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Humpback whales (Megaptera novaeangliae) have recently been observed feeding in
the New York Bight (NYB), the section of ocean from Montauk, New York to Cape May,
New Jersey, United States (US). This feeding technique brings humpback whales to
the surface of the water which puts them at a greater risk of vessel strike. The NYB
is already an area of concern due to shipping traffic leading to the Ports of New York
and New Jersey (PNYNJ). In this study, data collected by Gotham Whale from 2011
to 2019 were analyzed on humpback whales lunge feeding in the NYB apex, near the
entrance to the PNYNJ. Clusters of lunge feeding were investigated, along with the water
depths of lunge feeding locations. Using ArcGISPro, six significant hot spot clusters were
identified, and water depth of lunge feeding locations ranged from 4.50 to 35.00 m
with a mean of 14.83 m. The results of this study provide the first documentation on
potential lunge feeding hot spot clusters in the NYB apex. Future studies should obtain
comprehensive data looking at the amount of time humpback whales in the NYB are
spending on the surface and time they are spending feeding in shipping lanes. This
information will be important for the management of marine mammals in this area and
may help to mitigate and reduce the incidence of boat strikes to humpback whales in
this region.

Keywords: foraging, New York region, water depth, ship strikes, lunge feeding locations

INTRODUCTION

After nearly facing extinction due to commercial hunting, North Atlantic humpback whales
(Megaptera novaeangliae) have experienced a remarkable recovery following their listing as
“endangered” under the United States (US) Endangered Species Conservation Act of 1970, the
Endangered Species Act of 1973, their protection under the Marine Mammal Protection Act of
(MMPA) 1972, and a moratorium in 1985 on commercial whaling (NOAA, n.d.). North Atlantic
humpback whales have distinct feeding grounds: the Gulf of Maine, West Greenland, Eastern
Canada (Gulf of Saint Lawrence; Nova Scotia), and areas in the Eastern North Atlantic (Katona and
Beard, 1990; Stevick et al., 2006). They can be found on these feeding grounds generally from spring
through fall until they migrate to lower-latitude winter breeding grounds (Katona and Beard, 1990).
Along the US mid-Atlantic states (USMA) from New Jersey to North Carolina, photo identification
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has matched juvenile humpback whales (alive or dead) in
this region to feeding grounds in the Gulf of Maine and
eastern Canada (Barco et al., 2002). Humpback whales are often
documented feeding in the USMA, suggesting that this area may
serve as a supplemental feeding ground for juveniles (Barco et al.,
2002; Clapham et al., 2003; Aschettino et al., 2020).

In the New York Bight (NYB), an area of ocean from
Montauk, New York to Cape May, New Jersey, US, about
15,000 square miles in size, and the northernmost portion of
the USMA, both juvenile and adult humpback whales have
been seen feeding from April through December, suggesting this
area could be a supplemental feeding ground (Brown et al.,
2018; King et al., 2021; Stepanuk et al., 2021). Stepanuk et al.
(2021) found that juveniles in the NYB were lunge feeding at
the surface in nearshore waters while adults and juveniles were
cooperatively feeding in offshore habitats. Further, Brown et al.
(2018) documented an increase in juvenile humpback whales
in the NYB apex, at the northwest corner of the NYB, where
shipping lanes converge toward the entrance to the Port of
New York and New Jersey (PNYNJ) (Figure 1). In the apex,
juveniles have been seen lunge feeding as close as 0.03 km from
shore, with most sightings falling directly within the tracks of
large commercial vessels (Brown et al., 2019). The proximity to
shipping lanes is worrisome because a high number of whales
have been killed by vessels (as suggested by the marks of vessel
strikes in the carcasses) in the NYB (Stepanuk et al., 2021). Thus,
humpback whales in the NYB could be at particular risk of vessel
strikes in nearshore waters partly because of their habitat use and
lunge feeding behavior at the surface (Stepanuk et al., 2021). Hill
et al. (2017) found in the Gulf of Maine that vessel strikes are
often underreported and that the location and seriousness of the
strike to humpback whales determine the likelihood of healing.
Lunge feeding exposes humpback whale bodies to the surface
of the water, which allows for the potential of serious injuries if
struck by a vessel.

A better understanding and further refinement of the locations
and depths of humpback whale feeding hotspots in NYB (greater
region and apex) and their proximity to shipping lanes can
inform and optimize MMPA policies for the protection and
conservation of this species of whale. Therefore, it is beneficial
to the management of humpback whales in the NYB apex and
greater NYB to understand the factors associated with lunge
feeding in this area. This study aims to provide the first analysis
of the locations and water depths of lunge feeding by humpback
whales in the NYB apex. The study specifically addresses where
lunge feeding events are occurring, if the lunge feeding locations
are occurring in significant “clusters” and at what water depths
are these lunge feeding events being observed.

