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2.0 EXISTING ENVIRONMENT 
 
2.1 CLIMATE 
 
The sum of the meteorological phenomena which characterize the average condition of an area’s 
atmosphere can be described as the climate. The factors that define the climate of an area include the 
spatial and temporal characteristics associated with temperature, humidity, rainfall, winds, and pressure 
of the atmosphere (Smock 1888). New Jersey’s location lies approximately at the midpoint within the 
middle latitudes (60°N and 30°N). This geographical position allows the region to experience atmospheric 
and climatic variations throughout the year; including all four seasons and daily weather that is highly 
variable and influenced by wet, dry, hot, and cold airstreams (Hammer 2006; SNJ 2007). The climate of 
the Study Area is characteristic of a coastal climate with continental and oceanic influences. Due to New 
Jersey’s location proximal to the Atlantic Ocean, with its high heat capacity, the coastal region is less 
prone to rapid temperature changes and extremes. During the standard seasonal definitions of fall and 
early winter, sea surface temperature (SST) is higher than the terrestrial temperatures resulting in 
mediated coastal temperatures (Ludlum 1983; Hammer 2006). In fall and early winter, the coastal climate 
of the Study Area experiences warmer temperatures than interior regions of the state because the ocean 
is warmer than the continental region. In spring, the coastal climate of the Study Area will experience 
cooler temperatures than the interior regions of the state due to local ocean breezes (see Section 2.1.3 
for a discussion of the winds of the Study Area; Ludlum 1983; Hammer 2006). 
 
Several studies have been conducted to investigate significant contemporaneous associations of SSTs 
and the climate. It has been speculated that historic atmospheric and oceanic data can be used to 
forecast (for periods of months or longer) surface air temperature or precipitation (Harnack et al. 2005) 
and that a lag between a change in SST and a resultant change in climate exists (Hartley and Robinson 
1999). Creilson et al. (2001) suggested that the climate of the Study Area may be influenced by the 
tropical SST anomalies associated with the El Niño-Southern Oscillation (ENSO; a large-scale climatic 
fluctuation of the tropical Pacific Ocean). Creilson et al. (2001) found that between the years of 1896 and 
1995, a higher North Atlantic Oscillation (NAO; a large-scale fluctuation in atmospheric pressure between 
the subtropical high pressure system located near the Azores in the Atlantic Ocean and the sub-polar low 
pressure system near Iceland) index corresponded with warmer SSTs in the Northeast region during 
winter (see Section 2.1.6 for a more in depth discussion of the NAO). A positive winter NAO is associated 
with a zonal jet stream centered over the 40°N latitude, thereby reducing the flow of Arctic air into the 
Northeast and offshore waters. Similarly, a negative winter Southern Oscillation Index (SOI), as 
associated with an El Niño event, will produce a comparable zonal atmospheric circulation causing 
pronounced temperature and precipitation anomalies (Creilson et al. 2001).  
 
The climate of the Study Area can be heavily influenced by the barometric characteristics associated with 
the passage of low pressures, high pressures, or storm centers. In the winter, low barometric pressures 
(cyclonic) are accompanied by precipitation and an increase in temperature; whereas, in the summer, the 
low pressures bring lower temperatures and precipitation. Conversely, high barometric pressures (anti-
cyclonic) are characterized by the reverse conditions; in the winter, high pressures bring lower 
temperatures and in summer, high pressures bring elevated temperatures (Smock 1888). 
 
The humidity of the atmosphere of the Study Area is subject to continual change and is modified as a 
function of several processes including the direction of the prevailing winds and the temperature. In 
general, the humidity is greater near the coastal and the southern part of the state than in the inland 
areas and northern regions of the state. The average humidity is greatest from June to September with 
August having the highest percentage; spring and winter have relatively less humidity (Smock 1888). 
 
Sea Surface Temperature Defined Seasons 
 
Seasons were defined for the Study Area by calculating the median changes of SST over a three year 
period. Calculations were based on three years (01 January 2007 to 31 December 2009) of SST data 
derived from the National Aeronautics and Space Administration (NASA), Moderate Resolution Imaging 
Spectroradiometer (MODIS), Level 3 data that was collected on board the Aqua Earth Observing System 
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satellite. This data was post processed by the Rutgers Coastal Ocean Observation Lab and was originally 
supplied by the NASA Goddard Earth Sciences Data and Information Services Center (NASA 2010). 
Winter and summer are defined as the time periods when the change in SST is less than the median 
change, and winter is distinguished from summer by comparing the SST of each sampled day against the 
mean SST of all sampled days (i.e., the SST of days in winter will be less than the mean SST, and the 
SST of days in summer will be greater than the mean SST). Spring and fall are defined as the time 
periods when the change in SST is greater than the median change, and spring is distinguished from fall 
by comparing the sign of change between each sampled day on the curve (i.e., in spring the SST is 
increasing and in fall the SST is decreasing, so the sign of a value in spring is positive while the sign of a 
value in fall is negative). The resulting seasons that are used in the modeling and discussions of 
oceanography of this report are defined as winter (18 December through 09 April), spring (10 April 
through 21 June), summer (22 June through 27 September), and fall (28 September through 17 
December). Although some seasons may be shorter or longer than the standard seasonal definitions, the 
intuitive meaning for each of the seasons still applies. That is, winter and summer are still the times of 
year with the lowest and highest temperatures, respectively, while spring and fall represent transitional 
periods between the two temperature extremes. 
 
2.1.1 Air Temperature 
 
The Study Area is characterized by mild seasons and storms which bring precipitation (rain and snow) to 
the region; the mild seasons are influenced by sea winds that reduce both the range and mean 
temperature while providing humidity. Offshore of the Study Area, the influence of the Gulf Stream 
appears to provide a moderating influence on the Study Area. The proximity of the Gulf Stream tends to 
raise the average temperature of the Study Area during winter by approximately 8 to 10 degrees 
Fahrenheit (°F; 4 to 6 degrees Celsius [°C]) in relation to inland New Jersey; in summer, the average 
temperature of the Study Area is decreased due to a cold current running southward between the coast 
and Gulf Stream. This decrease in average temperature during summer, however, is tempered by warm 
inland air being carried seaward by the prevalent westerly winds. Winds from the southeast quarter of the 
state tend to have a warming affect as a result of the Gulf Stream; winds from the south tend to have a 
cooling affect due to the influence of the colder shore current. Southern New Jersey (Cape May) tends to 
have 2° to 3°C (4° to 5°F) warmer temperatures in winter and less extreme temperatures than northern 
New Jersey (Barnegat and Atlantic City; Smock 1888); however, in southern New Jersey, it is not unusual 
for the combination of humid conditions and high temperatures to bring extreme summer heat conditions 
(SNJ 2007). Along the coast of New Jersey, the average number of freeze days per year is 217, a much 
smaller number than that for inland New Jersey (342 days; Hammer 2006). Figure 2-1 shows a long term 
record of mean annual air temperatures for New Jersey from 1895 through 2009. Over the entire record, 
mean annual air temperature has increased from 11.0°C (51.8°F) between 1895 and 1970 to 11.5°C 
(52.7°F) between 1971 and 2000 to 12.1°C (53.8°F) between 2001 and 2009.1 
 
Air temperature data were collected from the Office of the New Jersey State Climatologist, Rutgers 
University.2,3 These data were averaged for annual, seasonal, and monthly means for the vicinity 
adjacent to the Study Area, the southern and coastal areas of New Jersey, between 1895 through 2010. 
Figure 2-2 provides a graphical depiction of these mean air temperatures. 
 
The annual mean air temperature was 11.78°C (53.20°F). The mean seasonal temperature ranged from 
3.64°C (38.56°F) in winter to 21.58°C (70.85°F) in summer with the lowest average temperatures in 
January (0.28°C [32.50°F]) and highest averages in July (23.61°C [74.50°F]). The greatest mean monthly 
temperature change occurred from October to November (a decrease of 5.75°C [10.35°F]) while the 
smallest change occurred from January to February (an increase of 0.25°C [0.45°F]). The largest mean 
rise in temperature occurred from April to May (an increase of 5.6°C [10.1°F]) and the largest mean 
temperature decline occurred from October to November (a decrease of 5.75°C [10.35°F]). 
 
Figure 2-3 provides the mean seasonal air temperature for the Study Area. The figure was developed 
based on air temperature data from the NOAA National Operational Model Archive & Distribution System 
(NOMADS) service. Air temperature data were downloaded for the year of 2008 from rolling archives of 1-
hr interval data (MARCOOS 2008). Data were interpolated between 500 and 600 lat-lon points evenly 
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spaced throughout the shown map extent. Air temperatures were averaged over seasons: winter (18 
December through 09 April), spring (10 April through 21 June), summer (22 June through 27 September), 
and fall (28 September through 17 December). 
 
 

 
 

Figure 2-1. The mean annual air temperatures for the State of New Jersey between 1895 and 2009.1 
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Figure 2-2. The mean monthly temperatures derived from climate tables for the combined 
southern and coastal area of New Jersey, adjacent to the Study area for the years 1895 to 2010.2,3 



JULY 2010 NJDEP EBS FINAL REPORT: VOLUME I 

2-4 

 
 

Figure 2-3. Mean seasonal air temperature (°C) in the Study Area during 2008. Source information: 
MARCOOS (2008). 
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2.1.2 Precipitation 
 
Precipitation is necessary for sustaining ecosystem health and the spatial and temporal characteristics of 
precipitation can be affected by climate change. In particular, too little precipitation is manifested by 
drought while too much precipitation can result in widespread flooding (Ludlum 1983). The average total 
precipitation (rain or snow) for an area is a function of many different variables, including an area’s 
position on the earth’s surface, prevailing winds, influence of storms, topography, in addition to other 
factors. For New Jersey, a large portion of the annual precipitation comes with the passage of storms. In 
colder months (approximately December through March), precipitation largely falls as snow; however, for 
the Study Area and coastal areas of New Jersey, precipitation more commonly occurs in the form of rain. 
In the warmer months, thunderstorms (short term storms) and cyclonic storms (relatively longer term 
storms) provide a large portion of the annual rainfall, especially during the months of July, August, and 
September. In general for the State of New Jersey, more precipitation falls in the southern regions than 
northern regions of the state; that trend is especially apparent in the summer months (Smock 1888). 
Figure 2-4 shows a long term record of mean annual precipitation for New Jersey from 1895 through 
2009. Although highly variable, mean annual precipitation has increased from 111.40 centimeters (cm; 
43.86 inches [in.]) between 1895 and 1970 to 119.9 cm (47.2 in.) between 1971 and 2000 to 124.18 cm 
(48.89 in.) between 2001 and 2009.4 
 
 

 
 

Figure 2-4. The mean annual precipitation for the State of New Jersey between 1895 and 2009.4  
 
 
Figure 2-5 provides the mean seasonal precipitation for the Study Area. The figure was developed based 
on precipitation data from the NOAA NOMADS service. Precipitation data were downloaded for the year 
of 2006 from rolling archives of 6-hr interval data (MARCOOS 2006). Data were interpolated between 500 
and 600 lat-lon points evenly spaced throughout the shown map extent. Precipitation data were averaged 
over seasons: winter (18 December through 09 April), spring (10 April through 21 June), summer (22 
June through 27 September), and fall (28 September through 17 December). 
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Figure 2-5. Mean seasonal precipitation (milliliters per square meter per second [mL/m2/s]) in the 
Study Area during 2006. Source information: MARCOOS (2006). 
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Several scientists have studied the correlations between SSTs and climate variability on the east coast of 
the U.S. For the years between 1896 and 1995, Creison et al. (2001) suggested contemporaneous and 
lagged correlations between the SSTs and precipitation of the Study Area for all seasons. Both Hartley 
and Robinson (1999) and Creilson et al. (2001) found that a positive NAO index, in conjunction with 
active ENSO, resulted in warmer than normal winter SSTs, which in turn caused greater winter and spring 
precipitation for the Study Area. In addition, it was suggested that with the arrival of spring, increases in 
SSTs may result in stronger storms and increased precipitation along the northeast coastal U.S. (Creilson 
et al. 2001). Hartley and Robinson (1999) found that increased winter snow along the northeastern U.S. 
coast may be influenced by lower than average SSTs during the preceding fall.  
 
Precipitation data were collected from the Office of the New Jersey State Climatologist, Rutgers 
University.5,6 These data were averaged for annual, seasonal, and monthly means for the vicinity 
adjacent to the Study Area, the southern and coastal areas of New Jersey, between 1895 through 2010. 
Figure 2-6 provides a graphical depiction of the mean monthly precipitation. 
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Figure 2-6. The mean monthly precipitation derived from the climate tables for the combined 
southern and coastal area of New Jersey, adjacent to the Study Area for the years 1895 to 2010.5,6  
 
 
The mean annual precipitation (between the years of 1895 and 2010) for the combined southern and 
coastal regions of New Jersey is 109.91 cm (43.27 in.). The mean seasonal precipitation ranged from 
26.26 cm (10.34 in.) in spring to 44.96 cm (17.70 in.) in winter with the lowest average precipitation in 
February (8.10 cm [3.19 in.]) and highest averages in August (11.46 cm [4.51 in.]). The greatest mean 
monthly precipitation change occurred from August to September (a decrease of 2.57 cm [1.01 in.]) while 
the smallest change occurred from December to January (a decrease of 0.15 cm [0.06 in.]). The largest 
mean rise in precipitation occurred from June to July (an increase of 1.93 cm [0.76 in.]) and the largest 
mean precipitation decline occurred from August to September (a decrease of 2.57 cm [1.01 in.]).5,6 
 
Snowfall data were collected from the NOAA National Climatic Data Center (NCDC), for the monthly 
station climate summaries (Atlantic City) between 1971 and 2000 (NOAA 2004).7 These data were 
averaged for annual, seasonal, and monthly means for the Atlantic City, New Jersey station (Figure 2-7). 
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Figure 2-7. The mean monthly snowfall recorded from the climate tables for Atlantic City, New 
Jersey from 1971 to 2000 (NOAA 2004).7  
 
 
The mean annual snowfall (between the years of 1971 and 2000) for Atlantic City, New Jersey was 34.80 
cm (13.7 in.). The maximum average snowfall occurred in February (14.0 cm [5.5 in.]). The recorded 
average snowfall for January, February, March, April, November, and December was 12.2 cm (4.8 in.), 
14.0 cm (5.5 in.), 3.3 cm (1.3 in.), 0.8 cm (0.3 in.), 0.5 cm (0.2 in.), and 4.2 cm (1.6 in.), respectively. 
Trace amounts of snowfall (non-zero values of less than 1.27 cm [0.50 in.]; Whitehurst 2010) were 
recorded in May and October while no snowfall occurred from June through September (NOAA 2004).7 
For records examined between 1895 and 2008 and for all of southern New Jersey, periods of snowfall 
generally range from mid-November to mid-April with an annual average snowfall of 25.4 to 38.1 cm (10 
to 15 in.; Hammer 2006). 
 
For records examined by Hammer (2006) between 1895 and 2008 for coastal New Jersey, an annual 
average precipitation of 1.07 m (42.03 in.) was cited. The wettest time of year was June to August, with 
an average precipitation of 29.23 cm (11.51 in.; Robinson 2008b). Too much precipitation can result in 
flooding, with tropical cyclones and their remnants being responsible for some of the most extreme 
precipitation events in the vicinity of the Study Area (Abbey et al. 2001; Konrad 2001; Shuman et al. 
2001). On September 16, 1999, Hurricane Floyd produced very heavy rainfall and associated flooding in 
northern New Jersey with precipitation reports between 20.3 cm (8.0 in.) and 36.70 cm (14.45 in.) of rain 
(Cope 2001). Strong low pressure systems that move north/northeast between early winter and mid-
spring cause most of the extreme snowfall precipitation in the Study Area. Coastal flooding (the 
accumulation of water within a water body with overflow onto adjacent areas) is the major type of flooding 
that could occur in the vicinity of the Study Area. Beach erosion, damage to dunes, and tidal flooding 
impacts are all caused by coastal flooding. According to NOAA’s NCDC, the coastline of New Jersey has 
experienced 96 coastal flooding events out of a total 941 statewide floods between 1996 and 2007 (SNJ 
2007). 
 
Between 1895 and 2008, the driest time of the year for coastal New Jersey was September to November 
(Hammer 2006), with an average precipitation of 24.79 cm (9.76 in.; Robinson 2008a). Too little 
precipitation is manifested by drought, a period of drier than normal conditions that can reduce stream 
flows and the water levels in lakes and reservoirs (SNJ 2007). Historically, New Jersey has experienced 
several droughts with significant socioeconomic and environmental consequences (Ludlum 1983). In the 
108-year record from 1893 to 2003, the coastal area of New Jersey experienced 63 dry periods which 
lasted 10 months on average. Of the decades recorded, the 1900s, 1970s, and 1990s have been 
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relatively wet while the 1910s, 1930s, and 1960s have been relatively dry (Harnack and Small 2002; 
Harnack et al. 2005). 
 
2.1.3 Winds 
 
Atmospheric circulation at the middle latitudes over North America occurs predominantly west to east 
(“westerlies”). Westerlies that effect the Study Area exhibit variability in strength, pattern, and 
directionality (or meridional shifts, a shift of the winds to parallel a line of longitude) throughout the year 
(Glenn et al. 2004; Hammer 2006; Castelao et al. 2008a; Schofield et al. 2008). The summer season is 
influenced by a constant high-pressure system located off Bermuda (Bermuda High). Winds during the 
summer are typically from the southwest and flow parallel to the shore (“alongshore”); the persistence of 
wind events resulting from the Bermuda High can last up to a week (Glenn et al. 2004; Castelao et al. 
2008a; Schofield et al. 2008).  
 
Northwesterlies, winds from the northwest, flow perpendicular to the coast and are dominant in winter 
months. Spring and fall seasons experience varied alongshore wind currents from either the southwest or 
northeast. Northeasterlies are generally associated with offshore storms (i.e., nor’easters; Glenn et al. 
2004; Schofield et al. 2008). 
 
Onshore breezes (or “sea breezes”) are mesoscale wind pattern events that form perpendicular to the 
coast and directly influence local temperatures. Figure 2-8 illustrates the characteristics of a sea breeze. 
These onshore wind events can greatly influence the coastal climate and spread far inland (e.g., 64 km 
[40 mi]) under favorable conditions. Figure 2-9 shows the inland progression of a sea breeze front.  
 
 

 
 

Figure 2-8. Characteristics of a sea breeze. An onshore wind (i.e., a wind blowing from the water 
onto the land), or sea breeze, results from atmospheric changes induced by the differing heat 
capacities of land and water. Land heats up and cools down much more quickly than the ocean. 
When the ambient temperature is relatively high (e.g., during the spring and summer) the land, 
and thus the air which overlies it, heats up quickly. As the air over the land warms and rises, an 
area of low pressure is created in the lower portions of the atmosphere. This rising air creates an 
area of high pressure in the upper atmosphere. The opposite occurs over the water. The ocean 
absorbs and discharges heat at a much lower rate than land, so the air over the water remains 
cooler and denser than the air over land. This results in an area of low pressure in the upper 
atmosphere and high pressure in the lower atmosphere. As the masses of air in the lower 
atmosphere over land and water balance, the movement of the air from high pressure over the 
water to low pressure over the land creates a sea breeze. Source information: Abbs and Physick 
(1992) and Bowers (2004). 
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Figure 2-9. The inland progression of a sea breeze front. Map adapted from: Bowers (2004). 
 
 
Onshore breezes are caused by warm continental air rising and moving offshore while cooler oceanic air 
moves onshore (i.e., dense cool air displaces less dense warm air; Hammer 2006). Diurnal onshore 
breezes, along New Jersey, are typical during warm spring and summer days and result in cool 
temperatures along the coast (Hammer 2006; Hunter et al. 2007). 
 
