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Introduction 
Cetaceans, including large whales, can be found year-round in the waters of the mid-Atlantic, 

including the New York Bight. This area also falls within critical migratory pathways for certain 
species. Some information on the distribution, abundance, and behavior of large whales in the New 
York Bight is available from surveys (Sadove and Cardinale 1993, Cornell Lab of Ornithology 2010, 
DiGiovanni Jr. and DePerte 2013, NEFSC and SEFSC 2013), whale-watching trips, and stranding 
records. However, experts agree that available information on the occurrence and distribution of 
large whales in the Bight is inadequate for management and conservation planning. This lack of 
information, coupled with growing concerns over ship strikes and entanglements, as well as planning 
for proposed offshore wind energy and other human activities, made long-term monitoring of large 
whales in the New York Bight a priority for the New York Department of Environmental 
Conservation (NYS DEC). Planning for a monitoring program accelerated in 2013 when the NYS 
DEC entered into a Memorandum of Understanding with the New York Natural Heritage Program 
(NYNHP) to work together on a report of options for baseline monitoring of whales in the Bight. 
The survey plan outlined in this report will provide a basis for a long-term monitoring program.  

NYNHP was tasked with working with NYS DEC staff to determine the most appropriate 
survey methods to meet the state’s information needs by considering published and gray literature 
and expert opinion to construct a scientifically defensible baseline survey. For the purposes of this 
planning, the New York Bight was defined as the area of ocean from the south shore of Long Island 
to the continental shelf break, matching the New York State Department of State’s “Offshore 
Planning Area” (Figure 1). Given limited resources, effort would focus on six species of large 
whales: fin, North Atlantic right, humpback, sei, sperm, and blue whales. These species were chosen 
because they are listed as Endangered at both the federal and state level and are designated as 
Species of Greatest Conservation Need (SGCN) in the State Wildlife Action Plan (NYSDEC 2005). 
Data on other species would be collected opportunistically and targeted effort on additional species 
of interest would be considered in the future if funds became available. Finally, we decided early on 
in the process that inviting experts and other interested parties to a workshop to discuss survey 
methods would be an important initial step in planning. 

On January 16, 2014, we convened such a workshop to discuss options for monitoring whales 
in the New York Bight at the NYS DEC Bureau of Marine Resources headquarters in East Setauket, 
NY. We invited experts and stakeholders from academia, NGOs, and federal and state governments. 
Interest in the workshop was high, with 41 people attending. After some introductory remarks, nine 
technical presentations were given, covering specific methodologies (aerial surveys, tagging, passive 
acoustics) and combinations of methods employed elsewhere (New Jersey, Massachusetts, the 
western Atlantic, West Africa). Several presenters offered their thoughts on the advantages and 
disadvantages of the various techniques and some suggested combinations they thought most 
appropriate for the NY Bight. Following the final presentation we had two hours of discussion on 
the pros and cons of different survey methods and refinement of survey objectives. The workshop 
agenda, attendee list, presentations, and meeting notes are in Appendix A. 

In this report, we build on the workshop results and subsequent discussion as well as 
information from the literature to provide a number of options at different price points for baseline 
monitoring of these six species of large whales. In addition to broad-scale baseline monitoring of the 
full spatial extent of the Bight, baseline monitoring of the area in and around the shipping lanes is 
discussed. Growing concern about ship strikes emerged during internal discussions and discussions 
with NOAA subsequent to the convening of the workshop. It became apparent that we should not 
wait to gather the data we needed in order to address this issue. In designing the monitoring 

1 
 



program we have attempted to integrate these two monitoring pieces in something of a nested 
design where both broad-scale monitoring and targeted monitoring are coordinated and 
complement each other. 

We start by defining the survey’s objectives, after which we provide some background on 
aspects of the biology of the whales that are the target of this monitoring effort. Next, we review 
individual techniques for monitoring whales. Finally, we present several options for combinations of 
methods to meet New York’s information needs and provide additional detail on certain 
recommended options. We do not discuss costs (estimates were provided to senior managers at 
NYS DEC for budgeting purposes), funding options, or the timeline of survey work (more internal 
discussion on the mechanism for moving the work forward is necessary before this can be 
determined). 

 

 
Figure 1. The New York State Department of State’s offshore planning area, the study area for this 
project. Courtesy of NYS DOS. 
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Survey objectives 
Information needs for New York’s large whales are great, but management agencies such as 

NYS DEC must focus on the most critical needs, which we have identified as a baseline survey. We 
recognize that ocean ecosystems are changing so rapidly that the concept of a baseline is now 
somewhat quaint, but here we use the term “baseline” to indicate the generation of a snapshot in 
time against which future observations may be compared. In this way, our baseline survey relates to 
the similar concept of “status and trend” or “surveillance” monitoring. 

Our thinking about the appropriate objectives for a baseline survey has evolved since this 
project started and has been influenced by the expert workshop, follow-up conversations with 
outside experts, reviews of the draft report, internal conversations and priority setting, and recent 
recognition of the immediate need for data to address the most imminent threats to whales.  

While large whales face many threats, including entanglement in fishing gear, climate change, 
contaminants, offshore energy development, and anthropogenic noise (a thorough discussion of the 
threats to whales can be found in the species assessments for the State Wildlife Action Plan revision 
[NYS DEC in preparation]), the spatial distribution of many of these threats has not been identified 
and our focus is baseline monitoring rather than understanding particular threats and their 
consequences. However, ship strikes are a well known, visible, and possibly increasing threat with a 
defined spatial distribution. The expansion of the Panama Canal may exacerbate this threat. 
Therefore, we felt it was important that we begin now to gather information about whale occurrence 
in established shipping lanes in addition to beginning broad-scale monitoring of the entire Bight. 

 
NYS DEC is defining its immediate, or primary, monitoring objective as follows: 

• To determine the distribution, relative abundance, seasonality of occurrence, and interannual 
variability of those parameters for fin, humpback, right, blue, sei, and sperm whales at two 
spatial scales: 

o The entire New York portion of the Bight; 
o Within and around established shipping lanes 

 
NYS DEC is defining its longer-term, or secondary, monitoring objectives as including, but not 
being limited to, the following: 

• To determine behavior and residence time of individual whales in NY waters; 
• To determine areas of conservation importance for state planning and for making 

recommendations to federal partners; 
• To focus on additional areas of concern such as leased wind energy areas (with partners 

such as the NYS Energy Research and Development Authority and federal Bureau of 
Ocean Energy Management); 

• To determine causes of whale mortality and their population impacts; 
• To expand beyond the six large whales to include other species, such as northern minke 

whales (Balaenoptera acutorostrata), harbor porpoise (Phocoena phocoena), sea turtles, and others; 
and 

• To collect behavioral, real-time and other data in and around the shipping lanes as 
warranted by the results of the baseline survey. 

 
Some data toward these objectives may be obtained during the course of baseline monitoring 

(e.g., additional species may be sighted opportunistically, areas of conservation importance may be 
obvious after baseline monitoring), and some of these objectives may be pursued in addition to 
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baseline monitoring if funding and staffing permit, but these objectives are not the focus of this 
report. Thus, the remainder of this report focuses on methodologies suitable for addressing the 
immediate or primary goals of collection of baseline data.  

New York’s whales 
De Kay (1842) recognized four species of great whales as part of the New York fauna: “The 

Right Whale (Balaena mysticetus),” “The Sperm Whale (Physeter macrocephalus),” “The Beaked Rorqual 
(Rorqualus rostratus),” and “The Northern Rorqual (Rorqualus borealis),” with Rorqualis australis noted as 
extra-limital. We now classify these species as the North Atlantic right whale (Eubalaena glacialis), 
sperm whale (Physeter macrocephalus), minke whale (Balaenoptera acutorostrata), sei whale (Balaenoptera 
borealis), and humpback whale (Megaptera novaeangliae), respectively. By the time of Connor (1971), the 
known great whales of New York waters included the above species plus blue whale (Balaenoptera 
musculus) and fin whale (Balaenoptera physalus), with humpback being recognized as belonging to the 
state’s fauna. Only scattered and isolated surveys have been conducted since. 

Six species (all of the above except for the minke whale) are listed as Endangered by the federal 
government and the state of New York and are designated as SGCN in the state’s Comprehensive 
Wildlife Conservation Strategy (CWCS) (NYS DEC 2005). While they have some things in common 
ecologically, they have many important differences that make employing a single survey 
methodology challenging to meet information needs for all the species. Below we extract 
information relevant to monitoring options about the known distribution, abundance, and natural 
history from the species accounts recently prepared for the revised CWCS, now called the New 
York State Wildlife Action Plan (NYS DEC in preparation) for each of the six species. 

The fin whale is the most abundant baleen whale in the New York Bight and is found year-
round there (Sadove and Cardinale 1993, Cornell Lab of Ornithology 2010, Morano et al. 2012, 
DiGiovanni Jr. and DePerte 2013) although individual fin whales are not necessarily resident year 
round. Sadove and Cardinale (1993) reported fin whales concentrating in later winter, spring, and 
summer near the shore, and in fall and early winter near the continental slope, based on surveys 
from the 1970s to early 1990s. They estimated that up to 400 fin whales may occur in the New York 
Bight at any one time. Fin whales were detected every day during Cornell Lab of Ornithology’s 
(2010) 2008-2009 passive acoustic study, with a distribution of detections more or less matching that 
reported from the 1970s through early 1990s. Fin whales are the species most frequently struck by 
ships worldwide (Laist et al. 2001), and one was struck in April 2014 in New York Harbor. 

Little is known about the sei whale, a close cousin of the fin whale, both in the New York Bight 
and throughout its range (Prieto et al. 2012). Whether this species occurs in the Bight year-round is 
unknown; the Bight may be part of its migration route. Sadove and Cardinale (1993) report detecting 
sei whales frequently in summer in the early 1980s but less frequently into the early 1990s. Recent 
years have yielded few sei whale sightings, but in May 2014 a sei whale was the victim of a ship strike 
in the New York Harbor.  

The blue whale has always been rarely observed in NY waters, having been detected less than 
once a year on average from the 1970s to early 1990s as part of large feeding groups of fin whales 
(Sadove and Cardinale 1993). Cornell Lab of Ornithology’s (2010) 2008-2009 passive acoustic study 
detected blue whales with somewhat greater frequency, on about 10% of sampling days. In both 
studies blue whales were detected in deeper water and far offshore. 

Humpback whales were detected regularly in the 1970s through early 1990s (Sadove and 
Cardinale 1993), mostly off of the east end of Long Island, with considerable annual variation in the 
numbers of animals observed. Humpbacks were seen primarily in summer and early winter. 
Humpbacks were surveyed opportunistically by the Cornell Lab of Ornithology (2010) and detected 
on about one-third of sampling days from fall 2008 through spring 2009, mainly in spring and 
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winter. Humpbacks have also been regularly observed opportunistically on scientifically based whale 
watches near New York City and out of Montauk (e.g., gothamwhale.com, cresli.org).  

The North Atlantic right whale is among the rarest globally of the great whales and appears to 
use the New York Bight as a migratory corridor between winter calving grounds to the south and 
summer feeding grounds to the north. However, historically, they were caught regularly off Long 
island in the late winter and spring in the late 1600s and early 1700s by shore whalers (Reeves and 
Mitchell 1986). This species is infrequently but regularly detected in the Bight, with at least one 
sighting each year from the 1970s to early 1990s (Sadove and Cardinale 1993) and presence 
confirmed on about 20% of days during the Cornell Lab of Ornithology’s (2010) passive acoustic 
study. More than any other great whales, right whales hug the coastline, putting them at increased 
risk of interaction with ship traffic (Kraus et al. 2005, Firestone et al. 2008). Additionally, recent 
studies in nearby areas off of New Jersey observed right whales year round, including mother calf 
pairs that appeared to be feeding (Whitt et al. 2013). Studies have found that this behavior puts them 
at greater risk of being hit by vessels (Parks et al. 2012). 