MATERIALS AND METHODS

Data Collection
Data for this study were collected through opportunistic
observations by trained staff from Gotham Whale from 2011 to
2019 aboard the American Princess, a 29 m commercial whale
watching vessel. Gotham Whale is a non-profit research initiative
based in Staten Island, New York that partners with local whale

watching organizations to collect data on whale and dolphin
behavior. The majority of whale watching trips took place in the
afternoon, departure times ranging from 12:00 to 13:00 EST and
duration ranging from 3.5 to 4.5 h. Whale watching took place
in all weather conditions and from Beaufort sea states code 0–5.
A Beaufort sea state of 0 means no wind or waves while a sea state
of 5 is 17–24 knot wind speeds and 6 foot waves. The number
of whale watching trips conducted increased annually from 22 to
99, in part due to an increase in whale sightings. During whale
watching trips, Gotham Whale staff recorded the GPS location
upon first sighting of any humpback whale, photographed the
fluke and dorsal fin for identification, and documented any lunge
feeding behavior based on the description in Jurasz and Jurasz
(1979).

Lunge feeding is the process by which whales come from below
their prey and entrap them in their mouth and filter the water
out through their baleen; the baleen are ventral plates that act
like a sieve keeping the food inside their mouth and removing
the water (Clapham, 2000; Ware et al., 2011). Any sighting
locations where at least one lunge feeding event was witnessed
were used in this analysis. Continuous data tracks were recorded
during each whale watching trip from 2016 to 2019. Water
depth data were obtained from the United States Geological
Survey (USGS) CoNED Website (U. S. Geological Survey
[USGS], 2015), and the National Oceanic and Atmospheric
Administration’s (NOAA) Bathymetric viewer (National Center
for Environmental Information [NCEI], 2015). For distance to
shore measurements, county shapefiles were obtained from Esri
(Esri Inc., 2020). For shipping lanes and precautionary areas, data
were obtained from NOAA National Centers for Environmental
Information (NCEI), Office of Coast Survey (Office of Coast
Survey [OCS], 2022). The direction of vessel traffic is defined by
the commercial shipping lanes and the precautionary areas are
locations where vessels should travel with caution (Figure 1).

Data Analysis
ArcGIS Pro version 2.7 was used to spatially assess the lunge
feed locations (Esri Inc., 2020). Data were projected in the
coordinate system for Long Island (NAD 1983 New York Long
Island State Plane Projection FIPS 3104 Meters). All maps in this
research were made using ArcGIS R© software by Esri. ArcGIS R© and
ArcMap™ are the intellectual property of Esri and are used herein
under license. Copyright © Esri. All rights reserved. For more
information about Esri R© software, please visit www.esri.com.

Two hundred and forty sightings from 2016 to 2019 were
used in the hot spot analysis. The Optimized Hot Spot Analysis
(Getis-Ord Gi∗) tool was used (Esri Inc, n.d.; Getis and Ord,
1992). Bruce et al. (2014) used the Optimized Hot Spot Analysis
when investigating the compositions of pods and the variation of
ways humpback whales used Jervis Bay in Australia using data
collected on a commercial whale watching vessel. The hot spot
analysis has also been used for a variety of ocean conservation
research (Jalali et al., 2015; Betty et al., 2020; Olson et al., 2020;
Stack et al., 2020). This tool took the locations of lunge feeding
and aggregated them into cells. These cells are associated with
a count value that is the total number of observations within
each cell. In order to account for the effort of the boat tracks,
researchers took the number of feeding events divided by the
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FIGURE 1 | Locations of the Port of New York and New Jersey, the New York Bight, commercial shipping lanes and precautionary areas, and the New York Bight
Apex. Sources: Esri, GEBCO, NOAA, National Geographic, DeLorme, HERE, Geonames.org, and other contributors (Esri, 2022a,b).