2.1.4 Tides 
 
Tide is the name given to the alternate rise and fall of sea level (Thurman 1997), which is caused by the 
gravitational forces exerted simultaneously by the moon, sun, and earth, and the revolution about one 
another. Due to the modification from varying depths, sizes, and shapes of ocean basins and the 
difference in response locally to the semi-diurnal and diurnal force constituents and to their relative 
phases, there is a considerable variety among observed tides (Pond and Pickard 1983). The classification 
of tides in many parts of the world exhibits different patterns based on the distinguishing features. There 
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are diurnal tides (daily tides), semi-diurnal tides (twice daily), and mixed tides. For diurnal tides there is 
one high water and one low water in each lunar day (tidal period of about 24.8 hrs), while for the semi-
diurnal tides there are two high and two low waters in the same interval (tidal period of about 12.4 hours; 
Pond and Pickard 1983). Mixed tides have characteristics of both diurnal and semi-diurnal tides with 
successive high and/or low tides (with significantly different heights) along with diurnal periods for a few 
days per month (Thurman 1997). The Study Area experiences semi-diurnal tides with an average period 
of 12 hrs 25 min (Figure 2-10; Moody et al. 1984; McBride and Moslow 1991)8 and a maximum amplitude 
of about 10 to 15 centimeters per second (cm/s; 3.9 to 5.9 inches per second [in./s]). Over the New 
Jersey shelf, the semi-diurnal tides are oriented in the cross-shelf direction with a small, weaker diurnal 
component oriented in the along-shelf direction (Moody et al. 1984). 
 
Ocean tides vary in ways other than the relative components of diurnal and semi-diurnal forces. The 
range of the tide will increase to a maximum during spring tides. This maximum occurs when the sun and 
moon come into phase on the same side of the earth or both on opposite sides. The range of the tide will 
decrease to a minimum during neap tides. The minimum occurs when the sun and moon are nearest to 
90° to each other. Spring or neap tides occur at successive intervals of about 15 days (Pond and Pickard 
1983). Along the New Jersey coast, the spring tides reach a maximum range of approximately 2.0 m (6.6 
ft) and the neap tides reach a minimum range of approximately 1.0 m (3.3 ft; Byrnes et al. 2000). Tides 
are also modified as they travel up the mouths of river estuaries, progress up the estuaries, and 
sometimes up the rivers as well; however, there are variations of tide height as the tide wave penetrates 
up the estuary as a result of the change in width, change in depth, increased friction with the seabed, and 
river flow seaward (Pond and Pickard 1983). 
 
For the Study Area, information can be extrapolated from a single station in the Study Area because the 
same type of tide is often found for long distances along a coast. The tide record at this single station is 
sufficient in determining the type of tide for the whole region. The differences that can possibly be 
expected are in the relative phase and amplitude of the tide at other points in the region (McBride and 
Moslow 1991). The tides for Atlantic City, New Jersey should be representative of the Study Area; they 
are shown in Figure 2-11 for 01 January 2010.8 Mean station datum of water elevation for the Atlantic 
City, New Jersey station between 1983 and 2001 are listed in Table 2-1.8  
 
 
 

 
 

Figure 2-10. The predicted water level (WL; in feet) relative to the height of the mean lower-low 
water (MLLW) at the Atlantic City, New Jersey station for 24 Febuary 2010 and 26 February 2010.8 
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Figure 2-11. The predicted and observed water level (WL; in feet) relative to the Mean Tide Level 
(MTL) at the Atlantic City, New Jersey station for 01 January 2010.8 
 
 
 
Table 2-1. Mean water elevation station datum for the Atlantic City, New Jersey, Station 8534720 
between 1983 and 2001.8 
 
 

Atlantic City, New Jersey, Station 8534720 
Datum Value (ft) Description 

MHHW 9.56 Mean Higher-High Water 
MHW 9.14 Mean High Water 
DTL 7.26 Mean Diurnal Tide Level 
MTL 7.13 Mean Tide Level 
MSL 7.17 Mean Sea Level 
MLW 5.13 Mean Low Water 
MLLW 4.96 Mean Lower-Low Water 
GT 4.60 Great Diurnal Range 
MN 4.02 Mean Range of Tide 
DHQ 0.42 Mean Diurnal High Water Inequality 
DLQ 0.17 Mean Diurnal Low Water Inequality 

 
 
In addition, unusual rises of sea level may occur as a result of other forces besides exceptionally high 
tides. Storm surges are the result of the frictional stress of strong winds blowing toward land and pushing 
up the water against the land and can cause the water level to rise significantly (by as much as several 
meters). In the past, storm surges have caused severe flooding of low-lying areas (Pond and Pickard 
1983). 
 
2.1.5 Storms and Hurricanes 
 
Extratropical storms, including northeasters (“nor’easters”; FitzGerald et al. 2001; Hanson et al. 2007), are 
common in the Study Area from late fall to mid-spring (i.e., October to April). These storms bring high 
winds and heavy precipitation and have been known to cause significant damage including severe 
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flooding and shoreline erosion (e.g., Ash Wednesday storm of 1962, Presidents’ Day storm of 1979, 
Halloween storm of 1991, and December Nor'easter of 1992; Bosart and Lin 1984; Uccellini et al. 1984; 
Young et al. 1995; Sallenger 2000; Wu et al. 2002; Donnelly et al. 2004; Hammer 2006). Thunderstorms 
also may arise (most areas receive 25 to 30 thunderstorms per year), but they are less common near the 
coast than inland. New Jersey can also potentially experience tornadoes (approximately five tornadoes 
occur each year); however, they are generally few in number and weak (Hammer 2006). 
 
Tropical cyclones are non-frontal, low pressure, rotating storm systems originating over tropical waters 
and are essentially driven through heat transfer from the ocean. These systems include tropical 
depressions, tropical storms, and all hurricane categories and experience maximum sustained surface 
winds (averaged over 1 min) of less than 33 kts (38 miles per hour [mph]), between 34 kts and 63 kts (39 
mph and 73 mph), and at least 64 kts (74 mph), respectively respectively (Figure 2-12; Elsner and Kara 
1999; NOAA 2009b; NOAA/NWS 2010b). At least seven tropical cyclones (tropical storm designation for 
the New Jersey coastline, or higher) have impacted the Study Area between 1960 and 2008; Hurricane 
Donna (1960), Tropical Storm Doria (1971), Hurricane Belle (1976), Hurricane Gloria (1985), Hurricane 
Bob (1991), Tropical Storm Bertha (1996), Tropical Storm Floyd (1999), and Tropical Storm Hanna 
(2008). The average maximum sustained surface winds for all events were 32 kts (37 mph) with average 
gusts of 50 kts (56 mph; Dunn 1961; Simpson and Hope 1972; Ho et al. 1976; Lawrence 1977; Case 
1986; Pasch and Avila 1992, 1999; Lawrence et al. 2001; Brown and Kimberlain 2009).  
 
Hurricanes that travel along the coastline of the eastern U.S. have the potential to impact the Study Area 
with high winds, severe flooding, and substantial damage (Donnelly et al. 2004). Although the official 
Atlantic hurricane season begins 01 June and ends 30 November, most hurricane events generally occur 
from mid August to late October (Landsea 1993; Landsea et al. 1998; NOAA/NWS 2010b) with the 
majority of all events occurring in September (Figure 2-13; Landsea 1993; Landsea et al. 1998). 
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Figure 2-12. The total number of storm events (extratropical storms, subtropical depressions and 
storms, tropical depressions and storms, and hurricanes [all categories]) within 148 km (80 NM) of 
the southern coast and 145 NM (167 mi) of the northern New Jersey coast from 1851 to 2008 
(NOAA 2009a). Years in which no storm events were recorded are represented as zero. 
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Figure 2-13. The total number of North Atlantic basin tropical storm and hurricane events per 
month for all years from 1851 to 2006 (McAdie et al. 2009). 
 
 
Historically, hurricanes (all categories) have occurred within 80 NM (92 mi) of the southern coast and 145 
NM (167 mi) of the northern New Jersey coast, on average, every 3.8 years. Intense or major hurricanes 
are those reaching category three or higher (wind speeds of 96 kts [111 mph] or more) on the 
Saffir/Simpson Hurricane Scale (Lehtola and Brown 1998). Nine intense hurricanes tracked within 80 NM 
(92 mi) of the southern coast and 145 NM (167 mi) of the northern New Jersey coast between 1851 and 
2008: no name (1869), no name (1887), no name (1938), Hurricane Able (1950), Hurricane Edna (1954), 
Hurricane Daisy (1958), Hurricane Esther (1961), Hurricane Gerda (1969), and Hurricane Bob (1991; 
NOAA 2009a); the naming of hurricanes began in the 1950s.9  
 
The rate of recurrence for a certain category of hurricane, expected within 75 NM (86 mi) of a given 
location, each 100 years, is referred to as the hurricane return period (NOAA 2009b). The return periods 
for the region encompassing the Study Area are given in Table 2-2 (Neumann 2001e, 2001d, 2001c, 
2001b, 2001a). 
 
 
 
Table 2-2. Hurricane rate of recurrence for the Study Area. A category 1 hurricane has winds from 
64 to 82 kts (74 to 95 mph), category 2 from 83 to 95 kts (96 to 110 mph), category 3 from 96 to 113 
kts (111 to 130 mph), category 4 from 114 to 135 kts (131 to 155 mph), and a category 5 hurricane 
has winds greater than 135 kts (155 mph; Lehtola and Brown 1998; NOAA 2009b) 
 
 

Hurricane Rate of Recurrence 
Hurricane Category Return Period (Years) Number Expected Every 100 Years 

1 22 4.5 
2 50 2 
3 87 1.15 
4 190 0.53 
5 480 0.21 
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The occurrence of intense hurricanes making U.S. landfall decreases during El Niño years and increases 
during non-El Niño years (i.e., La Niña and neutral years; Gray 1984; Pielke and Landsea 1999). In fact, 
Gray (1984) identified a three-to-one ratio of intense hurricane landfall strikes; 0.74 per year for non-El 
Niño years and 0.25 per year during El Niño events (Gray 1984). According to the Japan Meteorological 
Agency (JMA), El Niño, or Warm Phase, events occur when the five-month running average of sea 
surface temperature varies more than 0.5°C for at least six consecutive months (starting before 
September and running through December) in the eastern tropical Pacific Ocean (from 4°N to 4° South 
[S] and 150°W to 90°W). In contrast, La Niña, or Cold Phase, events are when the running average of 
SST is 0.5°C below the mean from before September through December. Furthermore, years are termed 
neutral if the SST index is not more than 0.5°C above or below average (Bove et al. 1998). The region is 
currently experiencing an El Niño year and impacts are predicted to occur into spring 2010 (NOAA/NWS 
2010a) 
 
2.1.6 North Atlantic Oscillation  
 
In the Study Area, fluctuations in sea surface and bottom water temperatures have been associated with 
trends in the NAO (Friedland and Hare 2007). This large-scale phenomenon is an example of the 
dynamic relationship between the atmosphere and the ocean; the NAO has global significance as it 
affects SSTs, wind conditions, and ocean circulation of the North Atlantic Ocean (Stenseth et al. 2002). 
The NAO is an alteration in the intensity of the atmospheric pressure difference between the semi-
permanent high-pressure center over the Azores Islands off Portugal and the subpolar low-pressure 
center over Iceland (Curry and McCartney 2001; Stenseth et al. 2002). The NAO is the dominant mode of 
decadal-scale variability in weather and climate in the North Atlantic region (Hurrell 1995). 
 
The variability in the NAO is considered an index, which is indicative of the mean winter atmospheric 
pressure difference between the low- and high-pressure centers. It is calculated as the difference of 
atmospheric pressure at sea level between the Azores high and the Icelandic low. Typical conditions 
expected in the Study Area during the two phases (positive and negative) of the NAO index include 
warmer than average winter weather during the positive (or warm) NAO phase and colder than average 
winter weather during the negative (or cold) NAO phase. 
 
The NAO exhibits considerable interseasonal and interannual variability, but tends to remain relatively 
stable for prolonged periods, e.g., the recorded NAO index was mainly positive from 1900 to 1950, mainly 
negative from the 1950s through the 1970s, and has been mainly positive since the late 1970s (Hurrell et 
al. 2001).10 

 
Since ocean circulation is wind and density driven, it is not surprising to find that the NAO appears to 
have a direct effect on the position and strength of important North Atlantic Ocean currents (Taylor and 
Stephens 1998). 
 
A strong association has been established between the variability of the NAO and changes affecting 
various trophic groups in North Atlantic marine ecosystems on both the eastern and western sides of the 
basin (Fromentin and Planque 1996; Drinkwater et al. 2003). The temporal and spatial patterns of 
Calanus copepods (zooplankton) were the first to be linked to the phases of the NAO (Fromentin and 
Planque 1996; Stenseth et al. 2002). When the NAO index was positive, the abundance of Calanus 
copepods in the Gulf of Maine increased, with the inverse true in years when the NAO index was negative 
(Greene and Pershing 2000; Conversi et al. 2001). Such a shift in copepod patterns has a tremendous 
significance to upper-trophic-level species, including the North Atlantic right whale (Eubalaena glacialis), 
which feeds principally on zooplankton, Calanus finmarchicus. Right whale calving rates are linked to the 
abundance of C. finmarchicus; when the abundance is high, the calving rate remains stable but fell in the 
late 1990s when the abundance of its favored copepod also declined (Greene et al. 2003). Direct links to 
the NAO phase have also been found for recruitment in the North Atlantic of herring and sardines 
(Clupeidae), two tuna species (Scombridae), Atlantic salmon (Salmo salar), and swordfish (Xiphias 
gladius; Drinkwater et al. 2003). 
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2.2 PHYSICAL ENVIRONMENT 
 
2.2.1 Marine Geology 
 
2.2.1.1 Geologic Setting 
 
Rifting between the North American and African plates initiated in the Triassic period and resulted in the 
development of the passive margin shelf along the Atlantic coast (Carey et al. 1998 after Grow et al. 
1988). Over the time spanning from the beginning of the Cretaceous period through the Pliocene (~145 – 
2 million years ago [Ma]), a basin developed above a cooling and contracting craton due to the 
progressive overlapping of marine and deltaic deposits, generating an extensive continental terrace, most 
of which presently lies beneath the Atlantic Ocean (Owens et al. 1998).  
 
The hinge line (the boundary between a stable region and one undergoing relative vertical movement) 
parallels the New Jersey coast approximately 20 km (12 mi) offshore then curves to parallel Long Island, 
New York (Carey et al. 1998). This hinge line defines the boundary between the northern coast headland 
erosion and the southern coast barrier island systems (Uptegrove et al. 1999). Subsidence east of the 
hinge line measures about 0.0150 millimeter (mm; 0.0006 in.) per year declining towards the west to near 
zero (Carey et al. 1998). The northern zone is undergoing flexural uplift while the southern zone features 
a depression; there is somewhat greater accommodation space for deposition created by glacial rebound 
to the north and forebulge subsidence (Uptegrove 2003). The movement of salt intrusions near the 
deepest portion of the Baltimore Canyon Trough (north of the hinge line) could possibly account for local 
uplift uplift (Carey et al. 1998).  
 
From the Pleistocene Epoch (~1.8 Ma) to the present, the Atlantic continental margin experienced sea 
level fluctuations caused by the advance and retreat of the Antarctic and Greenland ice sheets and 
northern continental glaciers (Ashley et al. 1991). There have been three sea level highstands along the 
coast in the Study Area and the Atlantic inner shelf (125 thousand years ago [ka], 55 ka, and modern). 
During these rises in sea level, barrier islands, tidal delta sands, and linear sand ridges formed in the high 
energy environments while lagoonal muds and marsh formed in the low-energy environments (Ashley et 
al. 1991; McBride and Moslow 1991). The ebb-tidal delta and the linear sand ridges shield underlying 
Holocene muds from wave and current erosion, producing a substrate of varying thickness and 
unconformable boundaries. Sediments that crop out on the ocean floor in the Study Area range in age 
from Miocene to Holocene (23 Ma to the present; Ashley et al. 1991). This includes the submarine sand 
ridges, which are composed of sediments that date to this time period. Marine sediments deposited 
during sea-level highstands typically are separated by layers of fluvial gravels and coarse sands 
deposited or reworked during sea-level lowstands. In the Study Area, during the most recent sea-level 
rise, older Holocene-age interbedded sand and muds have been eroded and/or overlain by younger 
Holocene-age barrier island and shoreface sands (Ashley et al. 1991). Some of the sand ridges are 
composed of this succession of deposits. Holocene, Eocene, Cretaceous, and Triassic subsurface layers 
overlie inlets and channels. These stratigraphic units are also found near sand ridges (McBride and 
Moslow 1991). McHugh and Olson (2002) proposed to provide a specific chronology of the Pleistocene 
sedimentation of the New Jersey continental margin as well as examine passive margin sedimentation 
models within the glacioeustasy framework. By constructing an oxygen isotope record from 520 m (1706 
ft) of Pleistocene continental slope sediment, 16 glacial/interglacial fluctuations in ice volume were 
documented in sediments of the Hudson Apron (a plateau-like feature between the Hudson and Toms 
canyons). Contrary to predicted sedimentation models, mass-wasting was not restricted to glacial 
maximums, but was present during both glacial and interglacial events (McHugh and Olson 2002). Also, 
while the sedimentary record from glacial stages is dominated by fine-grained sediments, the sedimentary 
record from periods of glacial/interglacial transition periods is dominated by coard sands. Glacial and 
interglacial variability is not the main control on large-scale sediment deposition of the New Jersey margin 
(McHugh and Olson 2002). 
 
Seismic stratigraphic and geohistory analysis techniques (to determine total basin subsidence) were 
applied to data from the Baltimore Canyon trough to interpret sea-level changes during the Tertiary by 
developing a stratrigraphic framework through interpretation of a region grid of shelf wells’ seismic 
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reflection data (Greenlee et al. 1988). These techniques concluded the presence of sudden basinward 
shifts in coastal onlap inferred as a sedimentary response to relative decreases in sea level. Geohistory 
analysis of one of the wells indicates this area underwent slow, continuous thermotectonic subsidence 
during the Tertiary (Greenlee et al. 1988). Using both techniques to interpret changes in eustatic sea 
level, it was discovered that this area underwent three orders of sea-level change during a long-term sea-
level fall during this period and partially accounted for perpetual seaward movement of the shelf edge.  
 
2.2.1.2 Physiography 
 
The New Jersey shelf lies between the Hudson and the Delaware shelf valleys from 38°40’ to 40°30’N 
and 72°30’ to 74°40’W and covers a 25,000-km2 (9,653-square mile [mi2]) area; this shelf ranges from 120 
to 150 km (75 to 93 mi) in width, sloping to the east (<0.001) and becomes steeper where the shelf break 
begins at the 120- and 160-m (394- to 525-ft) isobath (Carey et al. 1998). The storm-dominated shelf has 
a tidal range of 1.0 to 2.0 m (3.3 to 6.6 ft) and an average wave height of about 1.0 m (3.3 ft). The shelf 
accumulates mainly pelagic sediments as the majority of terrigenous supply is retained by coastal 
lagoons and estuaries. Barrier islands range from 8 to 29 km (5 to 18 mi) in length and extend from 
Manasquan Inlet to Cape May; these islands provide protection for the lagoons and estuaries from direct 
wave damage (Byrnes et al. 2000). The barrier islands are separated by 11 tidal openings. These 
openings, or inlets, can create convoluted currents which cause lateral migration of the inlets and the 
relocation of sand to nearby shorelines. Severe shoreline erosion can occur with some sections retreating 
up to 2.0 m (6.6 ft)/yr. At Manasquan Inlet alone, the regional longshore transport current carries an 
average of 57,000 cubic meters (m3; 2,012,936 cubic feet [ft3]) of sand per year (Burlas et al. 2001). A 
year-long monitoring study along the mid-Atlantic shelf by Butman et al. revealed intermittent movement 
of bottom sediments by currents, waves, and other forcing mechanisms (1979). Wind and wave stresses 
that influence bottom sediment mobility and stability must be considered when designing and constructing 
offshore structures (Butman et al. 1979; Vincent et al. 1981). 
 