Sperm whales have also been considered rare in New York waters but surveys have rarely 
targeted sperm whales specifically. Experts at the workshop believed they are far more common 
than thought previously. They are generally thought to occupy deeper waters near the continental 
slope, but were also documented in shallower waters off of Montauk Point (Sadove and Cardinale 
1993, Scott and Sadove 1997) from 1983 to 1989. NOAA Fisheries (e.g., NEFSC and SEFSC 2013) 
has documented sperm whales consistently near the continental slope.  

These differences among species in rarity, distribution, and habitat use make clear that present 
knowledge of the distribution of each species is incomplete, and that adequate monitoring of the 
deep-water species presents special challenges. Table 1 presents a summary with implications for 
monitoring. While different methods or combinations of methods can be expected to yield good 
information on fin, humpback, and right whales, gathering detailed information on sei, sperm and 
blue whales may be more challenging due to their primarily offshore distribution.  

Whale monitoring techniques 
Today’s scientists interested in whale monitoring have many more options for characterizing 

whale distributions, abundance, and behavior than they did just two decades ago. Technological 
advances and accompanying analytical techniques have greatly expanded the toolbox from which 
whale researchers may choose their tools. The appropriate techniques for any given study vary by 
management objective, research questions, target species, spatial/temporal scales, resources 
available, and auxiliary data generated (Rosenbaum and Camhi, Appendix A). Methods vary in their 
ability to provide accurate species identifications, their precision in spatially locating animals, and 
their usefulness in generating estimates of abundance. And it follows that the outcomes from the 
varying techniques also differ in form and may include simple occupancy at a coarse scale, fine-scale 
distribution, abundance estimates, behavioral information, residence time, and habitat use. 

A common element in all methods noted below is the need to account for imperfect detection 
of study target species. Recognition in the 1970s that not all animals present are detected, due to 
such factors as cryptic behavior, methodological limitations, weather conditions, and observer skill, 
led to the development of sampling methodologies and associated analytical techniques designed 
primarily around the need to account for imperfect detection rates. Marine mammal researchers 
were on the forefront of these important developments with their contributions to the line transect 
methodology of distance sampling (Buckland et al. 2001) for visual methods (and as adapted for 
passive acoustics; Mellinger et al. 2007). While the analysis of data from whale monitoring is not the 
focus of this report, we are intentionally considering only techniques that have analytical methods 
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that can account for imperfect detection. As Taylor et al. (2014) state, a method’s goal must be to 
maximize detectability and then account for uncertainty and error. 

 
Table 1. Facets of distribution, rarity, and natural history of six whale Species of Greatest Conservation Need 
in New York that have implications for monitoring. 

Species 
Known NY 

Bight 
distribution 

Relative rarity in 
Bight* and seasonal 

occurrence 
Behavior and ecology Implications for monitoring 

Fin  Throughout Most common; year-
round presence 

Known to be present 
year round, may be 
found in groups in NY 
Bight 

May be able to get 
information more easily than 
for other species due to 
relative abundance and 
extensive distribution; 
occurrence in groups might 
also increase detectability 

Sei Unknown; 
erratic 

Rare; unknown 
seasonal occurrence 

Usually travel alone or 
in small groups 

Challenging to get more 
than coarse / basic 
distribution information; 
data can be collected via 
passive acoustics but range 
of variability in calls is not 
well known 

Humpback Appear to be 
becoming 
more 
common 
along the 
coast; may be 
found in 
inlets 

Common; mainly 
spring, summer, early 
winter 

May be found in 
groups, abundance in 
area may vary from 
year to year 

Easily detected via passive, 
but no robust automated 
detection algorithm to date, 
which means additional time 
is needed for analysis; aerial 
surveys may be best for 
monitoring animals using 
inlets 

North 
Atlantic 
Right 

Primarily 
coastal 

Uncommon but 
regularly seen; late 
winter, spring, fall 

Spend a lot of time at 
the surface relative to 
other species, but still a 
majority of time 
underwater; 
distribution may be 
changing 

Detectability depends in part 
on behavior, which is still 
uncertain for the mid-
Atlantic; acoustic methods 
may be best, with visual 
methods supplementary 

Blue Not well 
known, but 
primarily deep 
water 

Rare; unknown 
seasonal occurrence 

 Challenging to get more 
than coarse basic 
distribution information; 
have been occasionally seen 
during visual surveys and 
detected acoustically 

Sperm Continental 
shelf, but also 
around 
Montauk 
point 

Common; unknown 
seasonal occurrence 

Deep diver and 
frequent vocalizer 

Visual surveys alone may 
not yield adequate 
information; readily 
detectable via acoustics,  

* A qualitative assessment of rarity relative to other large whales in the New York Bight based on existing 
data and expert opinion. 
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Visual methods 
Visual methods (i.e., aerial and shipboard surveys) have been the industry standard for decades, 

and have an advantage over acoustic methods in having a long history of protocol development and 
prior data collection for comparison. The two primary visual methods are aerial surveys and 
shipboard surveys, which are often used in combination. We will discuss the two methods 
individually, and then compare them and present options for combining methods. We also briefly 
discuss opportunistic observations and citizen science. 

Two primary transect designs are commonly employed: parallel lines and a zig-zag (also called 
“saw-tooth”) design (Buckland et al. 2001). The most appropriate design depends on the shape and 
size of the study area, the cost of traveling between tracklines (in a saw-tooth design there is no 
wasted time traveling between tracklines), and the need for independence of tracklines (if properly 
spaced, parallel tracklines may be considered independent). Overlapping randomly generated saw-
tooth designs, called “double saw-tooth” in New Jersey’s recent study (Geo-Marine, Inc. 2010, Whitt 
et al. 2013), are another variation.  

Aerial surveys 
Aerial surveys are a primary component of many ongoing whale monitoring programs, like 

those of the New England Aquarium south of Cape Cod (Kraus et al. 2013), the Atlantic Marine 
Assessment Program for Protected Species, or AMAPPS (NEFSC and SEFSC 2013) and in the 
Mid-Atlantic for wind energy use areas of Maryland (http://www.briloon.org/research/research-
centers/center-for-ecology-and-conservation-research/mabs/md). Aerial surveys as practiced by 
various researchers differ in equipment used, transect design, flight altitude, speed, number of 
observers, and methods for addressing detection biases (Table 2). Typically an observer sits on each 
side of the plane, there is often a separate data recorder, and to ensure animals on the trackline are 
detected there may be an additional observer facing down through a belly window or a belly camera 
as in Taylor et al. (2014). 

Small planes, like the DeHavilland Twin Otter, Cessna 172, and Cessna Skymaster 337 are the 
standard platforms for aerial surveys. These planes are high-winged and highly maneuverable, are 
able to fly slowly (e.g., http://www.aoc.noaa.gov/aircraft_otter.htm), and when bubble windows 
and/or a belly window are installed they allow observers to detect animals as close to the trackline as 
possible.  

While the type of plane may depend on availability and cost, there do seem to be preferred 
heights and speeds depending on the survey objectives. For targeting right whales only most 
surveying is done at about 230 m (750 ft) and about 185 km/hr (100 knots). AMAPPS, which 
targets multiple species, flies at about 183 m (600 ft) and about 200 km/hr (110 knots). Heights may 
also vary depending on local conditions and FAA regulations for the survey area. Distance from 
shore is also an important consideration for safety for reasons when selecting the type of plane (twin 
engine planes, although more expensive, should be used for surveys far off shore). 

 
  

7 
 

http://www.briloon.org/research/research-centers/center-for-ecology-and-conservation-research/mabs/md
http://www.briloon.org/research/research-centers/center-for-ecology-and-conservation-research/mabs/md
http://www.aoc.noaa.gov/aircraft_otter.htm


Table 2. Aspects of some studies that have used aerial surveys for cetaceans.  

Study Location Aircraft Transect 
design 

Target/ 
average 
altitude 

(m) 

Target/ 
average 
speed 

(km/h) 

Improving 
detectability and 

species ID 

Whitt et al. 
(2013) 

New Jersey Skymaster 
337 

Double 
saw-tooth 

230 220 Photography 

Taylor et al. 
(2014) 

Cape Cod Skymaster 
337 O-2 

Parallel 305 185 Continuously 
operating belly 
camera; circle-back 

NEFSC & 
SEFSC 
(2013) 
(AMAPPS) 

Western 
Atlantic 

Twin Otter Saw-tooth 183 200 Two independent 
teams; circle-back 

Strindberg et 
al. (2011) 

Gabon Cessna 182 Saw-tooth 226 193 Circle-back 

DiGiovanni 
and 
DePerte 
(2013) 

New York 
Bight and mid-
Atlantic 

DeHavilland 
Twin Otter 

Parallel 183 185 Two independent 
teams, circle back 
and belly window 

Leeney et al. 
(2009) 

Cape Cod Bay Skymaster 
337 

Parallel 229 185 Circle-back, 
photography 

Panigada et 
al. (2011) 

Northwest 
Mediterranean 

Partenavia 
P-68 

Parallel 229 185 Circle-back, 
photography 

Shipboard surveys 
Surveys by ship are the other primary visual method of whale detection. One advantage of 

shipboard surveys is that greater time can be spent in the animals’ habitat than can be spent during 
aerial surveys. This results in a greater chance of detecting individuals that may dive for long periods. 
However, the tradeoff is that shipboard surveys are much slower than aerial surveys and therefore, it 
requires much more time to cover an area with a ship versus a plane. As with aerial surveys, 
shipboard surveys as practiced by various researchers differ in ships used, transect design, observer 
height above sea level, speed, and methods for addressing imperfect detection (Table 3). 

No standard ship type or size exists for conducting cetacean surveys (Table 3), and the variation 
in ships used most likely reflects budgetary constraints, ship availability, distance from shore, and 
other needs, such as corollary acoustic surveys, habitat studies, or studies of other marine organisms. 
However, ship size can greatly influence survey design and potentially effectiveness. Large ships can 
go farther offshore and to deeper waters, and perch observers higher off the water, while small ships 
may be able to survey in nearshore areas that larger ships may not be able to access. Despite the 
acknowledged need in statistical analysis of shipboard survey data to account for whale movement 
away from ships or attraction to ships (Palka and Hammond 2001), no full analysis of the tradeoffs 
in choosing a small vs. large ship is available to our knowledge. Perhaps more importantly, the 
acoustic properties or noisiness of a ship is also a consideration when deciding on a platform. 
However, studies on animal attraction to or avoidance of ships with different noise levels and of 
different sizes have shown a variety of results and may be different for different species (Corkeron 
1995, Nowacek et al. 2004, DeRobertis et al. 2010). In some cases a smaller ship might be quieter, 
but not always, as NOAA’s new survey vessels, including the one used for AMAPPS, were designed 
to be acoustically quiet to International Council for the Exploration of the Sea standards. Also, it 
may not be possible to choose a vessel with a low noise level but it is worth consideration. 
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Table 3. Aspects of some shipboard surveys for cetaceans. All species were targeted unless otherwise 
specified. 