kilometers that the boat covered and used the results to conduct
the Optimized Hot Spot Analysis. The tool then takes each cell
and groups them with the neighboring cells, which is referred
to as a neighborhood. The Optimized Hot Spot (Getis Ord Gi∗)
tool set the neighborhood distance of this analysis for 5.60 km
and the observations were grouped in 2.38 km cells. This is done
based on the notion that objects closer to each other will be
more related than objects further from each other. The tool then
separates this neighborhood and compares it to the entire study
region, looking to see if the neighborhood is statistically different
from the entire study region with p-values (<0.05) and z-scores
obtained from the Getis Ord Gi∗ statistic. To get a significant
hot spot, the neighborhood must have a low p-value (p < 0.05)
and a positive z-score. This signifies that the high clustering of
occurrence data is above the chance occurrence and suggests a
potential underlying process that resulted in this clustering. If the
tool finds a low p-value and a negative z-score, this signifies that
there is a significant cold spot in the study area. In other words,
the observations are dispersed in a way that is not random but
suggests a potential process that resulted in dispersal. Depending
upon the p-value, the hot and cold spots are given a “confidence”

ranking telling the researcher how confident the tool is that the
locations are indeed significantly above the chance of random
occurrence. The False Discovery Rate (FDR) correction is an
additional measure taken by the tool to cope with multiple testing
and spatial dependency (Esri Inc, n.d.). Multiple testing refers
to a type of false positive, meaning a cluster could be deemed
significantly hot or cold but in actuality is random (Esri Inc,
n.d.). Spatial dependency is the assumption that data closest to
each other are usually similar (Esri Inc, n.d.). The FDR uses
the confident rankings for each significant spot to estimate the
number of significant clusters that could in actuality be random;
this estimate is referred to as the estimation of false positives.
The FDR correction removes the weakest significant p-values
using the estimation of false positives. The output presents the
clusters that remain with statistically significant p-values. Whale-
watching vessels usually go wherever the whales are most likely to
be present, creating a bias toward these locations.

Water depth datasets came in the form of a raster, which
is an image file composed of pixels. For this study, each pixel
contained a water depth measurement (in meters). The accuracy
of the water depth datasets ranged from 1 to 4 m. The most
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FIGURE 2 | Locations of humpback whale lunge feeding in the study region (2011–2019), placed over the locations of boat tracks in the study region (2016–2019).
Sources: Esri, GEBCO, NOAA, National Geographic, DeLorme, HERE, Geonames.org, and other contributors (Esri, 2022a,b).

up to date bathymetry raster data were used in the analysis.
Rasters were chosen based on their coverage. Both USGS and
NOAA had raster data, but USGS had more complete and
continuous water depth data as compared to the NOAA data
(National Center for Environmental Information [NCEI], 2015;
U. S. Geological Survey [USGS], 2015). Therefore, the USGS
datasets were primarily used and NOAA datasets were only used
for 50 lunge feeding locations where USGS data was unavailable.
The NOAA and USGS raster files were downloaded separately
and then imported into ArcGIS Pro where they were combined
into a single raster file for analysis.

Whale locations were recorded upon first sighting and buffers
were created that surrounded each lunge feeding location by
100 m. We chose a 100 m buffer around each whale sighting to
account for their movements while feeding and for the distance
that the whale watching vessel was from the whale (Brown et al.,
2019). Using these buffers, the water depths were obtained from
the raster file. Within the 100 m buffer there were a range of water
depths and so an average was calculated for each observation.
Water depth of the boat tracks was taken for 2016–2019.

Distance to shore was analyzed to enable us to compare
our data with that of Stepanuk et al. (2021)’s distance to
shore measurements. The distance to shore measurements were
obtained using the near tool in ArcGIS Pro (Esri Inc, n.d.). This
tool calculates the distance from one object to another. For this
analysis the near tool calculated how far the lunge feed locations
were from the shore (in meters). The results were divided by 1,000
to obtain distance to shore in km.

RESULTS

There were 787 documented humpback whale sightings from
2011 to 2019 (Figure 2). Of these sightings, 321 were identified
as occurrences of lunge feeding (Table 1). Four observations did
not have complete sighting data and were therefore removed.

Four 2.38 km cells were found to have significant clustering,
and therefore considered to be hot spots (Figure 3). Of these, one
cell was found to be 99% significantly above chance of random
occurrence, one cells was found to be 90% significantly above
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TABLE 1 | Breakdown of the observations by year showing the total observations,
the observations marked as lunge feeding, and the minimum percentage
of lunge feeding.

Year Trips taken
per year

Total
observations

Lunge feed
sightings

Number of
lunge feeding

whales
identified

Minimum
percent of
lunge feed

sightings (%)

2011 22 3 1 0 33.33

2012 31 17 9 4 52.94

2013 36 30 14 5 46.67

2014 54 74 36 14 48.65

2015 60 60 17 8 28.33

2016 72 94 38 11 40.43

2017 74 106 41 21 38.68

2018 86 157 61 19 38.85

2019 99 246 104 42 42.28

Overall 534 787 321 99 40.79

The percent of lunge feeding taken from the total observations are shown under
minimum percent of lunge feed sightings. The overall number of lunge feeding
whales identified is not a sum of all the years listed because some whales were
resighted in multiple years.

chance of random occurrence, and two cells were found to be
between 90 to 99% significantly above the chance of random
occurrence. Four cells were found to be slightly significant.
All four cells were located within the precautionary area of
the commercial shipping lanes within the NYB apex. All other
polygons had no significance.