The continental shelf along the U.S. east coast extends from Maine to the Florida Keys and contains 
mostly linear symmetrical east-northeast oriented trending shoals that are up to 10 m (33 ft) thick and 
extend for several miles (Amato 1994). New Jersey’s northern coastal region has a shoreface that is 
steep and narrow, having an average width of 0.64 km (0.40 mi). On average, 4.63 km (2.88 mi) separate 
the linear shoals from the coast, and they are each about 1.9 to 5.6 km (1.2 to 3.5 mi) in length and 0.5 
km (0.3 mi) wide. The average water depth above the crests is 9 to 18 m (30 to 59 ft), while the relief is 3 
to 11 m (10 to 36 ft; Duane et al. 1972). The shoals are mostly composed of a top layer of medium-
grained quartzose sand, which is in turn on top of a layer of quartz and glauconite and a bottom layer of 
sands, silts, and clays. There are also some ridges and Tertiary coastal plain deposits in the area that 
were more than likely formed from erosion (Duane et al. 1972; Uptegrove et al. 1999). The quartzose 
shoals off the southern coast of New Jersey are mostly Holocene and are higher, longer, appear more 
frequently, and have a northeast and east-northeast orientation. The shoreface in this area is also 
broader and more irregular. The mean shoal crest depths are 7.6 to 9.1 m (24.9 to 29.9 ft) and show 
about 3 to 6 m (10 to 20 ft) of relief. The morphology of this area was produced by extensive marine 
reworking, mostly in the form of shifting of inlets (Duane et al. 1972; Uptegrove et al. 1999). The majority 
of sediments now found on the continental shelf of the Study Area are the result of glacial deposition, 
erosion, reworking, and re-deposition. 
 
2.2.1.3 Bathymetry 
 
The bathymetry of the Study Area reveals a relatively shallow, gradually deepening region typical of a 
continental shelf located along a passive margin. The shelf is bounded by the Hudson Canyon in the 
north and the Wilmington Canyon to the south decreasing in depth north to south (130 to 100 m [427 to 
328 ft]; Milliman et al. 1990). In general, passive continental margins (such as New Jersey) are 
characterized by subsidence, erosion, and variable sediment accumulations (Kennett 1982). The majority 
of the U.S. eastern continental shelf (from Florida to New Jersey) deepens at a very gradual rate of less 
than 1-m (3.3-ft) increase in depth per 1,000-m (0.6-mi) distance offshore (Hollister 1973; Kennett 1982). 
The middle and outer shelf display a ridge-and-swale topography with local relief surpassing 20 m (66 ft) 
being more predominant in the middle shelf (Milliman et al. 1990). Slight escarpments (relief of 20 to 50 m 
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[66 to 164 ft]) are also evident along the New Jersey shelf theorized to be ancient shorelines. 
Bathymetrically, the Study Area consists of a nearly uniform, smooth, and shallow seafloor that slopes 
gently offshore (Figure 2-14a); however, one of the major bathymetric features of the Study Area include 
shoreface sand ridges. Dominating the inner-shelf topography, shoreface-attached and detached sand 
ridges are found along the Atlantic inner shelf of the U.S. oriented at oblique angles in relation to the 
shoreline (Duane et al. 1972; Figueiredo et al. 1981; Duane and Stubblefield 1988). Along the New 
Jersey coast, there are 71 well-developed shoreface-attached and detached sand ridges with an average 
orientation of 26° and that are normally characterized by a closed bathymetric contour (Duane et al. 
1972). These shoreface-attached and detached sand ridges consist of unconsolidated fine-to-medium 
grained sand, are generally over 1,000 m (3,281 ft) long, have relief up to 10 m (33 ft), side slopes that 
average less than 1°, and are 1 to 3 km (0.6 to 1.9 mi) wide with wavelengths of 1 to 8 km (0.6 to 5.0 mi; 
Duane et al. 1972; Field 1980; Figueiredo et al. 1981; Figueiredo 1984). The formation of sand ridges is a 
function of sediment supply and shelf processes with erosional shoreface retreat, shoreface detachment, 
and storm-generated flows being recognized as essential components of the origin and evolution of 
shoreface sand ridges (McBride and Moslow 1991). These ridges have been hypothesized as having two 
different origins: (1) some outer shelf ridges are post-transgressive features or (2) the shore-parallel mid-
shelf ridges (20- to 30-m water depth) are degraded barriers consequently modified by shelf currents 
(Duane and Stubblefield 1988). New sediment, eroding from the shoreface as sea level rises, is 
accumulating nearshore despite most modern fluvial sediment being trapped within estuaries. It is 
hypothesized that this deposition is accompanied by trough erosion which increases the shelf’s sediment 
budget (Duane and Stubblefield 1988). 
 
Other notable bathymetric features in the vicinity of the Study Area include the Delaware Shelf Valley 
located just south of the Study Area and the Hudson Shelf Valley located to the north of the Study Area 
(Figure 2-14b). Several smaller canyons incise the shelf edge east of the Study Area. The mean flow 
over the shelf adjacent to the Delaware Bay is southward at speeds of about 10 cm/s (3.94 in./s; 
Beardsley et al. 1976). Upwelling circulation can develop as a response to strong wind events lasting for 
several days or more. In the case of a southerly wind, surface water moves offshore, while bottom water 
moves onshore in compensation (Beardsley and Boicourt 1981); for the case of northerly winds, the 
reverse is observed. Given the predominant southward flow and longshore sediment transport of the 
area, the Delaware Shelf Valley does not significantly influence the Study Area. The Hudson Shelf Valley 
is discussed in further detail below. 
 
Hudson Shelf Valley 
 
The Hudson Shelf Valley extends in a southeasterly direction from Sandy Hook, NJ across the 180-km 
(119-mile) wide continental shelf north of the Study Area (Figure 2-14b). During the Last Glacial 
Maximum (approximately 25 to 18 ka), sea level was as much as 125 m below present day sea level, and 
the coastline was as far seaward as the shelf break (where the shelf slope gradient increases markedly). 
The Hudson Shelf Valley is the path of the ancestral Hudson River during periods of sea-level lowstand. 
The present day drainage route of the Hudson River across the shelf has been open since the late 
Pliocene (approximately 2 Ma; Stanford 2010). During the Last Glacial Maximum, the ice sheet extended 
as far south as Perth Amboy, New Jersey, and covered the entire present-day drainage area of the 
Hudson River. Braided stream discharge on the exposed shelf during the Last Glacial Maximum created 
fluvial deposits, including sands and gravels (Sheridan et al. 2000). These sediments largely now are 
buried beneath younger marine sediments on the submerged shelf. The Hudson River Valley may have 
been further incised by catastrophic flooding events during the retreat of the last glacier, as a series of 
moraine-dammed glacial lakes were breached upstream as the glacier retreated northward (around 14 
ka; Newman et al. 1969; Clayton and Knox 2008). Besides the small volume of sediment that was eroded 
during the erosion of the Verrazano Narrows moraine dam approximately 15 ka, little sediment has left 
the Hudson Valley. Sediment was trapped in glacially overdeepened valleys in the present day lower 
Hudson Valley as the glacier retreated (Stanford 2010).  
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Figure 2-14a. Isobath bathymetry of the Study Area showing isobaths at a spatial scale 
appropriate for examining water depths within the Study Area. Source data: NOAA (1999).  
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Figure 2-14b. Isobath bathymetry and bathymetric features of the Study Area and vicinity. Source 
data: NOAA (1999).  



JULY 2010 NJDEP EBS FINAL REPORT: VOLUME I 

2-21 

The Hudson Shelf Valley is characterized by its complicated currents and flows. Offshore directed 
currents along the Hudson Shelf Valley are usually associated with energetic waves, winds from the east, 
moderate current velocities (5 to 10 cm/s [1.97 to 3.94 in./s]), and sea level setup at Sandy Hook, New 
Jersey. Shoreward directed currents along the Hudson Shelf Valley are much more common. These 
currents are associated with winds from the west, low wave energy, high current velocities (20 to 40 cm/s 
[7.87 to 15.75 in./s]), and sea level set-down at the coast (Harris et al. 2003; Schofield et al. 2008). The 
valley acts a basin for the general southwest flow of sediment transportation along the shelf creating an 
effective sediment transport barrier as evident by the large gravel areas southwest of the valley (Vincent 
et al. 1981). 
 
2.2.1.4 Sand Ridges 
 
On the inner continental shelf of the Study Area, shore-oblique linear sand ridges are common features 
(Dragos and Aubrey 1990). Sand ridges are elongated, wave-like, topographic features composed of 
unconsolidated fine to medium sand, can be either attached to the shore or detached, typically have 
vertical relief up to 10 m (33 ft), and are generally oriented at oblique angles to the adjacent shoreline 
(Duane et al. 1972; Stahl et al. 1974; McBride and Moslow 1991). They can exist at various spatial scales 
on continental shelves worldwide. In general, when they are attached to the shore, they make an angle of 
about 35° with the shoreline. They can be 50 km (27 NM) long and 2 to 4 km (1 to 2 NM) wide, have 
wavelengths of 6 to 8 km, side slopes that average less than 1°, a relief of up to 10 m (33 ft), and can 
occur in depths ranging from 3 to 45 m (10 to 148 ft; Duane et al. 1972; Figueiredo et al. 1981; Figueiredo 
1984). Along the continental shelf of the U.S. Atlantic, highly developed sand ridges can be found 
adjacent to coasts that are characterized by transgression, mixed energy, wave-dominated barrier 
islands, and laterally migrating tidal inlet systems (McBride and Moslow 1991). The sand ridges of the 
Study Area are part of a larger system of ridges in the MAB and along the U.S. Atlantic east coast. The 
ridges of the MAB have spacings of 2 to 4 km (1 to 2 NM), lengths of up to a few tens of kilometers, 
heights of several meters, depths of 10 to 20 m (33 to 66 ft), and form acute angles with the coast, open 
to the north, of some 20° to 30° (Dragos and Aubrey 1990).  
 
Particularly well developed fields of shoreface-attached and detached sand ridges occur in the Study 
Area. There are 71 sand ridges in the Study Area; they have an average orientation of 26° with primary 
modes between 15° and 19° (McBride and Moslow 1991). Some of these sand ridge formations can be 
seen in the isobath bathymetery of Figure 2-14. Seaward of these is a 30-km (19-mi) wide sand ridge 
complex that have orientations that are parallel with the coast. Farther seaward near the outer shelf, sand 
ridges have orientations (20° to 30°) that are similar to the shore-attached sand ridges on the inner shelf. 
More than 1,000 ridges are located on the New Jersey shelf; these range in height from 3.5 to 18 m (11 to 
60 ft), in width from 1 to 18 km (0.5 to 9.7 NM), and in length from 1.5 to 37 km (0.8 to 20 NM; 
Stubblefield 1980).  
 
The upper crest of the ridges is composed of fine- to medium-grained sand, the underlying layer is one of 
shell-rich, poorly-sorted sand and mud, and the deeper layer is inferred to be mud strata (Figueiredo 
1984). The surficial sediments over the nearshore ridges are distributed with the coarsest sands on the 
shoreward flank and the finer sands toward the seaward flank. For the mid-shelf, parallel ridges, the 
surficial sand distribution is more symmetrical with the courser sands located on the upper shoreward 
flank (Stubblefield 1980). In the Study Area, the Beach Haven Ridge, located northeastward from the ebb 
tidal delta of Little Egg Inlet, has two major substrate types on the seaward side: 1) coarse sand with 
shells of the Atlantic surfclam (Spisula solidissima) and 2) areas with a mixture of semilithified clay and 
sand. On the shoreward side of the ridge, there are also two major substrate types: 1) areas of sand and 
clay mixture and 2) patches of semilithified clay and sand mixture. In addition, it is common to find that 
the crests of the ridges are bare; however, the troughs tend to be filled with shell valves and shell hash 
(Vasslides and Able 2008). 
 
The formation of these sand ridges has been a source for debate for some 60 years. Shepard (1948) 
theorized that the ridges were formed due to the stepwise retreat of a barrier island coast, while Duane et 
al. (1972), Swift et al. (1973) and Stahl et al. (1974) attributed the ridge’s formation to storm flows causing 
the erosion of the shoreface in response to postglacial sea level rise. Stubblefield and McGrail (1979) 
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argued that the ridges were formed in response to shear waves generated along the coast in northeastly 
storm flows (Figueiredo et al. 1981). Figueiredo (1984) hypothesized that the ridges began forming at 
inlets and as the sea level rose and the shoreface retreated the sand ridges developed. More recently, 
McBride and Moslow (1991) inferred that ebb-tidal deltas deposited sand along the inner continental shelf 
followed by transgression which reworked the sand deposits by shelf process into linear sand ridges at 
the shore face. Currently, it is generally accepted that the ridges are in equilibrium with the continental 
shelf hydraulic regime. In the Study Area it is has been suggested that the inner shelf ridges formed in 
response to intense storms, that the shore-parallel ridges form in association with degraded barrier 
islands, and that the sand source for the sand ridges is provided by the ebb-tidal deltas. Essential 
components of the origin and evolution of sand ridges includes erosional shoreface retreat, shoreface 
detachment, and storm-generated flows (McBride and Moslow 1991). 
 
2.2.1.5 Bottom Substrate 
 
Six stratigraphic units are present in the near-surface strata (from youngest to oldest): modern shoreface, 
upper ridge sand, lower ridge sand, swale/inlet-fill, Middle Holocene back-barrier, and Pleistocene 
strandplain (Snedden et al. 1994). Merged cross-sections of the upper Pleistocene shelf sequences slant 
to the southeast indicating a trend of the ancient Hudson River thalweg (Sheridan et al. 2000). The 
stratigraphic section is not entirely complete resulting from extensive sea-level changes (approximately 
70 to 120 m [230 to 394 ft]) plus low subsidence rates (Uptegrove 2003). A “stratigraphic sequences 
project” by Austin et al. (1996) attempted to clarify the formation of preserved stratigraphy along the 
continental edge based on temporal and spatial geological processes by associating short-term physical 
and biological processes to stratigraphic facies sequences through coring and remote sensing. Results of 
this project demonstrated prominent shelf progradation along the New Jersey margin over the past 20 
Ma; this was possibly caused by cross-shelf sediment movement or point sources of sediment. The New 
Jersey shelf stratigraphy also show spatial variations due to to possible changes in drainage basin area 
and sediment supply, large-scale drainage patterns, subsidence, compaction, isostasy, and/or gravity or 
current-driven sediment transport (Austin et al. 1996).  
 
The surficial sediments of the New Jersey shelf generally consist of detrital sands with mixtures of silt or 
gravel (Figure 2-15). Gravel situated on the New Jersey shelf contains carbonates (shells and shell 
fragments), quartz pebbles, and rock fragments. Terrigenous (fluvial) sediments consist mainly of quartz 
and feldspar sand that is low in carbonates except for one carbonate high off central New Jersey (east of 
Manahawkin) where the carbonate content reaches 25% (Louis Berger Group Inc. 1999). Sediments 
offshore of Monmouth and Ocean counties have a larger gravel content than Atlantic and Cape May 
counties (Byrnes et al. 2000). While the modern shoreface and upper ridge sands are both still currently 
shaping, others were deposited somewhere from 10to 20 ka, but still experience erosion. The upper ridge 
sands range from fine- to coarse-grained. Evidence shows that as the temporal and spatial proximity 
between the mainland and the ridge shortens, the wave energy increases. The lower ridge sands do not 
exist in the most recent deposits of the ridge and are composed of a high organic content and various 
macrofauna and microfauna (Snedden et al. 1994). While upper ridge sands originated in the open 
marine environment, the lower ridge sands originated under more protected conditions. A barrier island 
was present in the area 3.5 ka, but was later removed by erosion. A strandplain formed in the Late 
Pleistocene, and hydrodynamic forces continually shaped that area into the ridge that exists today. All of 
this demonstrates that both eustatic and hydrodynamic factors typically help influence shelf and sand 
ridges (Snedden et al. 1994). Two inner shelf sand ridges can be found off the coast of Avalon Township, 
near the southern tip of New Jersey, which are composed of quartz sand and are found in water that is 
mostly less than 20 m (66 ft) deep (Smith 1996).  
 
The Study Area was once largely above sea level and covered with a network of river valleys dominated 
by the Hudson outflow. With rising sea levels during the Holocene, the sand and gravel was reworked by 
the Atlantic leaving most of the area covered with a layer of sandy sediments (Figure 2-15; Glenn et al. 
2008). Seismic analysis profiles have revealed buried paleochannels from nearshore to shelf edge (Louis 
Berger Group Inc. 1999). An 80-km (43-NM) buried channel extends southward from the Hudson Shelf 
Valley and is known to be a Hudson River ancestral pathway. During one of the pre-Wisconsin lowstands 
the channel was cut to 15 m (49 ft) below the exposed continental shelf. Sometime prior to 28 ka, the 
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Figure 2-15. Bottom sediments in the Study Area. The circles represent core samples taken at 
discrete locations, while the general shading can be used as a gross overview of general textural 
trends. The shading gives only a general indication of surficial sediment type because the true 
boundaries between sediment types can be highly irregular or gradational and the characteristic 
textural variability is not available at this scale. The core samples represent a fine-scale depiction 
of the sediment type at each discrete location. Source data: USGS (2000) and Reid et al. (2005). 
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channel was filled with heterogeneous fluvial deposits then covered with 10 to 30 m (33 to 98 ft) of 
sediment (including an interbedded marine sand and mud upper layer). After being exposed during the 
last sea level regression the sediments underwent leaching and desiccation. As a result of these events, 
a thin, gravelly sand layer exists on top and low bedforms exist throughout the middle shelf (Knebel et al. 
1979). The outer continental shelf of the Baltimore Canyon Trough off the coast of New Jersey has a 
mantle made up of shelly medium to coarse sand from the Holocene era. Underneath this is a 
Pleistocene mud layer. The sand cover in these areas averages from 5 to 7 m (16 to 23 ft) thick and is 
said to be similar to the bottom layer morphology (Knebel and Spiker 1977). The uneven distribution of 
sand in the area demonstrates fluvial and nearshore processes, configuration of the Pleistocene 
substrate, and the movement of sediments. During the last sea level transgression, medium to coarse 
nearshore sands (more than likely from the Hudson and either the Great Egg or Delaware rivers) were 
deposited above Pleistocene muds. At present, the sand layer continues to be shaped and modified 
(Knebel and Spiker 1977). 
 
Barnegat Inlet, located within the Study Area, contains a main tidal channel that is 0.5 km (0.3 NM) wide 
and, at its deepest points, 15 m (49 ft) deep. There are three reflectors in the area that could represent 
erosional unconformities or seismic sequences. The uppermost reflector contains a tidal-cut ravinement 1 
m (3 ft) below the Barnegat Inlet channel. Underneath the ravinement are Holocene intertidal sediments 
where it is speculated that channel erosion occurred (Wellner 1990; Ashley and Sheridan 1994). There is 
1 m (3 ft) of sand overlying the ravinement suggesting that it was buried by the migration of the Barnegat 
Inlet ebb-tidal delta. The Barnegat Inlet channel has been affected by a great deal of erosion and 
truncation and is now being buried by another lobe of the delta. Evidence indicates that there used to be 
a barrier island between two of the ravinements which indicates, that at some point in the area, there was 
a highstand. A seismically transparent unit is located on the seaward side while the landward side 
illustrates a discontinuous lithofacies (Ashley and Sheridan 1994). 
 