Study 
Location 
and any 

target taxa 

Ship type 
and size 

Transect 
design 

Observer 
height 

above sea 
level 

Target/ 
average speed 

Additional 
Methods to 

improve 
detectability and 

species ID 
Whitt et al. 
(Geo-Marine, 
Inc. 2010, 
2013) 

New Jersey 45-m 
research 
vessel 

Double 
saw-tooth 

10 m 10 knots 
(~18.5 
km/hr) 

Photography 

NEFSC & 
SEFSC (2012) 
(AMAPPS) 

Western 
Atlantic 

63-m 
research 
vessel 

Saw-tooth 11.8 m and 
15.1 m  

10-12 knots Two independent 
teams; transects 
interrupted, used 
towed acoustics, 
quiet vessel 

Silva et al. 
(2003, 2009, 
2014) 

North 
Atlantic 

12-m yacht 
10-m 
motorboat 

Saw-tooth Varied 5 knots 
(yacht) 

9-11 knots 
(motorboat) 

Yacht: No 
interruptions 

Motorboat: 
Transects 
interrupted to 
confirm group 
size or species 
identification  

Swartz et al. 
(2003) 

Caribbean 
Sea 

Not 
specified 

Targeted Not 
specified 

10 knots Pairing with towed 
acoustics; 
transects 
interrupted 

Oleson et al. 
(2007) 

Southern 
California; 
blue 
whales 

38-m 
research 
vessel 

Targeted 5.6 m Not specified Pairing with towed 
acoustics; 
transects 
interrupted; 
photography 

Barlow and 
Taylor (2005) 

North 
Pacific; 
sperm 
whales 

53-m 
research 
vessel 

Line 
transects; 
design not 
specified 

10 m Not specified Pairing with towed 
acoustics; 
transects 
interrupted 

Opportunistic observations 
Whale sightings that are not a part of a formal survey design can also provide important data 

that can augment and support formal monitoring. In New York whale watching cruises by Gotham 
Whale provide information on presence and behavior of whales in the NY Harbor area, while 
cruises by The Coastal Research and Education Society of Long Island (CRESLI ) provide this 
information for whales seen off of the east end of Long Island in local trips and farther afield in 
offshore trips. While both of these organizations conduct cruises primarily during the spring and 
summer as weather permits, during this time they are out much more frequently than most formal 
survey efforts could afford to be. Past efforts have shown a recent increase in humpbacks in around 
the entrance to NY Harbor and other trends in occurrence and behavior (P. Sieswerda, personal 
communication). Additionally, stranding data collected by the Riverhead Foundation for Marine 
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Research and Preservation can provide information about whale occurrence, threats and causes of 
mortality, and emerging health issues for whales. Finally, tools for the public to report observations 
like iNaturalist (www.inaturalist.org) can provide useful data outside the bounds of formal 
monitoring. All of these activities have the potential to persist for the long term and engage the 
public in monitoring and conserving whales in the NY Bight. Though we do not discuss 
opportunistic sightings in the comparison table or options section, we suggest that collaborating 
with these organizations, exploring citizen science tools, and integrating these opportunistic 
observations should be discussed as planning moves forward. 

Visual methods compared and combined 
Based on discussion at the expert workshop, it seems that the fundamental trade-off in 

choosing between the two visual methods is coverage of space versus coverage in time—aerial 
surveys maximize the area covered for the time available, while shipboard surveys maximize the time 
spent within the animals’ habitat. Thus, aerial surveys provide a “quicker” snapshot than do 
shipboard surveys. This trade-off of extensive efforts vs. intensive efforts is an important 
consideration in any biological survey design, and with whale surveys it manifests itself mainly in the 
greater potential for missing diving animals when surveying quickly by plane. Beyond this basic 
difference, however, there are additional differences between the two platforms, nicely summarized 
by Panigada et al. (2011) (Table 4). Of these, the most important considerations for NYS DEC are 
the ability to combine towed acoustic arrays when surveying with ships, severe winter weather 
favoring aerial surveys for their ability to make quick use of periods of good weather, the higher 
potential for fatal accidents with airplanes (S. Kraus, personal communication), and the ability to 
collect associated environmental samples from ships (e.g., plankton samples). Also, aerial surveys 
may be able to cover the entire area of the Bight once or twice a month. Given the size of vessel 
likely to be available for contract (within a reasonable price range) the shipboard survey would have 
to be done less frequently—perhaps one or two times per season. The smaller the vessel the more 
likely it will also lose days to poor weather, especially in the areas farther offshore. During the winter 
aerial surveys are the visual method of choice for most researchers.  
 
Table 4. Comparison of vessel (shipboard) and aircraft (aerial) survey methods for cetaceans in the 
Mediterranean Sea. Adapted from Panigada et al. (2011). 

Vessel Aircraft 
Area covered  
Small vessels: nearshore, coastal waters, offshore 
(more limited by bad weather and endurance may be 
less than large vessels) 
Large vessels: coastal waters, offshore  

Can cover up to about 500 miles; when working 
farther out to sea will have limited working time but 
is possible, depending on fuel capacity/endurance 
and proximity to airports 

Travel speed around 10-12 knots limits area 
coverage with time 

Travel speed around 100 knots means around 10 
times greater search distance with time 

Poor for areas with complex coastlines and small 
islands 

Deals with complex coastlines and small islands well 

Species  
Better at detecting species that may be diving for 
long periods of time 

Better suited to the animals with shorter dive times 
given speed of platform; not good for species that are 
far offshore only given endurance limitations 

Need to account for potential responsive movement Responsive movement not a problem 
School size estimation for some species can be 
difficult  

Generally easier to estimate school size 

Poor for estimating megafauna such as sea turtles, Good for other megafauna (e.g. sea turtle, giant devil 
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Vessel Aircraft 
rays, sharks and tuna.. Good for observations of 
other cetaceans and seals.  

ray, sharks, tuna) at least in the Mediterranean, ships, 
fishing gear 

Environmental conditions  
Cannot operate in ‘unacceptable’ conditions (these 
will depend on species) – swell can be a major 
problem for detecting whales 

Cannot operate in ‘unacceptable’ conditions (these 
will depend on species) – swell may be less of a 
problem for detecting whales 

Given speed limitations, relatively poor use of good 
weather windows, this is more of an issue during the 
winter 

Efficient use of good weather windows (higher 
survey speed, ability to move to good weather areas 
quickly) 

Data collection  
Measurement of key parameters, especially distance, 
and to a lesser extent angle, is problematic but 
improving with new technology 

Measurement of perpendicular distance easier and 
better 

Estimation of g(0) using double platform methods 
well established and space on board usually not a 
problem 

Difficult to use double platform methods in smaller 
planes (for some species ‘circle back’ works) 
but possible in larger planes  

Allows collection of additional data: acoustic, 
environmental conditions, photo-identification data 

Collection of additional data difficult or impossible 
but good for photo ID 

Usually can incorporate more scientists Limited number of scientists for smaller planes 
Cost  
Offshore surveys more expensive than aerial surveys 
but can operate for longer periods of time on high 
seas; can collect additional data; nearshore surveys 
in small boats may be more cost effective. 

More cost-effective where they can operate and 
better able to take advantage of good conditions 
when they are scarce (both geographically and 
seasonally), some additional data such as SST can be 
collected when using twin engine planes. 

Passive acoustic methods 
Acoustic detection techniques for cetaceans emerged in the 1990s as an alternative and/or 

complement to traditional visual survey methods. As with other animal groups for which acoustic 
surveys are frequently conducted (e.g., songbirds, frogs), acoustic detection techniques began to be 
used for whales because of the recognition that visual surveys have several important limitations 
(Mellinger et al. 2007): 1) they can be conducted during daylight hours only; 2) they are subject to 
enormous bias in poor weather or with rough seas; 3) animals are not “available” for detection when 
they are diving, as many large cetaceans do for long periods; and 4) the often limited spatial and 
temporal scale of surveys may not match the large ranges and unknown temporal movement 
patterns of whales. Acoustic detection methods, conversely, may be deployed in all weather 
conditions and all times of day, may detect animals in all depths, and may provide year-round data 
with limited additional effort beyond data processing needs. They are subject to a different 
“availability” concern, however, namely that only vocalizing animals are detected. Further, automatic 
detection algorithms, necessary for rapid processing of large acoustic recordings, are not yet 
available for all species, though this is an active area of research. Below we cover some of the 
primary acoustic monitoring methods and discuss their advantages and disadvantages. 

Acoustic methods are divided into “passive” and “active” methods. Active methods involve the 
transmission of sound whose return echo can be analyzed to determine the identity and/or 
abundance of target organisms (Mellinger et al. 2007). These methods are rarely used in cetacean 
surveys except to gather information about prey items such as copepods and krill. Passive acoustic 
methods “listen only,” meaning that no sound is transmitted by the recorder. Passive acoustics 
devices can be divided into three categories: stationary bottom-mounted recorders, cabled 
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hydrophones, and mobile hydrophones affixed to ocean gliders, drift buoys, or ships. Each of these 
has its advantages and disadvantages, well covered by Mellinger et al. (2007) and summarized below. 

Bottom-mounted recorders are commonly used for cetacean surveys at many depths. The 
attractiveness of this approach is that once units are deployed, they may be left in place for several 
months or more, collecting continuous data. As stationary units, they can yield data that show how 
intensively the area around the recorder is used by calling whales, although whether that use reflects 
a single relatively stationary individual or many individuals moving through cannot easily be 
discerned (but see Marques et al. 2013). When recorders are placed in tight arrays design, they can 
allow calls to be localized, when precise locations are of interest. Broad arrays can provide 
information on how animals are using the area, including assisting in interpretation of behavior 
around the recorders. They can also provide information needed for relative abundance estimates.  

Towing cabled hydrophones with a ship or ocean glider maximizes spatial coverage at the 
expense of intensity of effort in a single location, a tradeoff of time for space similar to that between 
aerial and shipboard surveys. This expanded spatial coverage may prove advantageous to cover a 
large area like the New York Bight. Towed arrays require ships to tow them, but they can be 
piggybacked onto shipboard surveys with other primary objectives such as visual whale surveys, 
plankton surveys, and habitat mapping. Further, the pairing of acoustic and visual whale survey data 
can be powerful for a comparison of methods. AMAPPS uses towed hydrophones mainly for 
toothed whales including sperm whales, whose higher frequency vocalizations can be heard above 
the ship noise because of the speed of the ship. Towed hydrophones yield little information on 
baleen whales due to the flow of water masking much of the low frequency content within the 
sound recording (S. Van Parijs, personal communication). 

Autonomous underwater vehicles (a.k.a. “gliders”) can carry hydrophones over long distances 
and multiple depths, and represent a good option for passive acoustic monitoring in deeper waters 
and when wider coverage of space is desired than can be achieved with bottom-mounted recorders 
(Klinck et al. 2012, Baumgartner et al. 2013a). They are likely to be considerably cheaper than both 
bottom arrays and towed arrays (resulting from much less ship time) while gathering better 
information on baleen whales than towed arrays. NOAA’s Northeast Fisheries Science Center, in 
collaboration with Woods Hole Oceanographic Institution, is implementing a three-year project to 
make both electric and wave gliders a more viable option for baseline monitoring. Wave gliders are 
the best option for monitoring at a large spatial scale such as the area of the NY Bight because 
electric gliders do not have enough battery life to cover the whole area. While the technology is new, 
the system has been successfully demonstrated in three field studies so far (M. Baumgartner, 
personal communication) and has promise for autonomously surveying the very large study area of 
the NY Bight year round. 