A total of 313 of the 321 lunge feed events were used
in the water depth and distance to shore analyses. Ninety-
nine individual whales were photographically identified in those
events (Table 1). Four data points were not analyzed for their
water depth because raster data was not available for those
locations. The total range of water depth from 2011 to 2019 was
4.50–35.00 m, with a mean of 14.83 (Table 2). A peak of the lunge
feed locations was found between 9.59 and 7.89 m. A smaller peak
was also seen between 16.36 and 14.67 m. Water depth from 2016
to 2019 boat tracks ranged from 4.50 to 55.46 m (Figure 4).

Two hundred and eighty-three lunge feed locations (90%)
were less than 10 km from shore. The minimum distance from
shore was 0.32 km, while the maximum distance from shore
was 26.14 km (Figure 5). The average distance from shore is
5.01 km. For the boat tracks, the average distance from shore
was also 5.01 km.

DISCUSSION

The goal of the present study was to analyze previously collected
data on occurrence, locations, and water depths of humpback
whale lunge feeding events in the NYB apex. Locations were
plotted and then analyzed to determine whether there were any
significant hot spots where lunge feeding occurred. Our findings
in this preliminary study revealed hot spots that occurred within
the precautionary area of the commercial shipping lanes.

Four significant clusters were found in the analysis, and all
were within the areas of the dredged shipping lanes. These
clusters were above the chance of random clustering, suggesting

that lunge feeding is more frequent within the cells. In order to be
overly cautious, no conclusions are drawn from the four locations
that only had slight significance. It is possible that the shipping
lanes could allow for greater depth with which to conduct the
lunge feeds. It is also possible that the denser prey patches are
forming in line with the deeper areas; therefore, attracting and
allowing humpback whales to lunge feed in these areas. Jurasz and
Jurasz (1979) first recorded lunge feeding in a southeast Alaska
humpback whale population and reported this to be the most
common feeding method in this group that typically occurred
when food was abundant. Hain et al. (1983) further suggested that
the use of different feeding strategies by humpback whales could
be due to variations in densities and species of prey. Goldbogen
et al. (2008) noted that the termination of lunge feeding in
humpback whales seemed to be related to the quality of prey
patch present. This may indicate a preferences of prey patch
quality and that humpback whales may have selective control
over their lunge feed behavior.

Humpback whales feed on a variety of prey species (Laerm
et al., 1997), suggesting that their feeding patterns are not solely
dependent on the presence of one species. However, their feeding
behavior may be influenced by where the prey is located in the
water column (Hazen et al., 2009). Hazen et al. (2009) found
that humpback whales were surface feeding more often when
prey patches were dense and took a vertical over a horizontal
form. Dredged shipping lanes may allow prey patches to assemble
more vertically in the water column and so this could affect
the amount of lunge feeding in these areas. Differences in prey
density may also explain the variation in the number of lunge
feeds documented across years, although it is important to note
that the number of the observations increased with the number
of trips. Unfortunately, data on prey density within the NYB
apex was not available for the present study. However, Alter
et al. (2022) found that Atlantic menhaden (Brevoortia tyrannus)
were the dominant fish species in eDNA samples collected during
cetacean surveys in the NYB and humpback whales were visually
documented feeding on menhaden by Brown et al. (2018) and
King et al. (2021). Further research in the NYB areas should
focus on the effects of vessel traffic on humpback whale foraging
behavior as well as the behavior of this documented prey species,
Atlantic menhaden (Brevoortia tyrannus) Brown et al. (2018).

The results of the present study indicate that humpback whales
are lunge feeding in near shore areas (e.g., <10 km from shore)
and in consistently shallow water depths ranging from 4 to 6 m
in the NYB apex. The number of lunges per each feeding event
could depend upon the water depth. Ware et al. (2011) described
lunge feeding across water depths and reported that lunge feeding
consisted of only one lunge per dive in water depths of less than
25 m, two lunges per dive in water depths of 25–50 m, and six or
more lunges in water depths greater than 100 m. It is possible that
individual humpback whales in the NYB apex may be lunging
more or less often with varying water depths and that the vessel
strike risk varies at the individual level.