Although the Study Area is located south of the maximum Pleistocene ice advance, the bottom sediments 
are the result of the sand and gravel deposited by glacial meltwater streams (Glenn et al. 2008). 
Sediment supply, early transgressions, and continuous sea level cycles induced by climate change, 
provide evidence for glacial influence in the area. Eustatic changes have developed four late Pleistocene 
depositional sequences in the shelf stratigraphy, which are marked by tracts (Carey et al. 2005). These 
tracts, which are mostly transgressive systems tracts and lowstands systems tracts, are located in a 
25,000 km2 (7,289 NM2) area off of New Jersey, at the shelf edge, and are 100 m (328 ft) thick (Carey et 
al. 1998). Two depositional sequences within the Study Area were formed glacio-eustatically over 125 ka 
(Ashley et al. 1991; Wellner et al. 1993). One of them consists of a submerged barrier island complex 
located 0.2 to 1.7 km (0.1 to 0.9 NM) off the coast and 20 m (66 ft) below the present sea level. The 
existence of this barrier island complex provides evidence for the Middle Wisconsin sea level highstand 
being located at 20 m (66 ft) below the present surface. During the Holocene transgression, the present 
day barrier island system had migrated landward due to the rise in sea level (Wellner et al. 1993). 
 
Regional seismic reflection surveys conducted by Davies et al. (1992) characterized a Late Quaternary 
wedge of sediment extending from the Hudson Apron south 150 km (81 NM) along the edge of the New 
Jersey continental shelf. A prominent reflector defined the bottom of the wedge as a theoretical erosional 
surface incised during a lowstand (most likely the Wisconsinan glacial maximum). Coring and three-
dimensional high resolution seismic reflection surveys reveal an elaborate internal structure within the 
outer wedge unrelated to the current seafloor morphology; this sedimentary sequence was developed by 
a series of depositional events related to glacial melting and interrupted by at least one erosional episode 
evident from a meandering channel system (Davies et al. 1992). The fauna studied within core samples 
indicate that the sediments were deposited at shallower depths than at present although no evidence 
exists for shallow water deposition or a nearer proximity to land than the current mid-shelf. Bottom 
substrate includes both the biotic surface layer and the abiotic sub-bottom, and the sediments which 
comprise these layers. According to Amato (1994), 75% of the sediment distribution for the shelf of the 
Study Area is composed of medium (0.025 to 0.05 cm [0.01 to 0.02 in.]) to coarse (0.05 to 0.2 cm [0.02 to 
0.08 in.]) quartz sand grains, overlying larger scale shore-parallel ridges often found mid-shelf (Duane 
and Stubblefield 1988). Along a narrow band (approximately 10 km [5 NM] wide) of the coastline at the 
southern end of the Study Area, mixtures of medium to fine sand and silt are found overlying small sand 
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ridge features (Twitchell and Able 1993). At the shelf break, a narrow band of mixed medium to fine sand 
and silt is found, with deepwater sediments (>75% clay) located further offshore (Amato 1994). Parallel 
elongated bands of gravelly sand are located just south of the Hudson Shelf Valley; these were formed 
from ancient meanders of the Hudson River (Schlee 1964). Esker et al. (1996) designed a new technique 
to calculate alternative values for density by using the empirical relationships between median grain size, 
density, and the velocity of the acoustic wave through the sediment bed. The technique could avoid many 
of the issues associated with acoustic wave logs (provides sediment bed density) and shipboard 
measurements to construct artificial seismograms by groundtruthing and correlating across analog and 
digital shallow high-resolution seismic data along the New Jersey shelf. Determining median grain size 
with dry vibracores removes the negative effects that coring disturbances and preservation variables have 
on the core's water and sediment content (Esker et al. 1996).  
 
Gas hydrates are present over a large area on the continental rise between Georgia and New Jersey 
(~1,000 km) as geophysically mapped by various agencies (Judd and Hovland 2007). These hydrates are 
most commonly found at depths greater than 2,000 m and in areas of rapid sediment deposition and salt 
diapirs (Judd and Hovland 2007). As a potential energy source, research of these hydrates and 
potentional slope failures has increased. Rapid sedimentation and compaction, expelled pore water 
(water retained within pore spaces of sediments) may force its way through the seabed in such a way to 
promote slope failure. During the Pleistocene, New Jersey’s upper continental slope underwent rapid 
sedimentation that contributed to increase pore fluid pressures driving fluids laterally towards the middle 
and lower slope (Judd and Hovland 2007). As this increased pore fluid pressure reached the thinner 
sediment at the toe of the slope, the effective stress decreased prompting the slope to fail. A risk 
assessment analysis considering submarine mass movement was used to determine the stabilitiy of the 
New Jersey continental slope (Judd and Hovland 2007). From this analysis, it was determined that the 
slope was unstable 0.5 mya, but currently the continental slope is stabilized due to a large decrease in 
sedimentation rates. 
 
Marine and aeromagnetic anomaly profiles taken from the middle of the New Jersey continental shelf 
revealed a high-amplitude, circular, positive abnormality approximately 20 km in diameter and 40 km west 
of the East Coast Magnetic Anomaly (ECMA; Grow et al. 1988). Termed “Great Stone Dome”, the dome 
was determined by the U.S. Geological Survey (USGS) to most likely be a large mafic intrusion that 
crystallized during the Early Cretaceous as it uplifted Early Cretaceous and older strata, but is also 
truncated by an Early Cretaceous unconformity (Grow et al. 1988). Another anomaly was detected in the 
Baltimore Canyon Trough that appears to be a possible narrow salt diaper penetrating into Cenozoic 
strata through it has never been drilled into by exploration wells (Grow et al. 1988). If indeed a salt diaper, 
it is one of few along the Baltimore Canyon trough compared to the 23 diapiric structures found along the 
ECMA further south of the Study Area. 
 
For the New Jersey Study Area, marine benthic mapping surveys were conducted to generally 
characterize the ocean floor and benthic environment; the surveys utilized a ship-deployed magnetometer 
and side scan sonar to provide baseline seafloor substrate information and evaluate seafloor conditions in 
the area proposed for construction of meteorological and wind tower pylons and structures. The data 
were examined for geological variations in surface sediments and the occurrence of any unknown 
obstructions in the proposed wind farm construction zone. Seabed morphology in the area surveyed 
consists of relatively flat, migrating sand waves and ripples with occasional larger sand ridges. Variable 
current and tidal hydraulics result in the development and migration of sand waves, dunes, and ripples by 
means of scour, deposition of terregenous sediments with erosion, and transport of sand and mud. This 
baseline data will allow for future assessments of local seafloor changes resulting from natural and 
anthropogenic events such as offshore wind farm development. For further explanation and data 
associated with the marine benthic mapping surveys conducted for the NJDEP EBS project see 
Appendix A. 
 
2.2.2 Oceanographic Data Collected During Shipboard Surveys 
 
During the shipboard surveys conducted aboard the R/V Hugh R. Sharp, oceanographic data were 
collected using the Surface Mapping System (SMS), Conductivity, Temperature, and Depth (CTD) 
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profiles, and an Acoustic Doppler Current Profiler (ADCP). Measurements were conducted at point 
locations in the NJDEP Study Area. 
 
2.2.2.1 Surface Mapping System (SMS) 
 
The SMS collected measurements every 10 s during the shipboard surveys from the bow of the R/V Hugh 
R. Sharp. The static parameters that were measured included date and time, water depth (ft or m), and 
lat-lon location. The climatic parameters measured included windspeed (kt), wind direction (°), air 
temperature (°C), relative humidity (%), and atmospheric barometric pressure (millibar [mbar]). The 
dynamic oceanographic parameters that were measured included water temperature (SST, °C), salinity 
(practical salinity units [psu]), fluorometric chlorophyll and colored dissolved organic matter (CDOM; 
Turner raw), and photosynthetically available radiation (PAR; quanta per second [quanta/s]). Turner units 
are a spectral measurement of fluorescent material in the water at specific wavelengths. Chlorophyll has 
an absorption peak in the blue spectral region (440 nm [nanometer]) and a strong fluorescent peak at red 
wavelengths (670 nm), whereas CDOM absorbs strongly in the blue region (412 nm) and has a broad 
fluorescent peak at green-yellow wavelengths (530 nm). The PAR is measured with a Profiling 
Reflectance Radiometer System (PRR-600) light meter (spectral photometer) and is calculated from the 
spectral integration of light intensity measured at the following wavelengths: 443, 490, 510, 555, and 656 
nm (spectral units: microwatts [μW] per square centimeter [cm2] per nm). 
 
2.2.2.2 Conductivity, Temperature, and Depth (CTD) Profiles 
 
CTD casts were conducted at the beginning of the survey day, at noon, and the end of the survey day, as 
well as at the end of each trackline whenever possible. The CTD casts provided data as a function of 
water depth profiles (extending from the surface down to a depth corresponding to 30 decibel [dB] 
pressure). Measurements were generated for water temperature (°C), salinity (psu), dissolved oxygen 
(milligrams per liter [mg/L]), and conductivity (voltage) using CTD sensors throughout the profile. Depth 
profiles of these four parameters were combined into a single plot for each set of measurements.  
 
2.2.2.3 Acoustic Doppler Current Profiler (ADCP) Measurements 
 
In addition to SMS and CTD, ADCP measurements were collected at various site locations. ADCPs work 
by using sound energy to produce a record of water current velocities for a range of depths. As the sound 
energy leaves the ADCP it is shifted in frequency by the relative velocity of the water and the sound 
energy is returned (echo) by scatterers in the water. A water current profile over a range of depths is 
produced by repetitive sampling of the return echo as a function of time. The ADCP data were collected 
and processed using the VmDas (software package for use with vessel mounted ADCPs to support data 
collection and replay) or WIN-RIVER (a real-time discharge data collection program) software programs. 
The raw ADCP data were screened for RSSI (return signal strength, relative to the ADCP), correlated by 
VmDas or WIN-RIVER, and then bin-mapped and transformed to Earth coordinates. 
 
2.2.3 Hydrography 
 
The hydrography in the Study Area undergoes substantial seasonal changes throughout the year. The 
stratification of the water column is asymmetric in nature; stratification becomes slowly stronger and 
deeper from mid spring to later summer and is rapidly destratified during early fall as numerous storms 
pass through the area (Castelao et al. 2008b). During spring, the shelf waters are less saline during the 
peak of the spring freshet from the Hudson River plume and increased coastal runoff (Loder et al. 1998). 
As a result, the density structure in this region is largely determined by salinity (Fratantoni and Pickart 
2007). During the summer, vertical gradients are strong (Chapman and Gawarkiewicz 1993) with a near-
surface thermally warmed layer that intensifies from April/May to late summer; this highly stratified water 
column is especially evident in the region within 80 km (49.7 mi) from the coast (Castelao et al. 2008b). 
During the fall, the passage of storms rapidly reduces the stratification causing the salinity and 
temperature vertical gradients to have a relatively weak signal. During the winter, the water column is 
nearly vertically homogenous with horizontal gradients dominating the region (Castelao et al. 2008b).  
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2.2.3.1 Water Temperature 
 
Water temperature influences physical and biological processes in marine ecosystems. Physically, 
temperature coupled with salinity drives the vertical and horizontal stratification and geostrophic 
circulation of large water masses globally (i.e., thermohaline circulation; Broecker 1991) and regionally 
(e.g., local current patterns; Bergamasco et al. 1999). This circulation affects the movement of nutrients 
and planktonic organisms within and among water masses (Holliday et al. 2006). Biologically, 
temperature can determine species composition and distribution within an ecosystem (Murawski 1993; 
Longhurst 2001; Mountain 2002), seasonal migrations and spawning (Page and Frank 1989; Hagan and 
Able 2003; Sims et al. 2004), individual metabolic rates affecting consumption and growth (Burel et al. 
1996; Hernández-Miranda and Ojeda 2006), and population level processes such as reproduction 
(Yoneda and Wright 2005) and recruitment (Hare and Able 2007). 
 
During winter, horizontal temperature gradients dominate; with colder water close to the coast and 
warmer water near the shelfbreak. The vertical temperature profile is nearly homogenous with slightly 
colder water found near the bottom offshore (Castelao et al. 2008b).  
 
An annual phenomenon particularly important to the Study Area is the formation of the “cold pool”. This 
mass of cooler water is located on the continental shelf in summer and is a remnant of the winter-cooled 
water present on the shelf (Beardsley and Flagg 1976). The cold pool becomes identifiable as thermal 
stratification begins in spring and persists until early fall when normal seasonal mixing occurs and 
homogenizes the water column (Linder et al. 2004). The cold pool usually exists near the seafloor 
between the 40-m (131.2-ft) and 100-m (328-ft) isobaths, 70 to 110 km (43.5 to 68.4 mi) from the coast, 
and extends 35 m (114.8 ft) up into the water column to the bottom of the seasonal thermocline. The cold 
pool usually represents about 30% of the volume of shelf water. Minimum temperatures for the cold pool 
occur in early spring and summer and range from 1.1° to 4.7°C (33.98° to 40.46°F).  
 
Average water temperature decreases with depth ubiquitously. Temperature variations in the surface 
layer (the upper 30 m [98.4 ft]) are related to surface heating, while variations at depth can be correlated 
to the advection of the “cold pool” from the north during spring/summer and with mixing due to passing 
storms during fall (Castelao et al. 2008b). 
 
Robinson (2008b) analyzed SST data, from 1895 to 2008 and found that SSTs varied seasonally along 
the coast (including 16 km [10 mi] offshore). The average annual SST was 11.9°C (53.4°F) with the 
highest temperatures being recorded in July (average 23.4°C [74.2°F]) and the lowest temperatures in 
January (average <1°C [<33.4°F]; Robinson 2008b). 
 
The local SSTs for the Study Area are shown in Figures 2-16a and 2-16b. In the development of these 
figures, SST for the Study Area between was 01 January 2007 and 31 December 2009 was downloaded 
from the NASA Goddard Earth Sciences Data and Information Services Center. The data was collected 
on board the Aqua Earth Observing System satellite for MODIS Level 3 data and subsequently processed 
by the Rutgers Coastal Ocean Observation Lab. Figures 2-16a and 2-16b are maps that use the same 
data but are displayed differently. Figures 2-16a provides the mean seasonal SSTs for the Study Area 
using a single scale from 0° to 24°C. Using a single scale to display each season allows an easy 
comparison of general temperature between seasons. Figure 2-16b also provides the mean seasonal 
SSTs for the Study Area; however, the data are displayed using scales that are concurrent with the 
minimum and maximum temperature values of each season. Using a different scale for each season 
allows higher resolution detail to display the spatial variabilities of SST that occur within the Study Area 
for each season. 
 
During the shipboard surveys for marine mammals, sea turtles, and birds, oceanographic data were 
collected. Figures 2-17a through 2-17d displays the SST data that were collected via the SMS and CTD 
casts on-board the R/V Hugh R. Sharp between 2008 and 2009 for the Study Area for each season.  
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Figure 2-16a. Mean seasonal SSTs (°C) in the Study Area from 01 January 2007 through 31 
December 2009. Data are displayed using a single scale from 0°C to 24°C to provide an overview 
of the SSTs in relation to season. Source data: NASA (2010). 
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Figure 2-16b. Mean seasonal SSTs (°C) in the Study Area from 01 January 2007 through 31 
December 2009. Data are displayed using scales concurrent with the minimum and maximum 
temperature values of each season to provide greater resolution. Source data: NASA (2010). 
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Figure 2-17a. SSTs for the winter season in the Study Area collected via the SMS and the CTD 
casts on board the R/V Hugh R. Sharp. SSTs were collected during the shipboard surveys of 2008 
and 2009 with the SMS from the bow of the vessel every 10 s and CTD casts were conducted at 
the beginning of the survey day, at noon, the end of the survey day, as well as the end of each 
trackline whenever possible. 



JULY 2010 NJDEP EBS FINAL REPORT: VOLUME I 

2-31 

 
 

Figure 2-17b. SSTs for the spring season in the Study Area collected via the SMS and the CTD 
casts on board the R/V Hugh R. Sharp. SSTs were collected during the shipboard surveys of 2008 
and 2009 with the SMS from the bow of the vessel every 10 s and CTD casts were conducted at 
the beginning of the survey day, at noon, the end of the survey day, as well as the end of each 
trackline whenever possible. 
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Figure 2-17c. SSTs for the summer season in the Study Area collected via the SMS and the CTD 
casts on board the R/V Hugh R. Sharp. SSTs were collected during the shipboard surveys of 2008 
and 2009 with the SMS from the bow of the vessel every 10 s and CTD casts were conducted at 
the beginning of the survey day, at noon, the end of the survey day, as well as the end of each 
trackline whenever possible. 
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Figure 2-17d. SSTs for the fall season in the Study Area collected via the SMS and the CTD casts 
on board the R/V Hugh R. Sharp. SSTs were collected during the shipboard surveys of 2008 and 
2009 with the SMS from the bow of the vessel every 10 s and CTD casts were conducted at the 
beginning of the survey day, at noon, the end of the survey day, as well as the end of each 
trackline whenever possible. 
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SSTs were collected from the bow of the vessel every 10 s through the SMS and CTD casts were 
conducted at the beginning of the survey day, at noon, the end of the survey day, as well as the end of 
each trackline whenever possible. The data matched up well with the remote sensed data displayed in 
Figures 2-16a and 2-16b; the minimum SST value collected was 2°C during winter and the maximum 
SST value collected was 26°C during summer. 
 
Thermocline 
 
In the Study Area, the formation of the seasonal thermocline is established in the upper 50 m (164 ft) of 
the water column through summertime heating (Fratantoni and Pickart 2007). Below the seasonal 
thermocline, the “cold-pool” is relatively homogenous and is commonly found over the middle and outer 
shelf (Houghton et al. 1982). Figure 2-18 displays the depth profile for water temperature (°C), salinity 
(psu), dissolved oxygen (mg/L), and conductivity (voltage) measured from a CTD cast on board the R/V 
Hugh R. Sharp during summer (02 August 2009). This cast shows a well established thermocline 
characteristic of the summer season in the Study Area. 
 
 

 
 

Figure 2-18. The measurements of water temperature (°C), salinity (psu), dissolved oxygen (mg/L), 
and conductivity (voltage) displayed as a profile of the water column (as a function of depth, 
pressure digiquartz [db]) taken from a CTD cast on board the R/V Hugh R. Sharp during the 
summer season on 02 August 2009 at 39°07.47 N, 74°07.65 W. This cast shows a well established 
stratified thermocline that is characteristic of the summer season in the Study Area. 
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The thermocline thickness increases in the offshore direction. Inshore of approximately 60 km (37.3 mi) 
from the coast, the thermocline is about 12 to 15 m (39.4 to 49.2 ft) thick with its center located above 20 
m (65.6 ft). Offshore of approximately 80 km (49.7 mi) from the coast; the thermocline is about 25 m (82 
ft) thick and is more diffuse. The difference in thickness of the thermocline inshore versus offshore is 
attributed to a difference in stratification. Stratification is strong close to the coast due to the presence of 
freshwater (which is more efficient at trapping solar heat) from the Hudson River plume and coastal runoff 
whereas the stratification in the offshore region is much weaker as a result of more intense mixing 
(Castelao et al. 2008b). Figure 2-19 displays the depth profile for water temperature (°C), salinity (psu), 
dissolved oxygen (mg/L), and conductivity (voltage) measured from a CTD cast on board the R/V Hugh R. 
Sharp during winter (15 February 2009). This cast shows a well mixed water column with no thermal 
stratificiation and is characteristic of the winter season in the Study Area. 
 
 

 
 

Figure 2-19. The measurements of water temperature (°C), salinity (psu), dissolved oxygen (mg/L), 
and conductivity (voltage) displayed as a profile of the water column (as a function of depth, 
pressure digiquartz [db]) taken from a CTD cast on board the R/V Hugh R. Sharp during the winter 
season on 15 February 2009 at 39°09.13 N, 074°04.80 W. This cast shows a well mixed water 
column with no thermal stratificiation and is characteristic of the winter season in the Study Area. 
 