The most frequently expressed concerns with the use of passive acoustics are 1) the difficulty of 
obtaining absolute abundance data, owing to imperfect knowledge of vocalization rates (and 
variability due to behavior, season, and sex); 2) the potential for missing animals that are not 
vocalizing; and 3) the additional sampling needed to obtain precise location data when that is of 
interest. However, regarding abundance estimates, as noted above, analytical methods are being 
developed for single recorder setups (Marques et al. 2013), broad arrays of passive acoustic recorders 
can yield relative abundance estimates (S. Van Parijs, personal communication), and knowledge of 
vocalization rates is increasing, which will eventually enable improved abundance estimates. 
Regarding missing animals, all survey methods miss some animals, and passive acoustic methods 
miss fewer animals than visual methods in many circumstances (Swartz et al. 2003, Barlow and 
Taylor 2005, Oleson et al. 2007, Clark et al. 2010), especially during winter when bad weather may 
significantly hamper or prevent surveying using planes or ships. Finally, triangular arrays can allow 
localization of calls (Mellinger et al. 2007) with a modest increase in equipment and effort. Whether 
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precise location data are even needed depends on the objectives of a given study, and for NYS 
DEC’s immediate purposes, presence within a larger management unit of, say, 30 arc-seconds × 30 
arc-seconds (approximately 1 km × 1 km), a commonly used cell size for density modeling (e.g., 
Geo-Marine, Inc. 2010), is likely sufficient. 

Tagging and telemetry 
In recent years, tagging has increased in popularity as a method of tracking individual whales 

and has yielded insights into movement patterns (including residency times), depth profiles, and 
vocalization behavior (e.g., Mate et al. 1997, Wade et al. 2006, Friedlaender et al. 2009, Parks et al. 
2011, 2012). Two primary kinds of tags are used: archival tags, which are attached with suction-cups 
and require tag recovery for data download, and satellite tags, which are usually injected into the 
blubber and underlying muscle for long-term data collection and are not recovered. Archival tags 
(e.g., DTAGs or Acousonde tags) usually include sensors such as three-dimensional accelerometers 
and magnetometers, depth sensors, and sound recording, providing a wealth of very detailed data on 
the whale’s behavior including information on vocalization rates. Data from satellite tags must be 
relayed using a satellite link with limited bandwidth (typically the ARGOS system) and therefore the 
amount of data that can be transmitted is reduced (in most cases limited to location of the animal). 
Some tags combining both archival and satellite tracking capabilities are also available (S. Parks, 
Appendix A). 

Both archival tagging and satellite tagging are research tools that will be critical for addressing 
NYS DEC’s longer-term monitoring objectives. Once baseline information on whale occurrence 
and abundance in the Bight and shipping lanes is obtained, satellite tagging would provide useful 
data on individual whale movements and yield insights about the animals’ behavior and residence 
time in our waters. Archival tagging will also provide behavioral information, like depth profiles and 
vocalization rates (which can be used to calibrate abundance estimates from acoustic monitoring), 
and facilitate health and population genetics studies. However, these methods do not appear to be 
appropriate or cost-effective for obtaining baseline information on seasonal occurrence and 
abundance. Sample sizes for tagging efforts are typically small (often fewer than five animals) and 
extrapolation from small sample sizes to an entire population is usually unadvisable. Further, for 
species that are determined to be using the Bight primarily for migration, a satellite tagging effort 
with a regional focus would be more appropriate. Tagging should certainly be considered when 
choosing techniques to conduct behavioral and movement studies, and may be piggybacked on 
shipboard surveys so that dedicated tagging cruises are not needed. 

On the horizon 
Here we briefly mention some promising techniques that are not yet ready to be deployed in 

baseline, multispecies, broad-scale monitoring, but that may be worth reconsidering in years to 
come. These include unmanned aerial vehicles, satellite counts, and automatic detection of whale 
blows. Unmanned aerial vehicles (which may refer specifically to either unmanned aircraft systems 
(UAS) or drones) have received a fair bit of attention in recent years for photography and other 
ecological monitoring (e.g., Iv et al. 2006, Koh and Wich 2012, Anderson and Gaston 2013), and 
have been tested with some marine mammals (Maire et al. 2013). They are being used currently by a 
group of researchers (including NOAA’s SWFSC; https://swfsc.noaa.gov/news.aspx?id=18612) in 
New Zealand to look at sperm whales; they may also be able to take samples of the whale’s plume 
with the drone in the future. For full consideration as a method of monitoring whales in the 
Northeast U.S., however, researchers must wait for the legality of operation over coastal zones to be 
assessed by the Federal Aviation Administration (S. Kraus, personal communication). Further, 
algorithms for automatic detection of marine mammals are lacking, and they lack the easy flexibility 
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of aerial surveys for going “off effort” to count and identify aggregations of animals (S. Kraus, 
personal communication). Additionally, both drones, which do not require a pilot and UAS, which 
can operate autonomously but are monitored by a pilot who can take control if needed, still have a 
number of technical issues that need to be worked out. Other researchers have begun using existing 
remote-sensing technology, namely satellites, to count whales (Fretwell et al. 2014). Fretwell and 
colleagues report on some initial success in building detection algorithms for southern right whales 
(Eubalaena australis). Similar detection algorithms would need to be built for western North Atlantic 
species, and the technique’s probability of detection and other parameters elucidated, before this 
method would be ready to deploy in our area. 

Another method that has been considered for over the past 15 to 20 years with some promise is 
the automated detection of whale blows from infrared thermal imaging (Burkhardt et al. 2012, 
Santhaseelan et al. 2012, Zitterbart et al. 2013). Currently this method cannot identify whales to the 
species level, is not effective in windy conditions, and is less effective in warm summer when 
differences between air and blow temperatures are smaller, but it could alert visual observers to the 
presence of whales. Thus, they are mainly a tool to increase detectability or alert managers that 
whales are present. Considerable field testing is needed before this method could be deployed at a 
large scale for monitoring individual whale species. 

Method comparison 
In this section we lay out the advantages and disadvantages of each whale survey method. In 

doing so, we draw from a matrix generated during discussion at the expert workshop (Appendix 
A—workshop notes), workshop presentations (e.g., Rosenbaum and Camhi), and reports and 
published literature. The balance of advantages and disadvantages of individual methods (Table 5) 
should help inform a decision on the most suitable combination of methods for monitoring whales 
in the New York Bight.  

14 
 



Table 5. Comparison of whale survey methods, based on presentations and discussion at the January 2014 workshop and subsequent conversations; 
some of the contrasts were gleaned from Rosenbaum and Camhi (Appendix A). Dashes indicate that a particular piece of information is not applicable 
to the technique. 

    General suitability for addressing these aspects of occurrence 

Method 
category Method Summary of advantages Summary of disadvantages Localization 

Seasonality 
of 

occurrence 

Distribution 
and 

abundance 

 
Behavior 

 

Visual 

Aerial 

Distribution & 
abundance estimates; the 
more cost effective of the 
two visual methods.  

Provide a snapshot only; 
observations limited to 
daylight hours & good 
weather; especially challenging 
in winter, only surfacing 
animals are detected; observer 
error a factor; abundance 
estimates need lots of data (as 
do shipboard surveys); human 
safety a concern 

Excellent Varies 
based on 
monitoring 
intensity 

Excellent—
but requires 
a lot of data 
(as do 
shipboard 
surveys) 

Very good 
for surface 
behavior 
(especially 
for seeing 
feeding 
and 
mothers 
with 
calves) 

Shipboard 

Distribution & 
abundance estimates; 
greater chance of 
observing long-diving 
whales, additional 
biological and 
oceanographic data 
collection can be 
included 

Provide a snapshot only; 
observations limited to 
daylight hours & good 
weather; only surfacing 
animals are detected; observer 
error a factor; abundance 
estimates need lots of data (as 
do aerial surveys); more 
expensive than aerial 

Excellent Varies 
based on 
monitoring 
intensity 

Excellent—
but requires 
a lot of data 
(as do aerial 
surveys) 

Excellent 
for surface 
behavior 

Tagging D tagging 

Provides information on 
movement patterns and 
behavior, including 
vocalization behavior 
which can provide 
information to assist 
analysis of PAM data 

Data collection is short term - - - Excellent 
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    General suitability for addressing these aspects of occurrence 

Method 
category Method Summary of advantages Summary of disadvantages Localization 

Seasonality 
of 

occurrence 

Distribution 
and 

abundance 

 
Behavior 

 

Satellite 
tagging 

Provides information 
about residency times 
and habitat use; good 
spatial and temporal 
coverage (individual) 

Hard to get a large enough 
sample size needed to infer 
population-level movements; 
limitations in tag longevity 

Excellent Very good - Very good 
for 
traveling 
or 
migration 
and depth 
changes 
but fair to 
poor for 
other 
behaviors 

Passive 
acoustics 

PAM in 
general 

Good for seasonal 
presence, occupancy; 
long and continuous data 
series; good temporal 
coverage; diel coverage; 
not weather dependent; 
permanent acoustic 
record; auxiliary species 
and environmental noise 

Limited to vocalizing animals; 
limited spatially (depending on 
no. units); limitations for 
overall abundance estimates 
(relative abundance for some 
species) 

Varies depending 
on detection 
range and array 
design 
 

Excellent Varies but 
generally 
poor; 
methods are 
in 
development 

Baleen: 
Good 
Sperm: 
Excellent 

Bottom-
mounted 
recorder 
(single) 

Round-the-clock 
monitoring; ability to do 
simultaneous broad 
spatial coverage 

Imprecise locations Fair but likely 
adequate 

Excellent Fair Baleen: 
Good 
Sperm: 
Excellent 

Bottom-
mounted 
recorder 
array 

Precise locations and 
relative abundance 
estimates may be 
possible; cost-effective 

Additional recorders and 
deployment costs 

Excellent within 
detection range 

Excellent Good Baleen: 
Good 
Sperm: 
Excellent 
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    General suitability for addressing these aspects of occurrence 

Method 
category Method Summary of advantages Summary of disadvantages Localization 

Seasonality 
of 

occurrence 

Distribution 
and 

abundance 

 
Behavior 

 

Glider 

Many of the same 
advantages as PAM. 
presence, long and 
continuous data series, 
not weather dependent, 
information about depth 
profile of whale habitat 
use; real-time data 
reporting 

New technology Fair but likely 
adequate 

Varies 
depending 
on 
monitoring 
intensity 

Fair Baleen: 
Good 
Sperm: 
Excellent 

Ship-towed 
hydrophone 

Piggybacks on shipboard 
surveys 

Not usable in shallow water; 
hard to hear baleen whales 

Fair; only for 
deeper water 

Varies 
depending 
on 
monitoring 
intensity 

Fair Baleen: 
Poor 
Sperm: 
Excellent 
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Examples of method combinations 
Cetacean researchers have long recognized that each survey method has its advantages and 

disadvantages, and that methods deployed in combination yield better estimates of occupancy, 
density, abundance, and most other population parameters of interest. Most combinations of 
methods that are deployed have the goal of generating spatially explicit density estimates that cover 
surveyed and unsurveyed portions of the study area. In this section we summarize some 
combinations of methods used recently by efforts with similar goals to those of NYS DEC’s. 