It is possible that the number of lunge feeding events observed
in this study was effected by the presence of the whale watching
vessel. It was shown in Stellwagen Bank National Marine
Sanctuary that the foraging behavior of humpback whales was
affected by the presence of vessel noise leading to decreased
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FIGURE 3 | The output from the Getis-Ord Gi* analysis, run through the Optimized Hot Spot tool; with the commercial shipping lanes and precautionary area. The
output shows the hot spots according to their confidence levels. Sources: Esri, GEBCO, NOAA, National Geographic, DeLorme, HERE, Geonames.org, and other
contributors (Esri, 2022a,b).

ascents and descents (Blair et al., 2016). However, there have
been studies with results to the contrary that suggest that feeding
humpback whales are not impacted by vessel traffic (Di Clemente
et al., 2018). Di Clemente et al. (2018) did not detect any short
term negative behavioral changes when researching humpback
whales in the presence of whale watching vessels. The study found
a decrease in travel time and an increase in surface-behaviors,
while feeding time was not found to decrease in relation to the
presence of vessels.

Although it is unclear whether humpback whales in the
NYB are affected by vessel noise, the sounds made by heavy
vessel traffic can mask whale vocalizations (Hatch et al., 2012).
This makes them more difficult to detect using passive acoustic
monitoring (PAM) devices, which are currently being used to
monitor for whales occurring near the shipping lanes in the NYB
(WCS, 2021). Shallow water also decreases the detection rate of
whale vocalizations (Kuperman and Lynch, 2004). Our results
can be used to inform management so that vessel traffic can be
more vigilant when entering hotspots, potentially minimizing
ship strikes; rather than relying on acoustic monitoring or
restructuring of the shipping lanes, which is unlikely. It has

been suggested that speed restrictions in heavily trafficked
areas may help to protect feeding humpback whales (Guzman
et al., 2020). Speed restrictions do exist to protect North

TABLE 2 | Summary of lunge feeding events recorded by year showing the
observations marked as lunge feeding, mean water depth for each year, and the
range of water depth in meters.

Year Trips taken
per year

Lunge feed
sightings

Mean water
depth ± SE

Range of
water depth

2011 22 1 N/A 25.00

2012 31 9 17.40 ± 2.31 6.32–25.82

2013 36 14 13.12 ± 2.01 7.00–32.35

2014 54 36 18.20 ± 0.87 9.00–28.00

2015 60 15 21.03 ± 2.22 7.72–34.56

2016 72 38 12.51 ± 1.04 4.50–31.03

2017 74 41 13.63 ± 0.81 7.66–24.00

2018 86 61 15.40 ± 0.83 5.00–35.00

2019 99 98 13.61 ± 0.63 5.00–26.95

Overall 534 313 14.80 ± 0.37 4.50–35.00
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FIGURE 4 | Distribution of water depths for each lunge feeding event (2011–2019).

Atlantic right whales in the NYB apex from November-April
(Silber and Bettridge, 2012), but feeding humpback whales have
been documented here from April-November (Brown et al.,
2018; King et al., 2021; Stepanuk et al., 2021). Therefore,
we recommend that management implement speed restrictions
within these high feeding locations during the months that
humpback whales are most often feeding.

Due to the opportunistic nature of data collection during
whale watching trips, the number of observations varied by year
based on effort/the number of trips taken. Of particular note
is the lack of data from 2011 during which only one lunge
feed was observed. The documentation of lunge feeding data by
Gotham Whale was not standardized across years. Therefore,
lunge feeding locations are minimum estimates, as there is a
possibility that a lunge feed did occur during an observation and
was not recorded. Boat effort was accounted for within the hot

FIGURE 5 | Distribution of distance to shore for each lunge feeding event
(2011–2019). Since the data file included elevation and bathymetry, the
outcomes were negative since they were below sea level.

spot analysis through dividing the number of lunge feeds by the
km traveled by the boat and so the conclusions drawn in the
discussion take the limitations of the data into account.

The results of this study provide the first documentation and
evidence for potential hot spot clusters and water depths at
which humpback whales are lunge feeding in the NYB apex. This
research is beneficial for management in this region, considering
that lunge feeding brings the whales to the surface in this highly
vessel trafficked area. The increased awareness of lunge feeding
hot spots can inform strategies for reducing potential vessel
strikes on humpback whales. However, future studies should
obtain more systematic and comprehensive data on the amount
of time humpback whales spend lunge feeding, whether there
are seasonal or individual differences, and how these variables
relate to variations in shipping traffic and prey density. The
present study is an important preliminary step toward achieving
management goals.
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