 
2.2.3.2 Salinity 
 
In general, the average salinity increases in the offshore direction off New Jersey. The offshore region is 
heavily influenced by the more saline water of the open ocean, while the waters closer to the coast are 
more heavily influenced by the Hudson River outflow and coastal runoff (Castelao et al. 2008b). The 
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salinity signature of the Study Area is characterized by high seasonal variability due to the seasonal river 
discharge and wind variations. During the upwelling season (typically May to September), a low salinity 
plume can span up to 100 km (62.1 mi) across the shelf in a 10 m (32.8 ft) thick surface layer (Castelao et 
al. 2008b). During this time, saline intrusions near the shelf break can be found at a depth that 
corresponds with the thermocline. 
 
Although the Study Area is located about 100 km (62.1 mi) south of the Hudson River mouth, the Hudson 
River is the primary local source of freshwater for the region. The Hudson River outflow reaches a 
maximum during the spring freshet (late March/early April) with a mean April discharge of 1,100 cubic 
meters per second (m3/s [38,846 cubic feet per second (ft3/s)]; Castelao et al. 2008a; Chant et al. 2008b). 
This fresh, buoyant water is generally restricted to the coast during the spring, but during the summer the 
plume, via several mechanisms, can extend across the entire shelf. A coastal jet directed offshore and to 
the south near the river mouth provides a direct conduit to transport this low salinity water across the shelf 
of the Study Area. Also, upwelling favorable winds can push this buoyant, low-salinity water to the more 
offshore reaches of the shelf (Fong et al. 1997; Castelao et al. 2008a). In late summer/early fall (late 
August/early September), downwelling favorable winds tend to compress the low-salinity waters against 
the coast and the fresher water is again restricted to a narrow band (approximately 10 km [6.2 mi]; 
Münchow and Garvine 1993; Castelao et al. 2008a) and the salinity in the offshore region increases 
rapidly.  
 
Figure 2-20 displays the mean seasonal Sea Surface Salinity (SSS) for the Study Area. The SSS data 
used for the development of this map includes historical data as well as data collected as a part of the 
oceanographic studies during the shipboard surveys for marine mammals, sea turtles, and birds. The 
historical SSS data collected between 24 July 1927 and 17 June 1989 was obtained from the NOAA, 
National Oceanographic Data Center (NODC), World Ocean database 2009 (WOD09). The WOD09 is a 
scientifically quality-controlled database of selected historical in-situ surface and subsurface 
oceanographic measurements produced by the Ocean Climate Laboratory (OCL) at the NODC. The 
WOD09 was created to provide the full set of data and quality control procedures used to calculate 
climatologies of temperature, salinity, oxygen, phosphate, silicate, and nitrate. The shipboard SSS data 
was collected during 2008 and 2009 by the SMS on board the R/V Hugh R. Sharp from the bow of the 
vessel every 10 s. 
 
Hudson River Bulge 
 
The anticyclonic rotating of large-scale river outflow has been documented at the mouth of the Hudson 
River (Fong and Geyer 2002). The plume from the Hudson River leaves a significant freshwater signal 
toward the right, downstream of the river mouth, and can be separated into two distinct regions: a bulge 
region near the river mouth and a downstream current (Chao and Boicourt 1986). North of the Study 
Area, high outflow events from the Hudson River form this accumulation of clockwise rotating, 
recirculating water or “bulge” at the Hudson River mouth (Chant et al. 2008a). The bulge can extend 30 
km [18.6 mi] from the coast and 40 km [24.9 mi] along the coast out to the head of the Hudson Shelf 
Valley where it crosses the 50-m (164-ft) isobath.  
 
The tendency for the Hudson’s outflow to form a bulge has important implications on the transport of this 
low-salinity, buoyant water across the shelf of the Study Area. During upwelling favorable winds, the 
bulge formation tends to place the Hudson’s outflow in the vicinity of an offshore directed jet that provides 
a direct pathway to transport the freshwater across the shelf (Castelao et al. 2008a; Chant et al. 2008b). 
The Hudson River bulge can limit the volume of freshwater that is advected away in a coastal current by 
30 to 50% (Fong and Geyer 2002; Chant et al. 2008b).  
 
2.2.4 Circulation 
 
The circulation of ocean currents in the vicinity of the Study Area is affected by processes occurring at 
distances far from the Study Area. The coastal current system originates in the Nordic domain as the East 
Greenland Current, winds around the perimeter of the Labrador Basin in a cyclonic direction, exits the 
basin as the Labrador Current, and flows adjacent to the Grand Banks of Newfoundland before entering
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Figure 2-20. Mean seasonal SSS in the Study Area. SSS data included historical SSS data from the 
NODC WOD09 compiled from samples collected between 24 July 1927 and 17 June 1989. In 
addition, SSS data was collected by the SMS on board the R/V Hugh R. Sharp from the bow of the 
vessel every 10 s during the shipboard surveys of 2008 and 2009. Source data: NODC (2010). 
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the Study Area as the Western North Atlantic shelfbreak front and current (Chapman and Beardsley 
1989). The coastal circulation flowing into the northern vicinity of the Study Area is dominated by this slow 
Labrador current (order of 5 cm/s [1.97 in./s]), which flows equatorward carrying subpolar and Arctic-
origin water (Figure 2-21; Beardsley and Boicourt 1981; Fratantoni and Pickart 2007). The southern 
extent of the Labrador Coastal Current flows along the shelf into the Study Area from the northeast to the 
southwest (Chapman and Beardsley 1989; Townsend et al. 2004). The poleward flowing Gulf Stream is 
deflected from shore south of the Study Area. This deflection forms a distinctive and variable water mass 
in the vicinity of the Study Area known as Slope Water (or the Slope Water Sea) that is a mixture of 
several sources. This water mass is formed by the mixing of cooler subpolar and Arctic waters (Labrador 
Current) with the water found on the continental slope (Gulf Stream) and is strongly influenced by wind, 
tides, and Gulf Stream instabilities. The general circulation patterns, including major currents and hypoxic 
(upwelling) centers, in the Study Area are depicted in Figure 2-21.  
 
The actual circulation in the Study Area on any given day is driven by episodic wind events more than by 
large scale current systems (Glenn et al. 2004). For instance, there are significant temporal and spatial 
variations in the longshore current pattern along the New Jersey coast. The longshore current is 
separated into two currents that flow in opposite directions from the bifurcation point: one flows northward 
along the coastline and the other flows southward along the coastline. The bifurcation point can vary in 
location; it can be located south of Barnegat Inlet (commonly south of Beach Haven Inlet) during the 
summer months (May to September) and well north of Barnegat Inlet (often to the north of Bradley 
Beach) during the winter months (December to February; Ashley et al. 1986). 
 
Figure 2-22 displays the mean annual surface currents in the Study Area. Because Figure 2-22 was 
developed over the range of one year (2004), the surface currents displayed are indicative of the major 
surface currents experienced long-term, not the episodic surface currents experienced on any given day. 
The data were collected by the long-range system Coastal Ocean Dynamics Applications Radar or 
Coastal Radar (CODAR) located in Sandy Hook, Loveladies, Wildwood, and Tuckerton, New Jersey. 
These CODARs are able to provide surface current speed and direction beyond the shelf break to 
approximately 100 km (54 NM) offshore New Jersey. 
 
Shelfbreak Front and Current 
 
The shelf/slope front is generally centered near the shelfbreak and supports a shelfbreak current that is a 
persistent feature in the vicinity of the Study Area (Figure 2-21; Fratantoni and Pickart 2007). The 
shelfbreak current is formed at the intersection of the continental shelf and slope where the thermohaline 
shelfbreak front separates relatively cold and saline-depleted shelf waters from warm, saline continental 
slope waters (Fratantoni et al. 2001). The shelfbreak front extends from the surface downward, where it 
intersects the seafloor just shoreward of the shelf break (Halliwell and Mooers 1979). The shelfbreak 
current continues equatorward through the Study Area and terminates inshore of the Gulf Stream off 
Cape Hatteras, North Carolina, decreasing in volume from north to south (Loder et al. 1998; Fratantoni 
and Pickart 2007). The shelfbreak front/current system represents a semipermanent barrier that limits the 
exchange of waters between the shelf and open ocean (Fratantoni et al. 2001). Temperature and salinity 
of the shelfbreak front increase equatorward; however, the changes in temperature and salinity 
compensate each other and the density of the front generally remains constant at 1026.5 kilograms per 
cubic meter (kg/m3 [64.05 pounds per cubic foot [lb/ft3]; Linder and Gawarkiewicz 1998). The shelfbreak 
current transports an estimated 0.2 to 0.3 Sverdrups (Sv; Sv = 106 m3/s [264 million U.S. gallons per 
second]; Linder and Gawarkiewicz 1998). For comparison, measurements taken in the Gulf Stream 
between 55° and 60°W latitude indicate that the Gulf Stream transports approximately 150 Sv (Hogg 
1992). The shelfbreak front/current system is governed by freshwater input, air-sea interactions, wind 
stress, and ice coverage; all of which vary geographically, seasonally, and interannually (Fratantoni and 
Pickart 2007). The displacement of the shelfbreak front seaward is largely regulated by the seasonal 
freshwater input and the advection of this freshwater seaward (Linder and Gawarkiewicz 1998). Figure 2-
21 shows a generalized depiction of the location of the shelfbreak front/current system in relation to the 
Study Area. 
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Figure 2-21. General surface circulation, including major currents and hypoxic centers, in the 
Study Area. Map adapted from: Gilman (1988), Glenn et al. (2004), Kohut et al. (2004), and 
Fratantoni and Pickart (2007). 
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Figure 2-22. Mean annual surface currents in the Study Area as measured by CODAR over the 
year of 2004. Source data: Rutgers Coastal Ocean Observation Lab (2004). 
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Linder and Gawarkiewicz (1998) provide a comprehensive description of the mean structure of the 
shelfbreak front and current. Their results illustrate the seasonal progression of the density front from a 
top to bottom feature in winter to a front isolated from the surface in summer by a seasonal (a rapid 
change in water density with depth). Offshore of New Jersey from December through May, the front 
occurs from the surface more or less perpendicular to the bottom. The intersection of the front with the 
seafloor is located more shoreward during December and January; however, during the summer and 
early fall months (June through November), the front may not reach the surface of the water and its 
leading edge is located as much as 40 km (22 NM) seaward of the 100-m (328-ft) isobath. This is due to 
the presence of a seasonal thermocline and may be affected by higher volumes of freshwater occurring in 
the area during this season. Phytoplankton production is enhanced at this frontal boundary, often with 
twice the phytoplankton concentration as that found in adjacent waters (Ryan et al. 1999). 
 
2.2.5 Upwelling/Downwelling 
 
Upwelling is a dynamic process (through the interaction of currents, density, or bathymetry) where 
warmer, nutrient-poor surface water is replaced by colder, nutrient-rich, and oxygen-rich water from below 
the pycnocline (Mann and Lazier 1991). In wind-driven upwelling, surface water is transported offshore 
and deep, cold water moves vertically to the surface to replace the displaced surface water.  
 
In the Study Area, upwelling often begins as a nearly uniform narrow band (a few kilometers wide) of cold 
water along the coast; however, following a few days of persistent southwesterly wind, a wave pattern 
forms along the upwelling front that eventually dissipates the uniform band into a series of isolated cold 
surface patches (Glenn and Schofield 2003). These upwelling eddies form annually as a result of a series 
of bathymetric highs along the New Jersey coast associated with ancient river deltas (Song et al. 2001). 
They cover a 20-km x 20-km (12.4-mi x 12.4-mi) swath of ocean (Glenn and Schofield 2003) and typically 
offshore of four specific estuaries and inlets (the Hudson-Raritan estuary, Barnegat Inlet, the Mullica 
River estuary, and Townsend/Hereford Inlet; Steimle 1978; Warsh 1987; Glenn et al. 2004).  
 
These episodic upwelling events occur in the summertime and are driven by southwesterly winds 
associated with the atmospheric Bermuda High (Glenn et al. 2004). Winds are predominantly upwelling-
favorable from mid May to September; however, during September there are a few downwelling-favorable 
wind events with the frequency and intensity increasing through October (Fratantoni and Pickart 2007) 
The size and duration of the upwelling events are dependent upon the prevailing/prior wind, total 
precipitation, and overall storm frequency (Glenn et al. 2004). The upwelling event located offshore of the 
Mullica River estuary is typically observed five times each summer, lasts for about a week each time, and 
covers an average area of about 150 km2 (57.9 mi2; Glenn et al. 2004).  
 
These upwelling events are formed as cyclonic eddies; the eddies are formed by a northward flowing 
surface jet on the offshore side of the eddy and a southward countercurrent located at the coast (Glenn et 
al. 2004). These upwelling centers experience recurrent hypoxic conditions reflecting enhanced 
production and particulate organic carbon concentrations sufficiently high to deplete 75% of the oxygen in 
the bottom water (Chant et al. 2004; Glenn et al. 2004). With the onset of upwelling conditions, 
phytoplankton concentrations increase immediately; this indicates that phytoplankton transport to the 
upwelling center is dominated by advection. 
 
2.3 BIOLOGICAL ENVIRONMENT (OVERVIEW) 
 
2.3.1 Habitat 
 
2.3.1.1 Continental Shelf 
 
The Study Area encompasses approximately 4,665 km2 (1,360 NM2) of the New Jersey offshore 
environment. The northwest Atlantic Ocean creates a natural border to the east of New Jersey. The Study 
Area is part of the MAB which is comprised of the continental shelf from Cape Cod, Massachusetts, to 
Cape Hatteras, North Carolina (Steimle and Zetlin 2000). The shelf environment of the Study Area is 
characterized as being relatively flat and dominated by sandy to muddy-sandy sediments (Borondy 1997; 
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NJDEP 2000; Steimle and Zetlin 2000); however, it is not a homogeneous region because it contains 
natural ridge and shoal bathymetric features (Brooks et al. 2006). It can be described as a gently dipping 
offshore extension of the coastal plain (passive margin). The Study Area is bounded to the west by part of 
one of the longest barrier island chains in the world. On the east, the continental shelf ends and the 
continental slope begins at an average depth of 80 m (263 ft; McBride and Moslow 1991). On the inner 
continental shelf of the Study Area, shore-oblique linear sand ridges are common features (Dragos and 
Aubrey 1990). Sand ridges provide a distinct habitat for adults, settled juveniles, and larvae for a number 
of fish species indicating that they have a distinct influence on fish abundance and assemblages (Able et 
al. 2006). Relative to the surrounding continental shelf, sand ridge habitats have been shown to have 
higher species abundances, higher species richness, and distinct species assemblages, including 
recreationally and commercially important species (Vasslides and Able 2008). In a study conducted 
across the Beach Haven Ridge, Vasslides and Able (2008) documented dominant fish species from the 
following families: Paralichthyidae (flounders), Triglidae (sea robins), Gobiidae (gobies), Serranidae, 
Engraulidae (anchovies), Stromateidae (butterfishes), and Sciaenidae (drums and croakers; Vasslides 
and Able 2008). Sand ridges of the Study Area are discussed in greater detail in Section 2.2.1.4 of this 
chapter. Various benthic fauna (e.g., Arthropoda, Bryozoa, Cnidaria, Echinodermata, and Mollusca) are 
found in the continental shelf habitat ranging in size from microscopic to larger macrofauna (Wigley and 
Theroux 1981; Serafy and Fell 1985; Vecchione et al. 1989; Ryland and Hayward 1991; Sebens 1998; 
Steves et al. 1999; Ma et al. 2006b); more detailed information regarding the macrofauna that live on and 
in the continental shelf benthic environment is discussed further in Section 2.3.2. 
 
2.3.1.2 Artificial Reefs 
 
There are numerous artificial reef sites in the Study Area (no natural reefs are present; Figley 2005); 
Figure 2-23. An artificial reef is defined as one or more submerged structures made of natural or man-
made materials purposefully or accidentally (e.g., shipwrecks) deposited on the seafloor. Artificial reefs 
can include piers, docks, bulkheads, ship and plane wrecks, jetties, groins, and breakwaters. 
 
Just like natural reefs, artificial reef habitats offer nursery and foraging sites and protection to marine 
organisms. Since the beginning of the reef program, large numbers of marine life, both pelagic and 
benthic, have recruited to New Jersey nearshore waters. In 2006, an estimated 40% of recreational 
landings occurred on artificial reefs; up from 33% in 2000 (Spoto 2006). 
 
Artificial reefs have been placed in the waters off New Jersey since the early 1900s (Steimle and Zetlin 
2000). Historically, materials used included Christmas trees with concrete bases, concrete filled wooden 
crates, rubber tires, military vehicles, decommissioned ships, and stainless steel subway cars from the 
New York City Transit Authority. Recent side scan sonar data, however, shows that many stainless steel 
cars have collapsed leading the NJDEP to state that they will no longer accept such materials (NJDEP 
2008b; 2010). Furthermore, specially designed and manufactured artificial reefs have also been added to 
sites off New Jersey (Steimle and Zetlin 2000). Regardless of the materials used, all reef types are 
utilized by various marine species (Steimle and Zetlin 2000). 
 
The New Jersey Division of Fish and Wildlife started the New Jersey Reef Program in 1984 (Spoto 2006; 
NJDEP 2008b). Fifteen artificial reef sites have been developed since the inception of the program and at 
least eight can be found in the Study Area (Spoto 2006; NJDEP 2008b). These 15 sites support over 
3,700 patch-reef communities. A patch reef can be defined as an area of reef that has been created by 
various materials and can extend up to many square acres in size (NJDEP 2008b). New Jersey boasts 
the largest artificial reef system in the U.S. (Spoto 2006).  
 
“Reef balls” comprise the majority of artificial reefs in use off the coast of New Jersey today. A reef ball is 
a hollow dome structure generally 1.2 m (4 ft) wide by 0.9 m (3 ft) high weighing about 726 kilograms (kg; 
1,600 pounds [lbs]; Borondy 1997; NJDEP 1999; NJDFW 2000). Reef balls are made of specialized 
concrete that slowly (after 500 years) breaks down into sand (Borondy 1997). The concrete has a 
potentiometric hydrogen ion concentration (pH) close to that of natural seawater allowing it to last longer 
than regular concrete (Borondy 1997). The surface of a reef ball is texturized to allow easier settlement 
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Figure 2-23. Location of artificial habitats found in the Study Area. Source data: NOAA/Office of 
Coast Survey (2008b) and NJDEP (2008a). 
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for benthos (e.g., mussels, barnacles, sponges, and anemones) and there are multiple holes of varied 
sizes within the structure to provide shelter to mobile epifauna from predators and fishing gear (Borondy 
1997; Steimle and Zetlin 2000). 
 
Recruitment to an artificial reef begins immediately and after only a few weeks various reef builders can 
be observed (Borondy 1997). Environmental Protection Agency (EPA) biologists surveyed an artificial 
reef after the reef had been submerged for two years. More than 39,900 organisms were counted on a 
0.9 m (3 ft) by 0.3 m (1 ft) structure with blue mussels (Mytilus edulis) constituting more than 60% of the 
total organism count. Other fauna included barnacles, worms, snails, crabs, and encrusting organisms 
(i.e., bryozoans, sponges, and hydroids). Previously, it was thought that organisms associate with artificial 
reefs because of increased food availability (Steimle and Ogren 1982); however, Steimle and Ogren 
(1982) found that most fishes associate with Atlantic artificial reef habitats for shelter and other behavioral 
needs and are not dependent upon the reef for food.  
 