Western Atlantic 
In 2010, NOAA kicked off the Atlantic Marine Assessment Program for Protected Species 

(AMAPPS), a broad-scale monitoring effort aimed at providing data on the population status of 
marine mammals, sea turtles, and seabirds along the U.S. portion of the western Atlantic. The 
program includes aerial surveys, shipboard surveys, passive acoustics, and many auxiliary efforts. 
Because the goal of these surveys is to estimate regional abundance and distribution, New York 
waters are not covered thoroughly enough to assess whale populations in the NY Bight alone. 
AMAPPS includes three aerial tracklines fully contained within the New York Bight which are 
surveyed twice a year. Additionally, some shipboard transects are done in the NY Bight but, these 
are currently confined to deep water areas around the shelf break. However, AMAPPS program 
scientists have expressed a willingness to work with NYS DEC to provide some extra coverage, 
such as adding aerial tracklines in the Bight similar to their denser tracklines in BOEM wind energy 
areas south of Massachusetts and Rhode Island, off of southern NJ, and off of VA. Tracklines could 
be added in time for the winter 2014 survey (D. Palka and S. Van Parijs, personal communication). 
However, funding to continue AMAPPS in future years is uncertain though possible. 

New Jersey  
New Jersey (Geo-Marine, Inc. 2010, Whitt et al. 2013) conducted cetacean and sea turtle 

surveys using aerial, shipboard, and passive acoustic methods in 2008 and 2009 off the portion of 
the New Jersey coastline deemed most suitable for offshore wind development. Aerial transects 
followed NOAA methodology, using a double saw-tooth pattern that allowed coverage of the entire 
study area in a single day. Surveys were conducted monthly with two observers. Shipboard 
methodology used a single platform with three simultaneous observers and line transect methods 
following Buckland et al. (2001), also in a double saw-tooth pattern. Four to five bottom-mounted 
recorders were deployed generally in a diamond or cross pattern located in the central portion of the 
study area (see Geo-Marine, Inc. 2010 for deviations). Sample rates were set to target either 
delphinids or baleen whales. 

Animal densities for the study area were estimated using conventional distance sampling 
techniques and finer scale densities were estimated using density surface modeling and general 
additive models, both in the program Distance (Thomas et al. 2010). Estimates were calculated 
separately for aerial and shipboard surveys. Passive acoustic monitoring results were used to 
supplement presence/absence information for certain species. 

Over the two years of surveying, covering over 12,200 km of aerial trackline, over 12,800 km of 
shipboard trackline, and 38,700 hours of acoustic data collection, three endangered great whale 
species were detected: right whale (two on-effort sightings, shipboard and acoustic only), humpback 
whale (10 sightings, aerial and shipboard only), and fin whale (27 sightings, all three methods). The 
number of detections of any individual species was insufficient for the generation of density 
estimates by season, so seasons and/or species were pooled for density estimation. Aerial surveys 
produced so few detections of endangered whales that none of the density estimates for endangered 
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whales included aerial data. Fin whale was the only species with sufficient data for modeling of 
pooled-season density. 

European Atlantic 
Hammond et al. (2013) report on a cetacean survey in the European Atlantic that repeated 

surveys conducted 11 years prior. The study area was divided into survey blocks, some of which 
were surveyed by ship, while others were surveyed by aircraft. Their shipboard surveys used a 
double platform approach (Laake and Borchers 2004) to generate abundance estimates and account 
for imperfect detection of animals. Aerial surveys employed the circle-back method (Hilby 1999) for 
this purpose. As the target of surveys was primarily smaller cetaceans like dolphins and porpoises, 
rather than larger whales to be targeted in New York, we may wish to draw limited conclusions 
about the suitability of these methods for our purposes in New York.  

Approaches for baseline monitoring in the NY Bight 

Guiding principles 
In coming up with options for combinations of methods to meet New York’s baseline 

information needs on large whale SGCN, we followed some guiding principles in addition to 
considering the objectives stated above. We determined that any baseline monitoring program for 
the NY Bight, to meet the minimum information needs, must 

• Yield data on distribution, abundance (when possible), and seasonal and interannual 
varibility for each of the six species of large whales at a fine enough scale for management 
applications and conservation planning; 

• Be conducted for a minimum of three years to provide a snapshot, but serve as a basis for 
long-term monitoring which ideally would continue to take place annually thereafter due to 
considerable interannual variation in the parameters of interest; 

• Take advantage of existing data; and 
• Coordinate with regional and neighboring-state monitoring programs and others, including 

cost and/or equipment sharing. 

Monitoring options 
In this section we lay out a variety of options for a minimum three-year SGCN whale inventory 

of the New York Bight that can provide data for assessment and to serve as a basis for guiding 
longer-term monitoring, guided by the principles above. Options are shown first for the targeted 
effort in the shipping lanes followed by options for the broad-scale survey of the Bight. We consider 
visual-only methods, passive acoustics-only methods, and combinations of visual methods with 
passive acoustics. Our aim was not to be exhaustive, but to present reasonable combinations of 
methods to meet New York’s current information needs.  

Shipping lane monitoring options 
This piece of the monitoring program will be coordinated and combined with broader scale 

survey efforts such as aerial, shipboard surveys and gliders. Additionally, combining data from 
bottom-mounted recorders placed strategically with glider coverage for the full spatial extent, we 
expect to be able to get an acceptable acoustic profile for both spatial scales. Our plan for this 
monitoring is to begin with a baseline study and then scale up the surveying and conservation efforts 
as warranted by the results. As the DEC goes through this process, collaborations and funding from 
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sources outside the agency will be necessary. Some collaborators may include the Port Authority of 
NY/NJ, the US Coast Guard, NOAA, professional mariners groups and others.  

Subsequent steps that may be taken if the baseline data show recurring presence of whales, 
especially right whales, in the shipping lanes may include the following: 1) collecting behavioral data 
using other methods such as small-scale aerial and shipboard surveys (during which oceanographic 
and prey sampling could take place) as well as using tagging and telemetry; 2) determining the degree 
of overlap of whales and vessels in the shipping lanes (in collaboration with Port Authority and 
others); and 3) determining if real-time monitoring, additional speed restrictions and/or other means 
of mitigation are needed. 

We considered three options for monitoring whales in and around the shipping lanes. In 
choosing an option it was necessary to balance costs and monitoring needs of both this and the 
broader scale surveying of the Bight. While three options are presented here, Option A is preferred 
as the best to meet our data needs as well as cost and logistical constraints. Therefore, we provide 
the most detail for Option A.  

 
A. (preferred): Bottom-mounted recorders 
The design for recorder deployment would be as follows (Figure 2): 

• Three recorders would be placed at the convergence of the shipping lands at the entrance to 
New York Harbor.  

• Recorders would be placed in, or in close proximity to, the Ambrose-Nantucket traffic lanes 
at a distance of approximately ~20 km apart starting from within state waters to just below 
Nantucket if funds permit (note: in Figure 2 we show recorders only to the edge of the 
Bight, which would be the minimum coverage required). 

• Recorders would be placed in, or in close proximity to, the Ambrose-Hudson traffic lanes at 
a distance of ~20 km apart starting from within state waters to end of the continental shelf. 
Ideally, if cost allows, 2-3 recorders should be placed around the edges of the deepest part of 
the Canyon (near the shelf break) as this is an area of interest (note: again, these extra 
recorders are not shown in Figure 2). 

• Placement of lines of recorders in the two shipping lands will also serve as “acoustic nets” to 
provide information on migrating animals, fitting into the broad-scale monitoring objectives. 

• Data would be collected year-round for a minimum period of three years.  
 

B: Bottom-mounted recorders and targeted aerial surveys 
• Bottom-mounted recorders as described in Option A.  
• Aerial surveys: Protocols would follow those detailed for the broader scale monitoring 

(below) but on a smaller spatial scale. Surveys should be conducted bi-monthly when 
possible. They should be conducted in the area of the shipping lanes, flights should follow a 
double-saw pattern or parallel transect pattern, and days should be randomly selected. 

• Note: Even if this option is not employed at this spatial scale, broader scale aerial survey 
work should include coverage of these areas in the design so that the data can be compared 
and combined to whatever extent possible.  

 
C: Bottom-mounted recorders, targeted aerial survey, and targeted shipboard survey  

• Bottom-mounted recorders as described in Option A. 
• Aerial surveys as described in Option B. 

20 
 



• Shipboard surveys: Protocols would follow those detailed for broader scale monitoring 
(below) but at a smaller spatial scale. Work should be conducted at least once per season 
(twice if possible) and coordinated with aerial survey work. Transect design will have to be 
decided with the consideration of high ship traffic in mind. Additional data should include 
oceanographic data and prey sampling if possible.  

Broad-scale baseline monitoring options 
As we did for the shipping lanes above, here we lay out a variety of options for a broad-scale 

baseline SGCN whale inventory of the New York Bight. Key findings are summarized in Table 6. 
 

1. Aerial only 
Information generated on whale SGCN: Aerial surveys can be very useful for characterizing the 
distribution and abundance of some whale species. The New Jersey study (Geo-Marine, Inc. 
2010, Whitt et al. 2013) got very little information from aerial surveys compared to shipboard and 
acoustics (A. Whitt and K. Dudzinski, personal communication), but this may have been because 
of the size of the survey area, the configuration of the airplane, or the possibility that New Jersey 
is primarily a migratory pathway for large whales, with no or few resident populations and 
aggregations that would have made visual detection more likely. Bimonthly aerial surveys in the 
NY Bight conducted by the Riverhead Foundation for Marine Research and Preservation 
(DiGiovanni Jr. and DePerte 2013) over the course of 13 months in 2004 and 2005 yielded 
multiple fin and humpback whale detections and a single detection each of sperm, sei, and right 
whales east of our identified study area. Relying on this method alone for NY would not likely 
provide sufficient information on sperm whales, which spend long periods in dives, or sei and 
blue whales, which appear to be rare in NY. With so few detections of many target species in 
these two recent surveys, plus feedback from the expert workshop about the difficulties and 
dangers of winter surveys, it appears that aerial surveys alone will not be sufficient to meet New 
York’s basic information needs for many SGCN. Combining aerial surveys with other methods 
will be necessary. 
 
Compatibility with existing programs and data: Continuing aerial surveys in NY will have the benefit of 
meshing cleanly with AMAPPS regional surveys (and the potential for two surveys per year as a 
part of AMAPPS using a denser set of tracklines in the NY Bight, if AMAPPS is continued). 
Additional aerial surveys would also provide a comparison to the 2004-2005 surveys. 
 
Auxiliary information: Other marine mammals (including harbor porpoises), sea turtles, sharks, and 
other marine species may be detected with aerial surveys. For some of these species the numbers 
of detections may be sufficient to yield useful baseline information. NY-specific abundance 
estimates may be possible for the more common large whale species like fin and humpback. 
Other auxiliary data may include presence of vessels, fishing gear, dead and entangled whales, and 
in some cases environmental data such as sea surface temperature. 

 
2. Shipboard only 

Information generated on whale SGCN: Shipboard surveys, like aerial surveys, have many benefits, and 
were rated highly in our expert workshop (Table 5). When used alone, however, they have some 
of the same limitations as aerial surveys alone, including the low expected frequency of encounter 
with sperm whales, which spend a great deal of time in dives, and blue and sei whales, which 
appear to be rare in our waters.   
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Compatibility with existing programs and data: Shipboard surveys in the Bight would complement 
regional data from AMAPPS and New Jersey’s 2008-2009 surveys. 
 
