0.5
20:1.8 F: 4:;0.5, Li;* &% 3;% I: 1;*
3:% A; 1;%)

1:% F: 6% H: l3x Dy 2:%)

1;*)

1;%, 2;%)

1:;0.5 F: 1;0.5)

2;* X: 2:0.9 J: 2:0.9 F: 2:0.9)
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