Reefs provide habitat for many commercially and recreationally important organisms (Spoto 2006). Most 
reefs off the coast of New Jersey are located at depths of 18 m (60 ft) or more. At this depth, there is not 
adequate light to support many plants; however, filter feeders (i.e., mussels, barnacles, and tubeworms) 
can thrive and provide food and hiding places for mobile fauna (NJDEP 2000). 
 
Common sessile reef inhabitants associated with New Jersey artificial reefs include red algae colonies 
(Phyllophora sp.), sponges (Halichondria sp. and Polymastia sp.), anemones (Metridium senile, Tealia 
sp., and Stomphia careoia), northern stone coral, mollusks, barnacles, bivalves, bryozoans, and 
amphipods (Steimle and Zetlin 2000). Some mobile fauna are lobsters, crabs, sea stars, urchins, 
polychaetes, Atlantic cod (Gadus morhua), gray triggerfish (Balistes capriscus), tautog (Tautoga onitis), 
black sea bass (Centropristis striata), scup (Stenotomus chrysops), ocean pout (Zoarces americanus), 
hake (Urophycis/Merluccius spp.), conger eel (Conger oceanicus), and cunner (Tautogolabrus adspersus; 
Borondy 1997; Steimle and Zetlin 2000). 
 
Reefs, artificial or natural, increase the biological productivity of the local marine environment (NJDEP 
2000). Some biological communities are dependent upon or benefit from reef ecosystems; such 
communities can include from microalgae to megaflora, fishes, and sea turtles (Steimle and Zetlin 2000). 
Other marine species such as marine mammals, sea turtles, and diving birds are drawn to reef systems, 
for foraging and shelter. Reef systems can also create a chain of foraging and resting sites for many 
migrating marine species (e.g., marine mammals and sea turtles).  
 
2.3.2 Flora and Fauna (Overview) 
 
2.3.2.1 Phytoplankton 
 
Phytoplankton are single-celled organisms that are similar to plants because they use sunlight and 
chlorophyll to photosynthesize. At the base of the marine food chain, phytoplankton are very important to 
the overall productivity of the ocean. Their growth and distribution are influenced by many factors, the 
most important of which are temperature (Eppley 1972), light (Yentsch and Lee 1966), and nutrient 
concentration (Goldman et al. 1979). Other factors such as pH and salinity affect growth and production 
(Parsons et al. 1984).  
 
Phytoplankton distribution is patchy, occurring in environments that have optimal light, temperature, and 
nutrient conditions. In general, the concentration of phytoplankton will be higher in nearshore areas where 
there is input of nutrients from land sources (Figure 2-24). Phytoplankton use dissolved nitrogen (nitrate/ 
nitrite/ammonia), phosphorous (phosphate), and silica (silicate) in their growth and photosynthetic 
processes. Phosphorous limitation is typical of freshwater systems while marine systems are more likely 
to be nitrogen limited. Phytoplankton biomass can be estimated from the concentration of chlorophyll a 
(chl a) measured in the water column or at the sea surface. Thus the chl a concentration is often used as 
a proxy for phytoplankton abundance (Figure 2-24). In general, in continental shelf and slope waters, the 
concentration of chl a decreases with distance from shore and with increasing water depth. The peak chl 
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Figure 2-24. Mean seasonal surface chl a concentrations found in the Study Area from 01 January 
2007 through 31 December 2009. Source data: NASA (2010). 
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a concentration is sometimes found at the sea surface but can also be found below the photic zone 
(depth to which light penetrates). When there is a sufficient supply of light, the amount of phytoplankton 
and chlorophyll will be regulated by available nutrient concentrations.  
 
In the MAB, primary productivity is governed by the seasonal stratification of the shelf (Schofield et al. 
2008). During summer, stratification is so intense that primary production is low with the exception of the 
coastal areas, such as in the Study Area, where upwelling allows for high primary production (Glenn et al. 
2004). In the coastal areas of the Study Area, chl a values are significantly higher than those more 
offshore with the highest concentrations (>10 micrograms per liter [µg/L]) being associated with the 
upwelling centers located offshore of the Hudson-Raritan estuary, Barnegat Inlet, the Mullica River 
estuary, and Townsend/Hereford Inlet (Glenn et al. 2004). Phytoplankton within the upwelled waters are 
typically dominated by chromophytic algae with diatoms being the major phytoplankton taxa present 
(Glenn et al. 2004). Outside of the Study Area, on the mid and outer shelf, primary production is low as 
the shelf waters remain stratified, nutrients are depleted in the euphotic zone, and the phytoplankton 
population relies on the diffusive nutrient flux across the pycnocline. Here, stratification is significantly 
intense that the pycnocline remains intact during tropical storms and hurricanes (Glenn et al. 2008). 
Therefore, the most recurrent phytoplankton blooms occur during the fall and winter seasons when 
stratification diminishes (due to seasonal convective overturn and frequent storms) and nutrients are 
replenished in the euphotic zone (surface layer of the water column [usually 80 to 200 m (262.5 to 656.2 
ft)], where light penetration is sufficient to support photosynthesis; Ryan et al. 1999; Yoder et al. 2002; 
Schofield et al. 2008). In the vicinity of the Study Area, the winter bloom generally extends from the 
shoreline to a mean depth of 41 m (134.5 ft) or approximately 44 km (24 NM) offshore. 
 
Figure 2-24 displays the mean seasonal surface chl a concentrations found in the Study Area. In the 
development of this figure, chl a concentrations for the Study Area between was 01 January 2007 and 31 
December 2009 was downloaded from the NASA, Goddard Earth Sciences Data and Information 
Services Center. The data was collected on board the Aqua Earth Observing System satellite for MODIS 
Level 3 data at a resolution of 1 km. The raw satellite data was processed by NASA by ratioing channel 
9:channel 7 (green:blue) with SeaSpace Terascan software and subsequently processed further by the 
Rutgers Coastal Ocean Observation Lab.  
 
2.3.2.2 Zooplankton 
 
Zooplankton are aquatic animals ranging from the smallest protozoans to jellyfish (Wiebe et al. 1987). 
They can be classified according to logarithmic size classes, with picoplankton measuring 0.2 to 2 
microns (µm), nanoplankton measuring 2 to 20 µm, microplankton measuring 20 to 200 µm, and 
mesoplankton measuring larger than 200 µm (Sieburth et al. 1978). Zooplankton can also be classified 
according to life cycle, with holoplankton spending their entire lives in the water column and meroplankton 
spending only certain stages (larvae) of their life cycle in the water column. Zooplankton form an essential 
link connecting fishes, birds, marine mammals, other large marine species and the primary producers 
(phytoplankton and marine bacteria) of the marine food web. They also contribute to the marine food web 
by providing a significant source of organic matter to the seafloor through the production of fecal pellets 
(marine snow). Although many are able to move sizable distances at moderate speeds and thus can 
perform diel vertical migrations of hundreds of meters, ocean currents and the suitability of the physical, 
chemical, and biological components of the hydrographic regimes they encounter determine their large-
scale horizontal distributions. Zooplankton populations show heterogeneous dispersion patterns at a wide 
range of temporal and spatial scales, from hours to years and from meters to thousands of kilometers 
(Bucklin and Wiebe 1986). Zooplankton population oscillations tend to occur on the order of a month, 
those of primary producers (including marine bacteria) can be measured in days (Fenchel 1988).  
 
The major zooplankton groups include chaetognaths, copepods, gelatinous zooplankton, icthyoplankton, 
amphipods, cladocerans, euphausiids, heteropods, polychaetes, and pteropods (Byrnes et al. 2000). 
Judkins et al. (1980) studied the zooplankton (sans ichthyoplankton) in the vicinity of the Study Area and 
found that, on the average, copepods comprised the majority (62%) of the zooplankton in the area with 
two species, Pseudocalanus sp. and Centropages typicus, accounting for at least 13% of the annual 
mean for total zooplankton and pteropods (almost exclusively of the species, Limacina retroversa) 
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accounting for another 13%. The remaining groups (and percentage of relative abundance) that make up 
the zooplankton assemblage of the area included pteropods and gastropod veligers (15%), cladocerans 
(Penilia avirostris plus Evadne spp.; 10%), urochordates (doliolids and appendicularians; 6%), and all 
other groups (e.g., echinoderm plutei, medusae, polychaete larvae, chaetognaths; less than 1%; Judkins 
et al. 1980). 
 
The Study Area exhibits large seasonal changes in water temperature (see Section 2.2.2.1); these 
temperature changes strongly regulate zooplankton productivity, species composition, and spatial 
distribution. For example, there is an increase in the incidence of subtropical-tropical species in fall and 
summer that is probably due to the annual intrusion of the warm waters of the Gulf Stream over the 
continental slope. In addition, there is an increase in the abundance of common coastal species and an 
increase in the abundance of several common oceanic species (e.g., Calanus finmarchicus, Oithona 
atlantica, Clausocalanus pergens, Metridia lucens) over the shelf and toward the coast during warmer 
seasons of the year due to the shoreward mixing of slope water with shelf water (Judkins et al. 1980). In 
general, zooplankton display a strong seasonal pattern with a spring enhancement of biomass within the 
upper 200 m (656 ft; Wiebe et al. 1987). Maximum abundances occur in spring between April and May 
(on the outer shelf; dominated by Pseudocalanus sp. and C. finmarchicus) and in late summer between 
August and September (on the inner shelf; dominated by C. typicus and Ternora longicornis; Judkins et 
al. 1980; Flagg et al. 1994b). The lowest abundance begins in November and reaches a minimum in 
February (Sherman et al. 1998).The relatively large size of the Calanus species and its annual cycle in 
the waters of the Study Area causes its growth to be prominent feature of the ecosystem in the spring 
(Flagg et al. 1994c). Increases in zooplankton biomass may occur when shelf water intrudes over slope 
water, creating a stratified water column. High nutrients and a shallow mixed layer will give rise to 
enhanced primary production, which in turn leads to an increase in zooplankton biomass or secondary 
production. The seasonality of zooplankton abundance is provided in Table 2-3. 
 
 
 
Table 2-3. Zooplankton taxa abundance as a function of season for the vicinity of the Study Area. 
 
 

Taxa common during all seasons 
Copepods 

Centropages typicus, Pseudocalanus sp., Calanus finmarchicus, Paracalanus parous, Oithona 
atlantica, Metridia lucens, Clausocalanus pergens 

Chaetognaths 
Sagitta elegans, Sagitta serratodentata 

Pteropods, appendicularians, medusae, polychaete larvae, bivalve veligers, Euphausiid furcilia, 
calyptopsis stages 

Maximum abundance in winter 
Limacina retroversa 
Maximum abundance in spring 
Pseudocalanus sp., Calanus finmarchicus, Oithona similis, Metridia lucens, Clausocalanus pergens, 
Evadne spp., appendicularians, gastropod veligers, medusae, polychaete larvae 
Maximum abundance in early summer 
Centropages typicus, Temora longicornis, Sagitta elegans 
Maximum abundance in late summer 
Paracalanus parous, Penilia avirostris, doliolids, echinoderm plutei, Acartia tonsa 

 
 
The zooplankton taxa that were more abundant on the inner shelf (less than 50-m [164-ft] water depth) 
included C. typicus, Penilia avirostris, T. longicornis, Evadne spp., Acartia tonsa, and doliolids while the 
taxa that were more abundant on the outer shelf (more than 50-m [164-ft] water depth) included Calanus 
finmarchicus, Oithona similis, O. atlantica, M. lucens, and Clausocalanus pergens. The outer shelf 
zooplankton assemblage reached maximum abundance during March (dominated by L. retroversa, 
Pseudocalanus sp., O. similis, Paracalanus parvus, and M. lucens) and again in May (dominated by 
Pseudocalanus sp., Calanus finmarchicus, and O. similis). The inner shelf zooplankton assemblage 



JULY 2010 NJDEP EBS FINAL REPORT: VOLUME I 

2-48 

reached maximum abundance in July (dominated by Centropages typicus and T. longicornis). In general, 
those species which were abundant in the outer shelf region during winter and spring were much less 
abundant near the coast during those times; however, some species were seldom, if ever, abundant on 
the outer shelf; these include doliolids and the coastal-estuarine species Penilia avirostris, T. longicornis, 
and A. tonsa (Judkins et al. 1980). 
 
Although many of these species display a seasonal signal, some species of zooplankton were ubiquitous 
near the coast, offshore, and seasonally; these include Calanus finmarchicus, Pseudocalanus sp., 
Centropages typicus, O. similis, M. lucens, Centropages hamatus, S. elegans, medusae, 
appendicularians, pteropods, gastropod veligers, and polychaete larvae (Judkins et al. 1980; Sherman et 
al. 1998).  
 
In the Study Area, thermal stratification breaks down seasonally and nutrients are returned to the surface 
waters which results in high productivity; this explains the characteristic seasonal pulses in plankton 
biomass and species succession as well as the enhanced productivity of upwelling zones (Sherman et al. 
1998). Zooplankton and phytoplankton spring blooms tend to occur simultaneously without lag between 
the two with high biological productivity located along the edge of the continental shelf (along the shelf-
slope frontal zone; Flagg et al. 1994a). Zooplankton production in the vicinity of the Study Area is food-
limited as the total phytoplankton biomass may not be available to the zooplankton as food. When 
phytoplankton are abundant in spring, zooplankton don’t consume much of the spring bloom but during 
the fall, they graze intensely with ingestion rates equal to the rate of primary production (Durbin and 
Durbin 1996). In general, zooplankton are not capable of taking up particles of bacterial and ciliate size; 
however, consumption by heterotrophic nanoflagellates accounts for the majority of the bacterial 
production grazing (Fenchel 1988).  
 
Meroplankton 
 
Meroplankton are an important portion of the zooplankton that spends only part of its life as plankton; 
meroplankton can include the eggs, larval, and juvenile stages of many organisms (i.e., fish 
[icthyoplankton], some macroflora spores, and benthos [including, but not limited to, the trochophore, 
veliger, zoea, and nauplius larvae]). Meroplankters are carried by currents (not free swimming) which 
provide a means of dispersal; meroplankters also provide an important food source for other zooplankton 
and other organisms. In a study conducted in the Study Area, Judkins el al. (1980) collected samples and 
documented meroplankton that included anthozoan larvae, barnacle cyprises, barnacle nauplii, bivalve 
veligers, decapods larvae, echinoderm pleutei, ectoproct larvae, gastropod veligers (most abundant), 
polychaete larvae, and stomatopod larvae (Judkins et al. 1980).  
 
In collections of icthyoplankton for the Study Area, sand lances (Ammodytes spp.), hakes (Urophycis 
spp.), and silver hake (Merluccius bilinearis) were the most represented larvae taxa (in order of 
decreasing abundance) accounting for 43% of the population. The larvae that represented less than 1 to 
5% of the species included anchovies (Engraulidae), Atlantic herring (Clupea harengus), dogtooth 
lanternfish (Ceratoscopelus maderensis), Atlantic cod, haddock (Melanogrammus aeglefinus), bluefish 
(Pomatomus saltatrix), Atlantic mackerel (Scomber scombrus), butterfish (Peprilus triacanthus), and 
flatfishes including windowpane flounder (Scophthalmus aqousus), Gulf Stream flounder (Citharichthys 
actifrons), smallmouth flounder (Etropus microstomus), fourspot flounder (Paralichthys oblongus), and 
yellowtail flounder (Limanda ferrugineus; Doyle et al. 1993). The ichthyoplankton assemblages found in 
the Study Area display a seasonal signature with the larval taxa present generally corresponding with the 
existing adult fish assemblage and the seasonality of eggs and larval corresponding with the spawning 
times of adults (Smith 1988). While there are some endemic (resident) year-round species, the distinct 
larval community is probably due to the large number of spawning species, extensive dispersal of eggs 
and larvae, and spawning periods of long duration, as well as to the continuous influx/outflux of migrant 
northern and southern species (Olney and Bilkovic 1998). More than 200 taxa of fish eggs and larvae 
have been reported in the MAB region (Pacheco 1988; Smith 1988; Doyle et al. 1993). Eggs and larvae 
are most abundant in summer with maximum levels occurring in June, they reach relatively low 
abundance in late winter. The principal larval taxa that dominate the larval assemblages are dependent 
on season (Table 2-4; Colton et al. 1979; Sherman et al. 1984; Able and Fahay 1998).  
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Table 2-4. Dominant larval taxa for the Study Area by season in order of abundance (Colton et al. 
1979; Sherman et al. 1984; Able and Fahay 1998). 
 
 

Common Name Scientific Name 
Winter 
*Sand lances Ammodytes spp. 
Atlantic cod Gadus morhua 
Hakes: spotted and white Urophycis regia and U. tenius 
Winter flounder Pseudopleuronectes americanus 
Spot Leiostomus xanthurus 
Spring 
Glacier lanternfish Benthosema glaciale 
Atlantic mackerel Scomber scombrus 
Sand lances Ammodytes spp. 
Windowpane flounder Scophthalmus aqousus 
Butterfish Peprilus triacanthus 
Yellowtail flounder Limanda ferrugineus 
Weakfish Cynoscion regalis 
Summer 
Smallmouth flounder Etropus microstomus 
Gulf Stream flounder Citharichthys actifrons 
Anchovies Engraulidae 
Bluefish Pomatomus saltatrix 
Butterfish Peprilus triacanthus 
Searobins Prionotus spp. 
Atlantic menhaden Brevoortia tyrannus 
Atlantic croaker Micropogonias undulatus 
Tautog Tautoga onitis 
Fall 
Searobins Prionotus spp 
Hakes: spotted and white Urophycis regia and U. tenius 
Gulf Stream flounder Citharichthys actifrons 
Smallmouth flounder Etropus microstomus 
Windowpane flounder Scophthalmus aqousus 
Summer flounder Paralichthys dentalus 
Atlantic menhaden Brevoortia tyrannus 

* comprise over 90% of all taxa in winter 
 
 
2.3.2.3 Seagrasses 
 
Seagrasses are an important feature of the MAB ecosystem. Seagrass meadows provide nurseries and 
shelter for a variety of commercially important marine organisms (e.g., flounder [Paralichthyidae], smelt 
[Osmeridae], Atlantic striped bass [Morone saxatilis], Atlantic cod, lobsters, and blue mussels) as well as 
feeding and resting sites for birds (e.g., ducks [Anatidae], Canada Geese [Branta canadensis], and 
Atlantic Brant [Branta bernicla hrota]).  
 
Eelgrass (Zostera marina) is the primary seagrass species found on the east coast of North America. 
Previously, eelgrass occurred throughout the western North Atlantic from Quebec, Canada down along 
New Jersey; however, in the early 1930s, a protist slime mold (Labyrinthula zosterae) caused a wasting 
disease (Green and Short 2003) that resulted in the mortality of 90% of the eelgrass biomass off the 
eastern seaboard from North Carolina to Nova Scotia (Bochenek 1997). Off of New Jersey alone, 20 km2 
(7.7 mi2) of eelgrass beds were wiped out (Green and Short 2003). The population gradually recovered in 
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the 40 years following the disease; however, previous distribution has not yet been reestablished (Green 
and Short 2003). 
 
Differences exist between ecosystems that have seagrasses and those that do not. A loss or lack of 
seagrass meadows can cause sediments to be less stable, often resulting in poor water clarity, loss of 
organic matter, and increased sediment movement and resuspension. The loss of a seagrass ecosystem 
can trigger biological changes that can include: suspension feeders taking over where infaunal 
communities, in the presence of seagrasses, were largely-deposit feeders; a decline in epibenthic species 
abundance; and a drop in abundance of marine birds dependent on seagrasses (Green and Short 2003). 
 
At least two species of seagrass occur in the back barrier lagoons of New Jersey (i.e., eelgrass and 
widgeon grass [Ruppia maritima]); however, there are no current documented seagrasses within the 
Study Area (Macomber and Allen 1979; Green and Short 2003).  
 