Auxiliary information: Shipboard surveys provide an opportunity for a wealth of additional data 
collection in addition to detections of non-target species during whale surveys. Many researchers 
use the shipboard platform to collect data on habitat, zooplankton, and fish schools (e.g., NEFSC 
and SEFSC 2013). Some of these data could lead to a better understanding of habitat 
relationships for whales and the eventual ability to monitor prey base and other parameters as 
predictors of whale occurrence and relative abundance (e.g., Pendleton et al. 2009, Gregr et al. 
2013, Baumgartner et al. 2013b). The most important add-on for shipboard surveys for the 
purposes of NY’s baseline whale surveying, however, is the opportunity to tow a hydrophone 
array for passive acoustic monitoring. The critical information obtained via this method for our 
stated goals is acoustic detection of sperm whales, which are less reliably detected with visual 
methods. In the 2011 AMAPPS surveys, acoustic detections represented 87% of all sperm whale 
detections (NEFSC and SEFSC 2012). NOAA is currently working on incorporating detection 
rates of sperm whales into abundance estimates (NEFSC and SEFSC 2013). However, the towed 
hydrophone arrays cannot be used safely in shallow waters and are useful for detecting baleen 
whales, so this approach would not yield important information for many species in much of the 
Bight. 
 

3. Passive acoustics only  
Information generated on whale SGCN: The biggest advantage of most passive acoustic methods over 
visual methods is the ability to conduct round-the-clock sampling over broad geographical areas 
in all weather conditions at a cost comparable to or less than that of aerial or ship board surveys. 
They appear to be as reliable as visual methods for identification of the six large whales, and have 
higher detection rates than visual methods. In fact, were NY’s sole information need the daily 
occupancy (presence or absence) of large whales of the Bight at a coarse scale, passive acoustic 
methods could meet much of that need. The main limitation of passive acoustics at present for 
meeting NYS DEC’s needs is that abundance estimates from non-arrayed recorders are presently 
poor, but could improve in the near future (see Marques et al. 2013). In addition, much of the 
useful visual observations of whale behavior, occasions of ship strike or entanglement, and other 
species presence would not be obtained. 
   A monitoring plan based solely on passive acoustics would entail at least one line of recorders 
(or preferably two, as in the design for shipping lanes above) extending southeast from Long 
Island as in the Cornell Lab of Ornithology (2010) study to serve as an “acoustic net” to 
determine migration timing, combined with a method of covering the entire Bight. A glider 
would be the most cost-effective method of doing the latter, although a coarsely spaced grid of 
bottom-mounted recorders would be another option.  
    
Compatibility with existing programs and data: AMAPPS has a bottom-mounted recorder component 
(though not to date in the NY Bight) and the types of data and methods of data collection would 
be also be comparable with those in the Cornell Lab of Ornithology (2010) study. It would also 
be comparable to data being collected by the NEFSC and the New England Aquarium in 
Massachusetts. This could be also integrated into the regional Ocean Observing Program being 
developed by NOAA. The NEFSC and WHOI will be deploying a glider in the Gulf of Maine in 
2015. 
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Auxiliary information: Toothed whales (in addition to sperm whales) may be detected if recorders’ 
sampling frequency is set to cover their vocalizations’ frequency range. Ambient noise levels, 
noise pollution, sounds from fish and other animals can also be detected. A towed hydrophone 
could be used if a shipboard survey is chosen to collect data on sperm whales. Currently, 
AMAPPS is using a towed hydrophone for shipboard surveying near the edge of the continental 
shelf, so data on sperm whales near the shelf should be covered by that effort for some seasons 
as long as funding continues. 

 
4. Aerial and shipboard 

Information generated on whale SGCN: The combination of aerial and shipboard surveys would yield 
better distributional information and would balance the advantages and disadvantages of each 
method. The towed hydrophone array would yield good information on sperm whales in deeper 
water, but would not yield good information on baleen whales and could not be used near land 
due to safety concerns. Winter surveys would remain difficult to conduct and less trustworthy 
given inclement weather conditions. 
 

5. Aerial with passive acoustics 
Information generated on whale SGCN: Aerial surveys could monitor changes in abundance while 
passive acoustics monitored changes in seasonality over time. Several of the expert reviewers felt 
that this option was the most cost effective. 
 

6. Shipboard with passive acoustics 
Information generated on whale SGCN: This option accounts for the shortcoming of towed 
hydrophones (deeper water only) by using bottom-mounted recorders or an ocean glider 
throughout the Bight. The towed hydrophone could be tuned to detect sperm whales, with the 
bottom-mounted recorders targeting baleen whales. 
 

7. Aerial, shipboard, and passive acoustics 
Information generated on whale SGCN: This combination of all four primary methods under 
consideration would be the strongest for generating information on whale SGCN, including the 
rarest species and those least easily detected. Several of the expert reviewers felt that this would 
be the best option if funds were not limiting. 
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Figure 2. Mock-up, for illustration purposes only, of bottom-mounted recorder deployment to 
meet some baseline information needs on large whale SGCN. Recorders are represented by yellow 
dots; shipping lanes are gray swaths. The seven-recorder lines through the shipping lanes would 
serve to characterize distribution in the shipping lanes and serve as “acoustic nets” (Cornell Lab of 
Ornithology 2010) intended to capture migrating animals. 
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Table 6. Summary of key features of seven possible approaches to broad-scale baseline monitoring of SGCN 
whales in the New York Bight. We use “distribution” as shorthand for other facets of animal occurrence such 
as daily, monthly, or seasonal occupancy. 

Approach Likely data yields Key shortcomings 
1. Aerial only Abundance and distribution of fin 

whales; distribution of humpback 
and right whales 

Little information on sperm, sei, blue 
whales; winter data sparse 

2. Shipboard only Abundance and distribution of fin 
whales; distribution of humpback 
and right whales; with towed 
hydrophone, distribution of sperm 
whales 

Little information on sei whales; without 
hydrophone, little information on sperm 
and blue whales; winter data sparse; no 
round-the-clock data closer to shore 

3. Passive acoustics only Year-round, relatively coarse-scale 
distribution and relative abundance 
of baleen whales, depending on the 
number and configuration of 
recorders; migration timing and 
patterns 

Somewhat imprecise location data 
throughout most of the Bight (depending 
on the number and configuration of 
recorders); no abundance estimates 
possible in most places (although new 
methods are being developed); sperm 
whale data would be provided primarily 
by AMAPPS shipboard surveys with 
towed arrays 

4. Aerial with shipboard Improved estimates of abundance 
and distribution of fin whales; 
distribution of humpback and right 
whales; distribution of sperm and 
maybe blue whales; better chance at 
distribution of sei whales 

Winter data sparse; no round-the-clock 
data closer to shore 

5. Aerial with passive 
acoustics 

Abundance and fine-scale 
distribution of fin whales; fine-scale 
distribution of humpback and right 
whales; year-round, coarse-scale 
distribution of all six species; winter 
abundance in key areas with arrays; 
migration timing and patterns 

Likely little information on sei whales 

6. Shipboard with 
passive acoustics 

Abundance and distribution of fin 
whales; distribution of humpback 
and right whales; distribution of 
sperm and maybe blue whales; year-
round, coarse-scale distribution of all 
six species; winter abundance in key 
areas with arrays; migration timing & 
patterns 

Likely little information on sei whales 

7. Aerial with shipboard 
and passive acoustics 

Abundance and fine-scale 
distribution of fin whales; fine-scale 
distribution of humpback and right 
whales; year-round, coarse-scale 
distribution of all six species; winter 
abundance in key areas with arrays; 
migration timing and patterns 

Possibly little information on sei whales 
(but best chance) 
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Recommendations and additional details 
NY Natural Heritage worked with NYS DEC to narrow down the seven baseline options 

outlined above to three options that appeared to best meet New York’s information needs and that 
spanned a range of likely budgets. Our preferred option for monitoring shipping lanes is Option A 
and that will not be discussed further here. Below we provide detail on sampling design and data 
collection for three options for conducting broad-scale monitoring. Cost estimates were provided 
separately to NYS DEC’s senior managers and are not included here. In all three options, 
coordination with AMAPPS and the NEFSC/WHOI glider project will yield the most cost-effective 
and consistent approach to data collection. Preliminary conversations with NEFSC scientists suggest 
that it may be possible to add AMAPPS tracklines for the New York Bight for aerial surveys that 
NOAA would conduct approximately twice per year. Coordination on the design and deployment of 
bottom-mounted recorders is also possible. 
 
Option 4: Aerial and shipboard surveys 

• Relative cost: Middle of the three options 
• Aerial surveys: 

o Survey design, method of data collection and safety considerations (including 
appropriate flying conditions) should be finalized in conjunction with staff from 
DEC and NOAA’s NEFSC in order to have results that are comparable to existing 
NOAA surveys and to provide the best possible safety guidelines.  

o Surveys should be conducted at least once monthly (and as possible in winter). 
Sample days should be randomly selected during each month. 

o Flights should follow double-saw-tooth tracklines that are randomly generated. 
o Approximately 2500-3000 km of trackline will cover the Bight, depending on the 

angle between transect legs. If tracklines are flown at 185 km/hr, it should be 
possible to cover the Bight in three days, including flying to the start point and off-
effort data collection. Expect surveys to be canceled due to inclement weather in one 
of every four days on average.  

o Surveys should be conducted from a standard altitude (e.g., 183 m or 230 m). The 
plane’s position should be recorded regularly using GPS. 

o Aircraft should be twin engine with bubble windows or other means of all-around 
visibility. 

o A minimum of two observers should be used, one on each side of the aircraft. An 
additional observer serving as a data recorder is preferred, with observers rotating 
positions regularly. A belly observer or camera should be used to ensure no animals 
are missed on the trackline. 

o Data recorded should include species of whales sighted and angle from observer 
(time and position). Group size and any behavioral observations also should be 
recorded. The focus of the data collection should be on the six target species of large 
whales. However, additional data, including basic information on all marine 
mammals, sea turtles, vessels, fishing gear, other aircraft, and sea surface temperature 
should be collected as well.  

o Planes may go off effort and circle back to confirm identification of observed 
whales, count them, and take photo ID pictures of right whales. 

o Environmental data collected should include factors expected to affect detectability 
of whales (e.g., glare, water color, clarity, sea state, and weather) at the beginning of 
each track line and whenever there are changes in conditions. 
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• Shipboard surveys: 
o Surveys should be conducted once per season at minimum (preferably at the same 

time period as aerial surveys to help compare results).  
o The same tracklines used for aerial surveys may be used for shipboard surveys. With 

2,500 km of trackline, and ship speed of 18.5 km/hr (= 10 knots), 135 hours (or 17 
eight-hour days) would be needed to complete the tracklines. Expect surveys to be 
canceled due to inclement weather in one of every four days on average. 

o The focus of the data collection should be on the six target species of large whales. 
However, additional data, including basic information on all marine mammals, sea 
turtles, vessels, and fishing gear should be collected as well.  

o Surveys should be conducted from a standard height above the water, using a single- 
or double-observer platform. 

o A minimum of two observers should be used, one on each side of the ship. An 
additional observer serving as a data recorder is preferred, with observers rotating 
positions regularly. 

o Data recorded should include species of whales sighted and angle and distance from 
observer (time and position), as well as behavior and group size. 

o Ships may deviate from the trackline to confirm identification of observed whales 
count them, and photograph right whales for ID. 

o Basic environmental data should be collected including sea state, weather, sea surface 
temperature, and salinity. 

o Opportunities for corollary data collection (zooplankton abundance, towed 
hydrophone recordings in deeper waters, oceanographic data, biopsy) should be 
explored. 

 
Option 5: Aerial surveys with passive acoustics 

• Relative cost: Most cost effective of the three options 
• Aerial surveys: As in Option 4 
• Bottom-mounted recorders: 

o The preferred design would be one that maximizes coverage of the Bight and also 
specifically targets migrating animals. Given the objectives of our monitoring 
program we also have to consider coverage of the shipping lanes. To that end, we 
would ideally employ the design discussed in the options for the shipping lanes 
(Figure 2). Alternatively, only a single line (7 or 8 recorders) could be deployed as a 
means to document migration while using the aerial surveys to document Bight-wide 
occupancy, but this is less ideal as it would not give us baseline data in the shipping 
lanes. 

o Deployment will be year-round. 
o Recorders should be set to frequencies of baleen whale vocalizations (e.g., 2 kHz). If 

AMAPPS is not continued beyond 2014, additional recorders could be placed along 
the shelf break and tuned to the higher frequencies of sperm whale vocalizations. 

o Deployment and recovery of recorders would be by ship. 
o Data to be collected include daily presence, seasonal occurrence, approximate 

location, and sound level measurements (for determining acoustic masking).  
 
Option 7: Aerial and shipboard surveys with passive acoustics 

• Relative cost: Most expensive of the three options 
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• Aerial surveys: As in Option 4 
• Shipboard surveys: As in Option 4 
• Passive acoustics: As in Option 5 

Data analysis, reporting, and aggregation 
A full treatment of analysis of monitoring data and aggregation with existing data is beyond the 

scope of this report. However, here we offer some preliminary considerations of accounting for 
detection biases, as well as looking at some different approaches to habitat and distribution 
modeling. Finally, we discuss the aggregation of data to meet our objectives, including determining 
trends and identifying areas of conservation importance. 

The last two decades have seen the emergence of a near-universal awareness of the importance 
of accounting for imperfect detection in the analysis of wildlife survey data. Survey targets are never 
detected perfectly; that is, some targets are nearly always missed despite being present at the site and 
available for counting during the survey. Further, the reasons for survey targets being missed are 
myriad: habitat type, observer differences, weather, and other factors may play a role. In whale 
surveys, glare, sea state, and observer fatigue are just a few of the factors that undermine our 
confidence in count data accurately representing abundance, or even in nondetection equating to 
absence. Luckily, statisticians have developed many analytical techniques that can account for, rather 
than ignore, imperfect detection in surveys to determine either presence or abundance, and these are 
constantly being refined. Distance sampling (Buckland et al. 2001, Marques et al. 2013) was designed 
with marine mammal surveys in mind, and takes advantage of the declining detectability of whales 
with increasing distance from the observer to model the distance-detectability function and use this 
to adjust density estimates. Occupancy modeling (Mackenzie et al. 2006) is an approach suited for 
presence/nondetection data such as those obtained from most passive acoustic monitoring. In both 
approaches, covariates for habitat, observer, weather, or other factors can be included. As stated 
earlier, any survey effort or combination of efforts deployed in New York must first try to maximize 
detectability, and secondly account for its still being imperfect (Taylor et al. 2014).  

Results should be reported at the finest spatial and temporal scales supported by the data. Data 
on as fine a temporal scale as daily may be available and useful for some species using passive 
acoustics. Monthly density estimates in one-minute grid cells may be available for some species from 
aerial surveys, while seasonal or even annual presence estimates with lower spatial resolution may be 
the finest resolution possible for others, depending on detection frequency and precision. All survey 
data will be available to the NYS DEC and made publicly available as regulations permit. 

Critical products of a three-year monitoring effort, beyond raw observations and maps of 
detections, include extrapolations of the findings to the entire study area. We recommend that any 
monitoring conducted in the New York Bight have an analysis component that facilitates Bight-wide 
decision making. Recognizing that observational data are incomplete and that various habitat and 
oceanographic parameters can predict whale abundance and distribution, researchers have used a 
variety of techniques to create distribution models and density surfaces from whale survey data (e.g., 
Geo-Marine, Inc. 2010, Becker et al. 2012, Gregr et al. 2013, Palacios et al. 2013, Lambert et al. 
2014). Such efforts are most rigorous when based on systematic or randomized sampling as 
described here (but see Lagueux et al. 2010 for an example based on data from a variety of sources). 
In future years, armed with some additional data, modelers may attempt more mechanistic 
approaches that aim to describe ecological and oceanographic processes rather than comparatively 
simple correlative approaches (Palacios et al. 2013). 
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A minimum three-year monitoring effort should produce a useful snapshot of large whale 
species distributions in the New York Bight, and will yield a strong dataset for determining long-
term change when additional data are collected in years to come. However, in the shorter term, as 
offshore energy and other projects are proposed, managers are in need of tools to identify important 
areas for whales in the Bight. For this purpose we will want to consider other recent available data, 
potentially including those data collected opportunistically as in citizen-science efforts. Such efforts 
are fraught with challenges. Of the two past efforts to do this for New York that we are aware of, 
one was based on a multiyear set of surveys of varying methodologies, anecdotal observations, and 
strandings (Sadove and Cardinale 1993), while the other was a compilation of sightings and survey 
data from an existing data clearinghouse, the North Atlantic Right Whale Consortium database 
(Lagueux et al. 2010, NYS DOS 2013). Both data sources were admittedly incomplete and included 
records from a variety of sources. That the two studies often yielded strikingly different results 
(Figure 3) is more likely due to varying methodologies and use of opportunistically collected data 
collection than to ecological changes in the 20 years separating the compilations, though we cannot 
be sure of this. Aggregating data from varying sources can be confounded by varying survey 
methods, survey effort, interannual and seasonal variation, and other factors. The identification of 
areas of conservation importance for whales will require considerable additional data collection and 
analysis, but certainly, the best estimates of important areas for whales in the New York Bight will 
only be as good as the data and methods used to identify them. With the monitoring effort outlined 
here, New York has the opportunity to collect consistent, reliable data through dedicated survey 
efforts that will inform baseline estimates and ideally result in lower impacts to the giants that share 
our waters. 
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Figure 3. Maps representing “areas of occupancy and significant habitat use” (Sadove and Cardinale 1993; 
left) and models of annual relative abundance (NYS DOS 2013; right) for North Atlantic right whale (top), 
fin whale (middle), and humpback whale (bottom). 
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Whale monitoring in the New York Bight: Workshop Agenda 
Thursday January 16, 2014, 9:00 am – 4:30 pm 

 
DEC Marine Bureau Headquarters 

205 North Belle Mead Road 
Suite 1, East Setauket, NY 

Office: 631-444-0430 
Matt’s cell: 518-478-5261 

 
Webinar: http://www.webdialogs.com (Conference ID: 58089) 
Conference call: 866-394-2346 (Conference code: 2486410699) 

 
9:00 Welcome and introductions 
 

9:15 Setting the stage and introductory remarks (Matt Schlesinger, NYNHP; Lisa Bonacci, DEC) 
 

9:30 Presentations 1 
Rob DiGiovanni, Riverhead Foundation: “Aerial surveys in New York and beyond” 
Susan Parks, Syracuse University: “Behavioral insights from tagging technology” 
Sofie van Parijs, NOAA: “Using passive acoustics to improve management and conservation of 

marine mammals in the Western Atlantic” 
Aaron Rice, Bioacoustics Research Program, Cornell: “Whale acoustic surveys along the U.S. 

Atlantic Coast: Understanding multi-species population dynamics over broad spatial and 
temporal scales” 

 

11:00 Break 
 

11:15 Presentations 2 
Howard Rosenbaum, Wildlife Conservation Society: “Contrasting & integrating various whale 

survey approaches: Considerations for the NY Bight”  
Debi Palka, NOAA: “AMAPPS aerial and shipboard surveys” 
Tim Cole, NOAA: ““NOAA aerial surveys for right whales in the Northeast Region” 
Amy Whitt, Geo-Marine: “Ecological Baseline Study off New Jersey” 
Scott Kraus, New England Aquarium: “Field Studies of Whales and Sea Turtles for Offshore 

Alternative Energy Planning in Massachusetts” 
 

12:45 Lunch (provided) 
 

1:15 Discussion: What are the most appropriate combinations of techniques for long-term 
monitoring of whale occupancy and residence time in the New York Bight? 

 Key considerations: 1) Technical feasibility and limitations of methods; 2) Coordination with 
regional and neighboring monitoring; 3) Cost—think about three tiers of expense (e.g., 
minimum, moderate, and ideal), 4) Auxiliary data on abundance, other species of interest 

 

3:00 Break 
 

3:15  Discussion (continued) 
 

4:15 Next steps and closing remarks 
 

4:30 Workshop adjourns 
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Whale Workshop Notes: 1/16/14 
 
Lisa Bonacci’s Presentation: 
DEC Management and Conservation of whales 
-Limited in the past, goal of various DEC programs and plans 
-SWAP (State Wildlife Action Plan)- Blue, Fin, Humpback, North Atlantic Right, Sei, and 
Sperm Whale 
-Two major threats DEC wants to focus on are ship strikes and wind farms 

• A question was raised about fisheries/entanglement being a major threat 
-Looking to build on long-term monitoring 
 
Matt Schlesinger’s Presentation: 
-Goals: data, methods, different needs, take advantage of existing data, define best combination 
of survey methods, what are the migratory trends and critical habitat area 
- There is a 20 year old report and also a newer report that shows density maps (hot spots) for 
species of greatest concern.  
Main question: What are the most appropriate combinations of techniques for long-term 
monitoring of whale occupancy and residence time in the NY Bight? 
Questions asked:  

• Are there areas that are under consideration?  
• What is the purpose of the monitoring: mitigation for management and conservation for 

long-term? 
 
Rob DiGiovanni’s Presentation: 
-Why monitor?  

• To determine number, understand frequency and potential impacts 
-Why important?  

• In 2001, 6 whales washed up from ship strike, including a Right whale calf. Why 
were there so many that year? Are there changes?  

• Seem to be changes in the last 20 year in the system as whole including more 
seals and leatherback turtle entanglements.  

• Animals change from year to year but there is no doubt that they are in NY 
waters. 

• Stranding occur everywhere along the coast of LI. 
-Typically 3 or 4 large whale strandings a year, 94 cetaceans stranded this year 
- Aerial survey platforms- twin otter now being used! 
-November 2004-April 2005 survey 

• 12 different species 
• 249 individual sightings 

- Right whale sightings 
• One right whale was sighted on March 13, 2005 
• A right whale was also sighted in February 2006 
• Other sightings of right whales just from shore 

Summary of survey effort: 
• 1 mile lines and each block is 20 miles long 



• harbor porpoise and common dolphins to the west 
• whales were found in line with Shinnecock and to the east 
• also recorded ship traffic seen during survey 

-Shipping traffic: looking at co-occurrence, they always seem to be overlapping. Why do some 
wash up some years and not others? How many “floaters” are we missing? 
-What is being done now? 
-Aerial surveys in mid-Atlantic- determine seasonal abundance 
-survey lines went out about 40 miles in VA (project funded by a Sect 6 grant) 
-Satellite tagging of sea turtles 
-Aerial program off Maryland 

• significant sightings on the outside of the wind farm 
-we know we have animals that are entangled and interact with vessels (example: In 2010, a 
whale washed up with blunt force trauma from a vessel strike) 

• The aerial survey work done w VA and MD saw mainly sea turtles and bottle 
nose dolphins, very few large whales. 