2.3.2.4 Benthic Invertebrates 
 
The benthic invertebrate (epifauna) taxa that occur along the New Jersey inner shelf in the Study Area 
often exhibit seasonal and spatial variations in distribution and abundance (Byrnes et al. 2000). Some of 
the common macrofauna of the Study Area include species from several taxa including echinoderms 
(e.g., sea stars, sea urchins, and sand dollars), cnidarians (e.g., sea anemones and corals), mollusks 
(e.g., bivalves, cephalopods, and gastropods), bryozoans, sponges, amphipods, and crustaceans.  
 
Worldwide there are at least 955 living species of echinoderms (e.g., sea stars, sea urchins, and sand 
dollars); of these, about 156 species inhabit the North Atlantic. Echinoderms inhabit the benthic substrate 
from the intertidal zone to the abyssal plain. Common species found in the Study Area are Cidaris 
abyssicola, purple-spined sea urchin (Arbacia punctulata), Northern sea urchin (Strongylocentrotus 
droebachiensis), common sand dollar (Echinarachnius parma), five-slotted sand dollar (Mellita 
quinquiesperforata), Schizaster orbignyanus, and sea potato (Echinocardium cordatum; Serafy and Fell 
1985; Viscido et al. 1997; Pearce et al. 2000).  
 
Various cnidarians can be found on sandy, muddy, and rocky sediments in the Study Area. Sea 
anemones that inhabit sandy and muddy substrates often burrow slightly into the sediments while other 
anemones attach to hard surfaces such as rocks, reefs, artificial structures, and even other organisms 
(e.g., mollusk shells and crustaceans). Soft corals and sea anemones of the Study Area include the 
deeplet sea anemone (Bolocera tuediae), North American tube anemone (Ceriantheopsis americanus), 
northern cerianthid (Cerianthus borealis), lined sea anemone (Edwardsiella lineata), and plumose 
anemone (Metridium senile; Sebens 1998). Other cnidarians that likely inhabit the Study Area include 
hydrozoans and gorgonians (i.e., sea whips, sea fans, and sea pens; Wigley and Theroux 1981). 
Cnidarians, specifically jellyfish species, are highly important in the diet of leatherback sea turtles 
(Bjorndal 1997). 
 
Several species of mollusk also occur within the Study Area. Mollusks include bivalves (e.g., clams and 
mussels), cephalopods (e.g., octopus, squid, and cuttlefish), and gastropods (e.g., snails and slugs). 
Bivalves of the Study Area include the Atlantic surfclam. The Atlantic surfclam occurs in “beds” or 
aggregations on the sandy substrate of the continental shelf in the Study Area; they inhabit waters 
ranging in depth from nearshore to at least 80 m (262 ft; Byrnes et al. 2000). Cephalopods of the Study 
Area include the long-finned squid (Loligo pealei), short-finned squid (lllex illecebrosus), and common 
octopus (Octopus vulgaris; Vecchione et al. 1989). Some common gastropods that occur along the New 
Jersey inner shelf in the Study Area include whelks (Busycon spp.) and the moon snails Euspira heros 
and Nevirita duplicate (Viscido et al. 1997; Pearce et al. 2000). Larval and adult stage mollusks are eaten 
by many organisms including sea turtles (young green [Chelonia mydas], loggerhead [Caretta caretta], 
hawksbill [Eretmochelys imbricata], Kemp’s ridley [Lepidochelys kempii], olive ridley [Lepidochelys 
olivacea], and flatback [Natator depressus]), fishes, filter feeders, and sea stars (Bjorndal 1997). Various 
species of mussels, clams, snails, and slugs are likely to be found along the inner and middle shelf 
regions of New Jersey (Wigley and Theroux 1981).  
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Bryozoans are microscopic sessile invertebrates that occur in small to large colonial forms (Ryland and 
Hayward 1991). They are found in all oceans from the rocky intertidal zone to the abyssal plains; often 
comprising the abundant majority of mid and outer shelf benthos (Clarke and Lidgard 2000). Some 
species of this sessile epifauna are capable of producing calcium carbonate exoskeletons while others 
are not. There are two types of bryozoa; encrusting and erect. While encrusting species form “sheets”, 
erect species form uncalcified (soft) dense bushes, calcified (hard) coral forms, and branched forms. 
Erect bryozoans of the Study Area can be found on shell and stone substrates as well as attached to 
hydroids, algae, and other bryozoans. Both encrusting and erect species can be found in the Study Area. 
The erect species that are found in the Study Area include Bowerbankia imbricata, Bugula fulva, and 
Nolella stipata (Ryland and Hayward 1991). 
 
Other common macrofauna of the Study Area include sponges, amphipods, and crustaceans. The mid-
shelf is dominated by sand dollars and surf clams from about 40 to 70 m (131 to 230 ft), while various 
other organisms (e.g., rock crabs, hermit crabs, cancer crabs, horseshoe crabs, spider crabs, and 
lobsters) are found throughout the shelf (Steves et al. 1999; Ma et al. 2006a). Some common 
crustaceans that occur along the New Jersey inner shelf in the Study Area include hermit crabs (Pagurus 
spp.), Atlantic rock crab (Cancer irroratus), and sevenspine bay shrimp (Crangon septemspinosa; Viscido 
et al. 1997; Pearce et al. 2000). 
 
In the southern end of the Study Area is the Dr. Carl N. Shuster, Jr. Horseshoe Crab Reserve. It is 
located 6 km (3 NM) south of Little Egg Harbor and extends south of the Delaware Bay. The Reserve was 
established in 2001 and it encompasses a 3,885 km2 (1,500 mi2) area of inner continental shelf habitat. 
This reserve protects the largest population of the American horseshoe crab (Limulus polyphemus) in the 
western Atlantic (NMFS 2001b; Walls et al. 2002).  
 
The horseshoe crab has existed for more than 200 Ma. Four species of horseshoe crab exist in two 
regions of the world. Three species, Tachypleus tridentatus, T. gigas, and Carcinoscorpius rotundicauda 
are found in Asian waters from India to Japan. A single species, American horseshoe crab, is found in the 
western Atlantic from Maine to the Yucatan; this species is also repeatedly introduced to European 
waters by fisherman, but is not reproductively viable. The largest population of American horseshoe crab 
resides in the Delaware Bay (Walls et al. 2002; Smith 2005) and it is found on the continental shelf from 6 
to 18 m (20 to 60 ft) during the winter season. Horseshoe crabs are an important resource. Commercial 
fisheries utilize them for eel and conch bait (Walls et al. 2002), biomedical researchers harvest the 
horseshoe crabs’ blood for endotoxin studies (Walls et al. 2002; Smith 2005), and an estimated one 
million migratory shorebirds (11 species) stop in the Delaware/New Jersey area to feed on eggs and 
stranded adults. Other predators that feed on horseshoe crabs include: mollusks, crustaceans, fishes, 
leopard sharks (Triakis semifasciata), eels, and loggerhead sea turtles (Walls et al. 2002). 
 
Of specific mention to the benthos of the Study Area are sand ridge habitats discussed in Section 
2.2.1.4. In a study sampling the benthos of the Beach Haven Ridge, Viscido et al. (1997) found that the 
sevenspine bay shrimp was the most abundant, followed by Atlantic rock crab, lady crab (Ovalipes 
ocellatus), and spider crab (Libinia emarginata). The most common pattern of distribution found by the 
Beach Haven sand ridge studies was that benthos were abundant around (landward and seaward), but 
not on top of the ridge and that the abundance of most taxa (with some exceptions) was low in winter and 
reached maximum densities in summer (Viscido et al. 1997). Table 2-5 provides a list of common 
benthos that inhabit the Study Area. 
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Table 2-5. A summary of common benthic invertebrate species that inhabit the Study Area (Serafy 
and Fell 1985; Vecchione et al. 1989; Ryland and Hayward 1991; Viscido et al. 1997; Sebens 1998; 
Byrnes et al. 2000; Pearce et al. 2000; Walls et al. 2002). 
 
 

Common Name Scientific Name 
Echinoderms 
N/A Cidaris abyssicola 
Purple-spined sea urchin Arbacia punctulata 
Northern sea urchin Strongylocentrotus droebachiensis 
Common sand dollar Echinarachnius parma 
Five-slotted sand dollar Mellita quinquiesperforata 
N/A Schizaster orbignyanus 
Sea potato Echinocardium cordatum 
Cnidarians 
Deeplet sea anemone Bolocera tuediae 
North American tube anemone Ceriantheopsis americanus 
Northern cerianthid Cerianthus borealis 
Lined sea anemone Edwardsiella lineata 
Plumose anemone Metridium senile 
Mollusks 
*Atlantic surfclam Spisula solidissima 
*Long-finned squid Loligo pealei 
*Short-finned squid lllex illecebrosus 
Common octopus Octopus vulgaris 
*Whelks Busycon spp. 
Northern moon snail Euspira heros 
Shark eye Nevirita duplicata 
Bryozoans 
N/A Bowerbankia imbricata 
N/A Bugula fulva 
N/A Nolella stipata 
Crustaceans 
Hermit crabs Pagurus spp. 
Atlantic rock crab Cancer irroratus 
Sevenspine bay shrimp Crangon septemspinosa 
American horseshoe crab Limulus polyphemus 
Lady crab Ovalipes ocellatus 
Spider crab Libinia emarginata 

* Important fishery resource in the Study Area 
 
 
2.3.2.5 Birds 
 
Although most of the Study Area is considered marine, the avifauna is dominated by coastal species 
during all seasons (Walsh et al. 1999, see Volume II: Chapter 2.0). Gulls (Larinae) form the backbone of 
the bird life, with three common breeding species, two of which (Herring Gull [Larus argentatus] and 
Great Black-backed Gull [Larus marinus]) are common year-round. In most years, Laughing Gull 
(Leucophaeus atricilla) is the most numerous species in the project area during the north-temperate 
breeding season (April to July; Sibley 1997; Walsh et al. 1999). Laughing Gull numbers typically peak in 
July with the fledging of young and prior to southward migration in fall. Herring Gull numbers in coastal 
New Jersey usually peak in mid-fall, before many of the young-of-the-year have departed for the winter; 
however, arrivals of large numbers of wintering individuals from farther north probably keep the local 
population at or near peak size well into winter (Sibley 1997). Great Black-backed Gull probably exhibits 
population peaks similar to that of Herring Gull, but at lower absolute numbers (Sibley 1997). Common 
Tern (Sterna hirundo) and Forster’s Tern (Sterna forsteri; particularly the former), account for most of the 
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non-gull birds found in the project area during the breeding season (See Volume II: Chapter 2.0). Royal 
Tern (Thalasseus maxima), a recent addition to the New Jersey breeding avifauna, is much less common 
here than are the other two tern species (see Volume II: Chapter 2.0). A few species of austral migrant 
Procellariiformes seabirds arrive in the Study Area in May to June (Walsh et al. 1999). These migrants, 
Greater Shearwater (Puffinus gravis), Sooty Shearwater (Puffinus griseus), and Wilson’s Storm-Petrel 
(Oceanites oceanicus), are considerably more common over deep water than over shelf waters, though 
Wilson’s Storm-Petrel can still be found here in fairly significant numbers (Sibley 1997; Walsh et al. 1999). 
Additionally, Cory’s Shearwater (Calonectris diomedea), breeding in the eastern Atlantic, arrives in the 
western Atlantic during the same time (Walsh et al. 1999; Onley and Scofield 2007). The summer season 
is typically the season of lowest bird abundance. 
 
The migration seasons (March to May and August to December) bring large numbers of individuals of 
arctic- and subarctic-breeding species into the Study Area. Of particular note is the massive autumn 
(September to December) flight of waterfowl (particularly scoters [Melanitta spp.]), loons [Gavia spp.], 
Double-crested Cormorants (Phalacrocorax auritus), and Northern Gannets (Morus bassanus) into and 
through New Jersey waters. Cape May Bird Observatory has been monitoring this passage of nearly one 
million birds annually since 1993 from a station at Avalon, Cape May County.11 The spring passage of 
migrants is relatively minor (See Volume II: Chapter 2.0); however, the spring passage greatly increases 
the numbers of birds present in the Study Area. Spring passage is dominated by Double-crested 
Cormorants, scoters, and Northern Gannets. From late August through early October, southbound 
waterbird migration is dominated by greater than 100,000 Double-crested Cormorants that pass through 
the state’s coastal areas. In October, and continuing through mid-November, waterfowl (particularly Surf 
Scoter [Melanitta perspicillata] and Black scoter [Melanitta nigra]), with greater than 500,000 birds in 
passage, are the dominant component of the waterbird migration (Cape May Bird Observatory unpubl. 
data). From mid-November through mid-December, Red-throated Loon (Gavia stellata) and Northern 
Gannet provide most of the remaining migrants (Sibley 1997). The annual count at Avalon ends 22 
December, but the later-migrating species continue to trickle through into January (e.g., Razorbill [Alca 
torda]). 
 
Winter (December to March) bird numbers are dominated by the piscivorous Northern Gannet, although 
actual numbers of that species vary from year to year, almost certainly due to varying prey populations 
(Walsh et al. 1999, see Volume II: Chapter 2.0). Surf Scoter and Black Scoter, the two year-round gull 
species and Red-throated Loons and Common Loons (Gavia immer) account for most of the rest of the 
Study Area avifauna at this season (see Volume II: Chapter 2.0). In some years (as in 2009), there is an 
influx of relatively large numbers of alcids (auks; Alcidae) in New Jersey shelf waters January to March, 
with Razorbill being, by far, the most numerous species of the group here. This group, as in the 
Procellariiformes (the albatrosses, procellariids, storm-petrels and diving petrels), is much more 
numerous over deep water than over the shelf (Walsh et al. 1999). 
 
2.3.2.6 Marine Mammals 
 
Marine mammals are an important and federally protected marine resource that occurs in the Study Area. 
Forty-two marine mammal species have confirmed or potential occurrence in the Study Area based on 
known distribution and habitat associations (Table 2-6). Known or potential species include 35 cetaceans 
(whales, dolphins, and porpoises), six pinnipeds (seals), and one sirenian (manatee). All marine mammal 
species are afforded protection under the U.S. Marine Mammal Protection Act (MMPA). Seven of these 
marine mammal species are designated as threatened or endangered under the U.S. Endangered 
Species Act (ESA) and, therefore, are provided additional legal protection.  
 
Prior to this project, marine mammal distribution in the nearshore waters of New Jersey was not well 
known. Besides providing possible habitat for nearshore toothed whales [e.g., bottlenose dolphins 
(Tursiops truncatus)] and pinnipeds [e.g., harbor seals (Phoca vitulina)], the waters of the Study Area are 
also likely important to baleen whales, particularly the North Atlantic right whale (Eubalaena glacialis) 
which migrates through the nearshore waters of the eastern U.S. coast between feeding and breeding 
areas. The species recorded during the baseline study are discussed in more detail in Volume III. More 
information about the other marine mammal species included in Table 2-6 can be found in Jefferson et al. 
(2008) and Waring et al. (2009). 
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Table 2-6. Marine mammal species with known or potential occurrence in the Study Area. ESA 
status is denoted. Naming conventions are consistent with the NOAA Stock Assessment Report 
(Waring et al. 2009). 
 
 

Common Name Scientific Name ESA Status 
Order Cetacea   
Suborder Mysticeti (baleen whales)   
Family Balaenidae   
North Atlantic right whale Eubalaena glacialis Endangered 
Family Balaenopteridae (rorquals)   
Humpback whale Megaptera novaeangliae Endangered 
Minke whale Balaenoptera acutorostrata  
Bryde’s whale Balaenoptera edeni  
Sei whale Balaenoptera borealis Endangered 
Fin whale Balaenoptera physalus Endangered 
Blue whale Balaenoptera musculus Endangered 
Suborder Odontoceti (toothed whales)   
Family Physeteridae   
Sperm whale Physeter macrocephalus Endangered 
Family Kogiidae   
Pygmy sperm whale Kogia breviceps  
Dwarf sperm whale Kogia sima  
Family Monodontidae   
Beluga Delphinapterus leucas  
Family Ziphiidae (beaked whales)   
Cuvier's beaked whale Ziphius cavirostris  
Northern bottlenose whale Hyperoodon ampullatus  
Blainville's beaked whale Mesoplodon densirostris  
Sowerby's beaked whale Mesoplodon bidens  
Gervais' beaked whale Mesoplodon europaeus  
True's beaked whale Mesoplodon mirus  
Family Delphinidae (dolphins)   
Rough-toothed dolphin Steno bredanensis  
Bottlenose dolphin Tursiops truncatus  
Pantropical spotted dolphin Stenella attenuata  
Atlantic spotted dolphin Stenella frontalis  
Spinner dolphin Stenella longirostris  
Clymene dolphin Stenella clymene  
Striped dolphin Stenella coeruleoalba  
Short-beaked common dolphin Delphinus delphis  
White-beaked dolphin Lagenorhynchus albirostris  
Atlantic white-sided dolphin Lagenorhynchus acutus  
Fraser’s dolphin Lagenodelphis hosei  
Risso’s dolphin Grampus griseus  
False killer whale Pseudorca crassidens  
Melon-headed whale Peponocephala electra  
Killer whale Orcinus orca  
Long-finned pilot whale Globicephala melas  
Short-finned pilot whale Globicephala macrorhynchus  
Family Phocoenidae   
Harbor porpoise Phocoena phocoena  
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Table 2-6 (continued). Marine mammal species with known or potential occurrence in the Study 
Area. ESA status is denoted. Naming conventions are consistent with the NOAA Stock 
Assessment Report (Waring et al. 2009). 
 
 

Common Name Scientific Name ESA Status 
Order Carnivora   
Suborder Pinnipedia (seals, sea lions, fur seals, walruses) 
Family Phocidae (true seals)   
Harbor seal Phoca vitulina  
Gray seal Halichoerus grypus  
Harp seal Pagophilus groenlandica  
Hooded seal Cystophora cristata  
Bearded seal Erignathus barbatus  
Ringed seal Pusa hispida  
Order Sirenia   
Family Trichechidae (manatees)   
West Indian manatee Trichechus manatus Endangered 

 
 
2.3.2.7 Sea Turtles 
 
Five sea turtle species have confirmed or potential occurrence in the Study Area based on known 
distribution and habitat associations (Table 2-7). All sea turtle species are designated as threatened or 
endangered under the ESA. 
 
 
 
Table 2-7. Sea turtle species with known or potential occurrence in the Study Area and their status 
under the ESA. Taxonomy follows Pritchard (1997). 
 
 

Common Name Scientific Name ESA Status 

Order Testudines (turtles)  
Suborder Cryptodira (hidden-necked turtles)  
Family Dermochelyidae  
Leatherback turtle Dermochelys coriacea Endangered 
Family Cheloniidae (hard-shelled turtles)  
Loggerhead turtle Caretta caretta Threatened 
Kemp’s ridley turtle Lepidochelys kempii Endangered 
Green turtle Chelonia mydas Endangered* 

Hawksbill turtle Eretmochelys imbricata Endangered 
*Although this species as a whole is listed as threatened, the Florida nesting stock of green turtles is listed as 
endangered. Since the nesting area for green turtles encountered at sea often cannot be determined, a conservative 
approach to management requires the assumption that all green turtles found in the Study Area are endangered. 
 
 
Sea turtle distribution in the nearshore waters of New Jersey is not well known. Leatherback turtles 
(Dermochelys coriacea) undergo extensive migrations in the western North Atlantic. A regular, seasonal 
occurrence of leatherbacks is known to occur along the northeast U.S. Atlantic coast, particularly in late 
spring/early summer when leatherbacks begin to appear off the mid-Atlantic and New England coasts, 
(CETAP 1982; Shoop and Kenney 1992; Thompson et al. 2001; James et al. 2006). Loggerhead 
occurrence north of Cape Hatteras, North Carolina is highly seasonal, primarily from May to October, 
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although sightings have occurred in all months of the year (CETAP 1982; Lutcavage and Musick 1985; 
Shoop and Kenney 1992). Other sea turtle species may also occur in New Jersey’s nearshore waters on 
a seasonal basis when water temperatures exceed 15ºC (Shoop and Kenney 1992; Morreale and 
Standora 1998). Juvenile Kemp’s ridley and green turtles are known to occur regularly in inshore areas 
such as Delaware Bay, Long Island Sound, and Cape Cod Bay throughout the summer months (Bleakney 
1965; Lazell 1980). Hawksbill turtles have also been recorded in nearshore waters of this area during the 
summer months, although their presence in the area is considered to be rare (Lazell 1980; Prescott 
2000). 
 
The species recorded during the baseline study are discussed in more detail in Volume III. More 
information on the other sea turtle species included in Table 2-7 can be found in the following: Bjorndal 
(1995), Lutz and Musick (1997), Lutz et al. (2003), Gulko and Eckert (2004), Plotkin (2007), and the 
Proceedings from any of the Annual Symposia on Sea Turtle Biology and Conservation.12 
 
2.3.2.8 Fish 
 
The ichthyofaunal community within the Study Area is dynamic and highly variable due to seasonal and 
climatic changes, varying life history strategies, hydrographic phenomena, fishing pressure, and natural 
cycles of abundance. It is composed of both northern (boreal) and southern (warm-temperate/sub-
tropical) demersal and pelagic fish populations that undergo extensive migrations as they follow 
temperature isotherms (Musick et al. 1985; Olney and Bilkovic 1998). Occurring from the upper limits of 
saltwater intrusion in the estuaries (including Delaware Bay) to the 200-m (656.2-ft) contour at the edge of 
the continental shelf, the marine ichthyofauna in the Study Area consists of 336 fish species represented 
by 116 families (Able 1992). Along the Study Area’s coastline, various inshore (e.g., estuaries, bays, salt 
marshes, tidal creeks, and coastal beaches), and offshore (e.g., sand ridges, continental shelf, canyons, 
hard bottom, and artificial reefs [ship wrecks and man-made structures]) environments are important to 
fishes and fisheries (Roman et al. 2000) as nursery areas (Able and Fahay 1998; Byrnes et al. 2000). The 
ichthyoplankton assemblage found within the Study Area’s shelf waters corresponds with the existing 
adult fish assemblage and consists of more than 200 taxa of fish eggs and larvae (Pacheco 1988; Smith 
1988; Doyle et al. 1993). 
 
Commercial and recreational fisheries are among the most important and economically valuable natural 
resources within the Study Area. From 2003 to 2007, the five top commercial species were Atlantic 
surfclam, Atlantic sea scallop (Placopecten magellanicus), ocean quahog (Arctica islandica), 
goosefish/monkfish (Lophius americanus), and summer flounder (Paralichthys dentatus). The clam 
dredge is the primary commercial fishing gear employed in terms of value and landings (43%). The 
Atlantic surfclam is the primary landed commercial species, while the Atlantic sea scallop is the most 
economically valuable species.13 According to the Marine Recreational Information Program (MRIP), the 
dominant recreational species landed from 2003 to 2007 was summer flounder. Summer flounder 
represented 40.8% of the total landings, while bluefish and black sea bass represented 18.9 and 18.2%, 
respectively.14 Approximately 141 fishing hotspots, consisting various structural features (e.g., shoals, 
ridges, shipwrecks, artificial reefs) are located within the Study Area with the highest concentration (57%) 
located in the southern half of the Study Area (Saltwater Directions 2003c, 2003b, 2003a; NJDEP 2008a). 
The Study Area also provides important habitats to many juvenile fish and invertebrates having economic 
and ecological importance. From 2003 through 2008, the most numerically abundant juvenile species 
were butterfish, scup, squid (Cephalopoda), and Atlantic herring. In terms of economic value, the most 
abundant species were squid. Summer and fall were the most important seasons in terms of relative 
juvenile fish abundance (NJDEP 2009).  
 
Currently, there are 40 fish/invertebrate species in the Study Area that have designated EFH and are 
grouped as temperate (23 species), subtropical-tropical (three species), and Highly Migratory Species 
(HMS; 14 species). Of the total number of temperate EFH species found within the Study Area, 11 are 
managed by the NEFMC, seven are jointly managed by the MAFMC and ASMFC, and five are managed 
by the MAFMC (MAFMC 1998; MAFMC and ASMFC 1998a; MAFMC and ASMFC 1998b; NEFMC 1998; 
NEFMC 1999; NEFMC 2003). All three subtropical-tropical species of the coastal migratory pelagic 
complex are managed by the South Atlantic Fishery Management Council (SAFMC 1998). NMFS 
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manages and designates EFH for 14 HMS (NMFS 2003; NMFS 2006; NMFS 2009a). In state waters, the 
ASMFC through the Interstate Fisheries Management Program (IFMP) coordinates the conservation and 
management of 22 Atlantic coast fish species or two species groups (shad/river herring and 20 coastal 
sharks), which are found in the Study Area or vicinity.15 
 
There are five species of concern and one candidate species found within or in the vicinity of the Study 
Area.16 The migratory Atlantic sturgeon (Acipenser oxyrinchus oxyrinchus), the candidate species, 
commonly aggregates in shallow (10 to 50 m [32.8 to 164.1 ft]) near shore areas (Stein et al. 2004; 
Atlantic Sturgeon Status Review Team 2007). NMFS is currently preparing a determination on whether 
listing the species or multiple distinct population segments (DPS) of the Atlantic sturgeon as threatened or 
endangered is warranted (NMFS 2010). The Atlantic sturgeon is scheduled to be listed as New Jersey 
State endangered in the near future. The state of New Jersey and federally endangered shortnose 
sturgeon (Acipenser brevirostrum) does not occur in the Study Area.17 For more in-depth information, see 
Volume IV. 
 
2.3.2.9 Bats 
 
Ten bat species have confirmed or potential occurrence in New Jersey (Table 2-8). Only one species, the 
Indiana bat (Myotis sodalist), is considered endangered under both the ESA and state of New Jersey. 
Most bat communities in the northeast U.S. are comprised of cave-dwelling Myotis species (Reynolds 
2006), while the hoary bat (Lasiurus cinereus), Eastern red bat (Lasiurus borealis), and silver-haired bat 
(Lasionycteris noctivagans) are tree-roosting species and migrate long distances (Cryan 2003; Cryan and 
Brown 2007; Kunz et al. 2007) and are present in New Jersey from spring through fall (MMS 2009a). 
White-nose syndrome is an emerging disease in hibernating bats in the northeast and was first 
discovered in New York in 2006. Since then it has spread to nine northeastern states (Reichard and Kunz 
2009), including northern New Jersey by January 2009 (Boyles and Willis 2010). Bats afflicted with white-
nose syndrome have a white fungus covering the nose, ears, and wings. They suffer massive mortality, 
presumably through starvation from depleted fat reserves and reduced foraging ability caused by wing 
damage (Reichard and Kunz 2009; Boyles and Willis 2010). 
 
Bat occurrence within the Study Area is poorly understood (MMS 2009a). In a literature review, Goodale 
and Divoll (2009) noted that Eastern red bats travel along the coast from Maryland to Maine and have 
been observed offshore as far as 209 km (130 mi). Silver-haired bats were recorded on Assateague 
Island, Maryland, and were presumed spring and fall migrants (Johnson and Gates 2008).  
 
Cryan (2003) noted that tree-roosting bats occur along northern coastlines more often during the autumn 
than the spring, and that this occurrence may be associated with coastal navigation. Hoary bats are 
known to migrate to the Farallon Islands off the California coast, a distance of 32 km (19.9 mi; Cryan 
2003; Cryan and Brown 2007). Cryan et al. (2004) noted that hoary bats are capable of traveling 
distances greater than 2,000 km (1,242.7 mi). Hoary and Eastern red bats have been seen migrating in 
diurnal flocks, and Eastern red and silver-haired bats have been observed landing on ships at sea (Cryan 
2003). Bat migration pathways and behavior are poorly understood and there have been several calls for 
further studies (Cryan 2003; Reynolds 2006; Kunz et al. 2007; Arnett et al. 2008). Ahlén et al.(2007) 
noted that migrating bats over the Baltic Sea flew at altitudes between 0 to 10 m (1 to 32.8 ft) and hunt 
during migration. Non-migrating bats have been observed hunting at distances far from land as well 
(Ahlén et al. 2007). The authors stated that the majority of bats flew across the sea only during calm or 
light winds, and that hunting was conducted during calm weather. Cryan and Brown (2007) remarked that 
little is known of the effects of wind speed on bat migration.  
 
The species recorded during the baseline study as part of a research project conducted by a graduate 
student at the University of Maryland Center for Environmental Science are discussed in more detail in 
Appendix B. 
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Table 2-8. Bats potentially located within New Jersey (MMS 2009a). 
 
 

Common Name Scientific Name ESA Status 
Order Chiroptera     
Family Vespertilionidae     
Big brown bat Eptesicus fuscus  
Silver-haired bat Lasionycteris noctivagans  
Eastern red bat Lasiurus borealis  
Hoary Bat Lasiurus cinereus  
Northern yellow bat Lasiurus intermedius  
Eastern small-footed bat Myotis leibii  
Little brown bat Myotis lucifugus  
Northern long-eared bat Myotis septentrionalis  
Indiana bat Myotis sodalis Endangered 
Eastern pipistrelle bat Pipistrellus subflavus   

 
 
2.3.3 Listed Species 
 
2.3.3.1 Federal 
 
Birds 
 
Federally listed threatened, endangered, and candidate bird species were not observed during the study 
(Volume II: Section 2.3.2 and Chapter 4.0). Federally listed avian species of concern listed that were 
documented previously in the Study Area or have the potential to occur as breeding birds based on their 
habitat requirements were listed for the Study Area (Table 2-9). The USFWS federal species of 
conservation concern list for the Middle Atlantic coast was developed primarily for coastal plain terrestrial 
species. Fourteen Federal avian species of conservation concern were observed during the study (Table 
2-10; Figure 2-25). 
 
 
 
Table 2-9. Federal threatened, endangered, and candidate species listed for the Study Area. The 
naming convention for the family, common, and scientific names are consistent with the American 
Ornithologists' Union (AOU 1998).  
 
 

Common Name Scientific Name List Status 
Family Charadriidae (plovers) 
Piping Plover Charadrius melodus Threatened 
Family Scolopacidae (sandpipers) 
Red Knot Calidris canutus Candidate 
Family Laridae (gulls, terns, and skimmers) 
Roseate Tern Sterna dougallii Endangered 
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Table 2-10. Federal species of conservation concern for Bird Conservation Region 30 (New 
England/Mid-Atlantic coast; USFWS 2008). The naming convention for the family, common, and 
scientific names are consistent with the American Ornithologists' Union (AOU 1998). 
 
 

Common Name Scientific Name Study Occurrence Status 
Family Gaviidae (loons) 
Red-throated Loon Gavia stellataNB Observed 
Family Podicipedidae (grebes) 
Pied-billed grebe Podilymbus podiceps Observed 
Horned grebe Podiceps auritus Observed 
Family Procellariidae (petrels, shearwaters) 
Greater Shearwater Puffinus gravisNB Observed 
Audubon’s Shearwater Puffinus iherminieriNB Observed 
Family Ardeidae (herons and egrets) 
Snowy Egret Egretta thula Observed 
Family Accipitridae (kites, hawks, eagles) 
Bald Eagle Haliaeetus leucocephalusBR Not Observed1 
Peregrine Falcon Falco peregrinusBR Not Observed1 

Family Rallidae (rails) 
Black Rail Laterallus jamaicensis Not Observed 
Family Charadriidae (plovers) 
Wilson’s Plover Charadrius wilsonia Not Observed 
Family Haematopodidae (osystercatchers) 
American Oystercatcher Haematopus palliates Observed 
Family Scolopacidae (sandpipers) 
Lesser Yellowlegs Tringa flavipesNB Observed 
Whimbrel Numenius phaeopusNB Observed 
Hudsonian Godwit Limosa haemasticaNB Not Observed 
Marbled Godwit Limosa fedoaNB Observed 
Semipalmated sandpiper Caldris pusillaNB Observed 
Purple Sandpiper Calidris maritimeNB Observed 
Short-billed Dowitcher Limondromus griseus Observed  
Family Laridae (gulls, terns, and skimmers) 
Least Tern Sterna antillarum2 Observed 
Gull-billed Tern Gelochelidon nilotica Not Observed 
Black Skimmer Rynchops niger Not Observed 

1 Observed only during non-breeding season (winter) 
2 Non-listed subspecies or population of threatened or endangered species 
BR = breeding season only 
NB = non-breeding  
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Figure 2-25. Observation locations of federally listed avian species of concern in the Study Area. 
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Marine Mammals and Sea Turtles 
 
All marine mammal species are afforded federal protection under the MMPA. Seven of the 41 marine 
mammal species with known or potential occurrence in the Study Area are designated as threatened or 
endangered under the ESA (Table 2-11). Three of these species were recorded in the Study Area during 
the baseline studies (Table 2-11; Figure 2-26). All sea turtle species are designated as threatened or 
endangered under the ESA. Two of the five sea turtle species with known or potential occurrence in the 
Study Area were recorded in the Study Area during the baseline studies (Table 2-11; Figure 2-26).  

 
 

 
Table 2-11. Federally listed species with known or potential occurrence in the Study Area. Naming 
conventions for marine mammals are consistent with the NOAA Stock Assessment Report 
(Waring et al. 2009). Taxonomy for turtles follows Pritchard (1997). 
 
 

Common Name Scientific Name ESA Status Observed During Baseline 
Study 

Marine Mammals 
North Atlantic right whale Eubalaena glacialis Endangered Yes 
Humpback whale Megaptera novaeangliae Endangered Yes 
Sei whale Balaenoptera borealis Endangered No 
Fin whale Balaenoptera physalus Endangered Yes 
Blue whale Balaenoptera musculus Endangered No 
Sperm whale Physeter macrocephalus Endangered No 
West Indian manatee Trichechus manatus Endangered No 
Sea Turtles 
Leatherback turtle Dermochelys coriacea Endangered Yes 
Loggerhead turtle Caretta caretta Threatened Yes 
Kemp’s ridley turtle Lepidochelys kempii Endangered No 
Green turtle Chelonia mydas Endangered* No 
Hawksbill turtle Eretmochelys imbricata Endangered No 

* Although this species as a whole is listed as threatened, the Florida nesting stock of green turtles is listed as 
endangered. Since the nesting area for green turtles encountered at sea often cannot be determined, a conservative 
approach to management requires the assumption that all green turtles found in the Study Area are endangered. 
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Figure 2-26. Observation locations of federally listed threatened and endangered species in the 
Study Area. ‘UID’ is unidentified. 
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2.3.3.2 State 
 
Birds 
 
State-classified threatened, endangered, and special concern bird species of coastal and offshore 
habitats within the Study Area are listed in Table 2-12. All state-classified birds, with the exception of 
American Bittern (Botaurus lentiginosus), Black Rail (Laterallus jamaicensis), and Black Skimmer 
(Rynchops niger), were observed during the study. The observation location for state-classified 
threatened and endangered species (Figure 2-27) and state-classified species only for the breeding 
season (Figures 2-28 and 2-29) were mapped. Common tern, a state-classified species of concern 
during the breeding season, was mapped separately because of the high number of observations.  
 
 
 
Table 2-12. New Jersey state-classified threatened, endangered, and special concern avian 
species potentially occurring in the Study Area. The naming convention for the family, common, 
and scientific names are consistent with the American Ornithologists' Union (AOU 1998). The New 
Jersey State classification status is based on data from the New Jersey Division of Fish and 
Wildlife.17  
 
 

Common Name Scientific Name New Jersey Status Study Occurrence 
Status 

Family Podicipedidae (grebes) 
Pied-billed Grebe Podilymbus podiceps E BR, SC NB Observed NB 
Family Ardeidae (bitterns, egrets, and herons) 
American Bittern Botaurus lentiginosus E Not Observed 
Great Blue Heron Ardea herodias SC BR Observed 
Black-crowned Night-heron Nycticorax nycticorax T BR, SC NB Observed BR 

Yellow-crowned Night-heron Nyctanassa violacea T Observed 
Family Accipitridae (eagles and hawks) 
Osprey Pandion haliaetus T BR Observed 
Bald Eagle Haliaeetus leucocephalus E BR , T NB Observed NB 
Northern Harrier Circus cyaneus E BR, SC NB Observed NB 

Family Falconidae (falcons) 
Peregrine Falcon Falco peregrinus E Observed 
Family Rallidae 
Black Rail Laterallus jamaicensis T Not Observed 
Family Haematopodidae (oystercatchers) 
American Oystercatcher Haematopus palliatus SC Observed 
Family Scolopacidae (sandpipers) 
Whimbrel Numenius phaeopus SC NB Observed NB 
Red Knot Calidris canutus SC BR Not Observed 
Sanderling Calidris alba SC NB Observed NB 
Semipalmated Sandpiper Calidris pusilla SC NB Observed NB 

Family Laridae (gulls and terns) 
Least Tern Sterna antillarum E Observed 
Caspian Tern Hydroprogne caspia SC BR, RP NB Observed NB 

Common Tern Sterna hirundo SC BR, RP NB Observed NB 

Royal Tern Thalasseus maximus RP NB Observed 
Black Skimmer Rynchops niger E BR , T NB Not Observed 

E = Endangered 
T = Threatened 
SC = Special Concern 
RP = Regional Priority  
BR = Breeding population  
NB = Non-breeding population  
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Figure 2-27. Observation locations of state-classified threatened and endangered species in the 
Study Area. ‘UID’ is unidentified. 
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Figure 2-28. Observation locations of state-classified threatened and endangered species in the 
Study Area during the breeding season. 
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Figure 2-29. Observation locations of state-classified species of concern (Common Tern only) in 
the Study Area, during the breeding season (June, July).  
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State special concern species which were classified as non-breeding only were not mapped. While state-
listed species were part of the avian model, they were in insufficient numbers to produce a model of just 
state-listed avian species, which would have weighted those areas used frequently by threatened and 
endangered species. Therefore, Figures 2-25, 2-27, 2-28, and 2-29 should be considered in addition to 
the sensitivity index when making decisions for impacts of wind turbine farms on avian species. 
 
Marine Mammals and Sea Turtles 
 
Six of the 41 marine mammal species with known or potential occurrence in the Study Area are 
designated as threatened or endangered for the State of New Jersey (Table 2-13). Three of these 
species were recorded in the Study Area during the baseline studies (Table 2-13; Figure 2-27). Five sea 
turtle species are designated as threatened or endangered for the State of New Jersey. Two of these 
species were recorded in the Study Area during the baseline studies (Table 2-13; Figure 2-27).  
 
 
 
Table 2-13. State-listed species with known or potential occurrence in the Study Area. Naming 
conventions for marine mammals are consistent with the NOAA Stock Assessment Report 
(Waring et al. 2009). Taxonomy for turtles follows Pritchard (1997). 
 
 

Common Name Scientific Name State of New 
Jersey Status 

Observed During Baseline 
Study 

Marine Mammals 
North Atlantic right whale Eubalaena glacialis Endangered Yes 
Humpback whale Megaptera novaeangliae Endangered Yes 
Sei whale Balaenoptera borealis Endangered No 
Fin whale Balaenoptera physalus Endangered Yes 
Blue whale Balaenoptera musculus Endangered No 
Sperm whale Physeter macrocephalus Endangered No 
Sea Turtles 
Leatherback turtle Dermochelys coriacea Endangered Yes 
Loggerhead turtle Caretta caretta Endangered Yes 
Kemp’s Ridley turtle Lepidochelys kempii Endangered No 
Green turtle Chelonia mydas Threatened No 
Hawksbill turtle Eretmochelys imbricata Endangered No 
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