- How do we get information out to the public? 
• issue brought up from audience: we hear about whale washing up in news but we 

do not hear a follow up  
• need to talk about this as a network 

-Proposed survey 
• Three year project. For list of objectives for each year as well as details about 

each year refer to slide in presentation.  
o 1st year: broad scale (aerial, acoustic) 
o 2nd year: broad and fine scale 
o 3rd year: replicate 

-Integration with stranding data is important. 
Questions from audience: 

• Is just one year of going broad scale going to be enough to let us know where they 
are really going to be?  

• We need multiple datasets.  
 
Sofie van Parijs’ Presentation: 
-Passive acoustics 
-Focus is monitoring and mitigation of threats to baleen whales 
-Add value to stock abundance surveys 
-Threats: noise pollution, habitat loss, ship strikes 
-What we need to know 

• space and time: when, where, how long? 
• behavior 
• group composition 
• abundance 

-using multiple data streams 
-All our data are limited in space and time 
-making sure we have some level of coverage 
-Aerial/boat surveys, acoustics 



-passive acoustics: versatile, not restricted by weather and daylight, monitors 24/7, can go 
anywhere 
-Whenever you listen, you hear whales 
-Visual sightings vs. passive acoustics: put them together to see what is really going on 
-Towed acoustic arrays (shipboard), bottom mounted recorders, AUV-gliders. 
-Use gliders to get real time data 
-Collect data at 3 spatial scales:  
Example 1: Large spatial scale, short temporal scale, AMAPPS 
-Tow arrays drown out lower range species like baleen whales, huge # of other species collected 
though 
-Sperm whales spend only a little time above water so acoustics work better 
-Results:  

• 415 detected 
• 288 localized in NEFSC 
• double the number in acoustics compared to visual abundance 
• Acoustics (increases abundance 100-150%) can add to visual sightings  

Example 2: Medium spatial, long temporal scales 
-Buoys- west side detections, no detections further east 
-Buoys were not in the same area as the visual sightings were 
-Overlaid sightings data with acoustic data, matched up well 
Example 3: Small Spatial, Long Temporal scales-Stellwagen Bank 
-more R. whales present in the fall 
 
-2013 R. whales in areas further south, very few sightings during that time period.  
-Migration corridors 

• minke whale migration routes 
• still not known for baleen whales, spend a lot of time underwater, management 

issues include ship strike, Naval activities, energy development, climate change.  
-Sofie is working with Aaron Rice to pull together PA datasets to comprehensively look for R. 
whales.  
-Gliders: WHOI, can look for a year at a time, ideal for baleen whales, more info on WHOI 
website 
-Real time monitoring and mitigation 
-Applications for fish, including spawning areas for cod, when aggregations form and for how 
long.  
 
Aaron Rice’s Presentation: 
-Biological risk assessment, including looking at what mechanism leads to risk 
-understanding bioacoustics 

• sound is essential to many species of marine vertebrates 
-investment on computer side (let the computer do the work in finding sounds), initial investment 
saves a great deal of time later  

• computer finds a signal of interest 
-Marine Autonomous Recording unit (MARU) 

• Archival recorder to collect sounds, bottom mounted, records up to four months, 
can provide real time monitoring. Ex. MA, artic etc 



-Monitoring along the Atlantic coast 
1) Whale acoustic surveys in NY Bight 

• Goal: determine SGCN 
• Spring: low levels of right whale occurrence 
• Autumn: low for right whales 
• Winter: low for right whales 
• Fin whales all the time 
• Most of the calls in the deeper units  
• Blue whales primarily offshore 
• Fin whales all over, lower in harbor area 
• Since NY project have made a number of improvements 

2) Whale acoustic surveys in Mass Wind Area 
• 1st year: five focal species 
• can track whale movement through different sensors 
• compare with Neaq aerial survey efforts 

- Four surveys MA,VA,NC,GA 
-VA: some occurrence 11 months of the year 
-GA: essentially throughout the year 
-R. whales appear to be spending a lot of time in the mid-Atlantic in 2013 
-continental scale picture of whales along the coast 
-getting right whales (and other whales) in places we did not expect 
-use calls that don’t sound like other whales so computer will not confuse species 
-progress is being made moving towards being able to model abundance for some species 
-publication will be submitted for review in the next couple of months 
 
Susan Parks’ Presentation: 
-behavior insights from tagging 
-what does behavior tell about detectability 
-individual whales 
-diving behavior and sound production 
-ship strike and entanglement zone in water column 
-call rate of different species and/or individuals 
-need behavioral information to determining strategy 
-why do we need tags? Visual observations are limited 
-data that tags can provide 

• dive profile info 
• position data 
• 3-D subsurface movement 
• Acoustic recordings of sound production 

-tags high to low detail/duration, range of costs 
-Bruce Mate 2007, Deep Sea Res, R. Whale sat tags 
-Friedlander 2009, Mar Eco Prog Series, D-tags, 3D subsurface behavior 
Satellite and Fast-loc GPS tags 
-deployed remotely using cross bow 
-allows for large spatial scales 



-Acoustic tags (D tags, Acousonde (commercially available)) 
• records the sounds they produce and hear but don’t give position data 

-Right whale – mortality from vessel collisions and entanglement 
-right whale dive profiles from Bay of Fundy for 45 tag deployments between 2000-2005 (a lot 
of rolling around at the surface) 
-Habitat dependent foraging behavior 

• feeding right whales spent >90% of their time just beneath the surface in Cape 
Cod bay  

• during this year the food was just right below the surface 
• behavior tracking what prey is doing 

-call rates vary by behavior- most right whales have low call rates unless socializing (no call 
when traveling and foraging), therefore, migrating R. whales may not be detected acoustically 
-Attachment methods:  

• invasive – long term, can be remotely deployed, cause physical damage 
• non invasive – no harm, short term (hours to days), pole deployed 

-Deployment methods: pole or air launch 
• Pole- control placement, any tag, v close approach, 
• Air-increased range, more tags placed, decreased placement control 

Feasibility (common practice) and limitations (cost, sample size) 
-which tags 
-habitat use: satellite/TDR 
-occupancy and movement: satellite/TDR 
-acoustic: acoustic tags 
-all of the above: combo tags 
 
Howard Rosenbaum’s Presentation: 
-Objective of the NY Seascape 

• Restore healthy populations of threatened species 
• protect marine habitats 

-Rebuilding the NY aquarium to engage public  
-Key questions: 

• How are whales using the NY Bight region? 
• How long are the present? 
• How important is NY Bight/NY waters? 
• How does habitat use vary over time? 
• How important are NY waters for each species? 

-Whale surveys 
-Methods: aerial, vessel, acoustics 

• Method used depends on goal, species, spatial and temporal scales, resources 
available 

-Aerial surveys 
• Pros: distribution and abundance, good spatial coverage, data collection 

(biological) 
• Cons: limited to daylight, limited temporal coverage 

-Passive acoustic 



• Pros: long data series, good seasonal presence, temporal coverage, diel coverage 
• Cons: limited to vocalizing animals, limited spatially, limited for abundance 

estimates 
-Satellite telemetry methods 

• Pros: good for occupancy and habitat use, good spatial and temporal coverage 
-Shipboard surveys 

• Pros: collection of biological and oceanographic data 
-EEZ scale movements 
-interaction with anthropogenic features 
-multiple approaches are needed to yield the greatest success 
-integrating the techniques 
-thought needs to be given on prioritization of objectives, target species, time constraints, 
leveraging existing data, cost-benefit analysis 
-WCS has a number of papers in press,1 coming out in Cons. Biol., that may be relevant 
 
Debi Palka’s Presentations: 
-AMAPPS: SE and NE Science centers  
-Objectives:  

• collect new data (broad scale data all protected species in area) 
• some finer scale data at around 3 sites (BOEM areas of interest) 
• conduct tag telemetry studies 
• coordinate with FWS board aerial surveys 

-Assess population size, develop models to translate these survey data to seasonal, spatially 
explicit characteristics 
-Density ests correct for bias due to perception, availability and species specific behaviors 
-Habitat density model-different methods for different species 
-Prediction of future distribution 
-Aerial surveys: FWS- 4 planes that run simultaneously  
-NMFS aerial and shipboard surveys 
-broad scale and fine scale (where wind farms are) 
-passive acoustics: towed arrays, bottom mounted, working towards using all data in estimates 
-Habitat and trophic data (sst, chlorophyll, thermocline depth, fish & benthic data, EK60 
backscatter, plankton  (VPR, Bongos), CTDs, MOCNESS, Isaac Kidd) 
-Modeling habitat density estimates 
-Integrating other types of data 
-Working on addnl methods of bias correction for modeling  
-Seals: harbor, gray, photo haulout sites, radio tags, habitat use, bio info 
-Loggerheads: tags and aerial surveys, SST and subsurface temp info (collected by tags) 
-Interagency agreement up in 2014, collaborators interested in continuing work 
-Future: include more agencies and non-summer surveying 
 
Time Cole’s Presentation 
-aerial surveys 
-seasonality of R. whale sightings 
-reengineered surveys to a saw tooth design, randomization of trackline, wind and sea state 
determine where surveying will be done on a given day 



-each flight is 5 hours (plane has two fuel tanks) 
-efficiency of survey has increased, more R. whales seen per flight though less flight hours 
-surveying has helped to determine to dynamic area management zones 
-effort over the last 4 fiscal years was 25,000 square nmi 
-moving towards blending aerial surveys with passive acoustic detections from ocean gliders 
-stationary glider detected 3 right whales 
-Paper by Baumgartner et al 2013 compare platforms 
 
Amy Whitt’s Presentation: 
-Study to provide NJDEP with baseline data in advance of wind development nearshore, outer 
boundary 30 m isobath 
-Fine scale study area from Cape May to Barnegat Bay 
-Methods: shipboard surveys 

• aerial surveys: abundance and density estimates 
-aerial survey effort: double saw-tooth, random start 
-shipboard survey 
passive acoustic monitoring  
-conventional distance sampling 
-density surface modeling 
Acoustic 
Results: 

• seasonality of detection 
• 615 sightings, 8 species including right whale, fin whale and humpback 
• 4 sightings of right whales 
• 37 sightings of fin whales and year round acoustic detection 
• 17 total sightings of humpback whales 
• 4 sightings of minke whale in fall and spring 
• cow and calf R. whale pair observed during shipboard survey one May 

-lessons learned: 
• most of data was from shipboard surveys; it allowed more time to see if they were 

present 
• no aggregations of marine mammals were observed except bottle nosed dolphins. 

Aerial surveys seem to work better in areas where they are aggregations. Have 
concerns about utility in areas where there are no aggregations (NY is likely 
similar to NJ, though there was some comment from the audience that this might 
not be the case for some whale species).  

• more shipboard survey time in winter and only aerial in the summer 
• weather constraints, Jan-Apr worst, would be a good idea to schedule more ship 

time them since less flight time will be possible 
• more acoustic analysis time 
• shallow water passive acoustic recorders-lots got trawled up fishermen 

-GMI report available online 
-Outreach: developed two public reporting apps for NOAA, just for SE right now but will be for 
other areas too if successful 
 
Scott Kraus’ Presentation: 



-Three year project in MA 
• Year 1: 2011-2012  MA wind area 
• Year 2: added in RI area 
• Year 3: will do both areas again 

-set up track lines a mile apart 
-465ft obscured when you are flying 1,000ft 
-2 observers and 2 pilots 
-camera is not good at picking up big things, like whales because of field of view, better at small 
stuff  
-camera allows for species identification of sea turtles, in belly camera shoots continuously along 
the trackline 
-acoustic and aerial sightings 
-blue whales and fin whales could have been 50 miles away and acoustics picked it up  
-numbers are in too small amounts so you cannot assess density 
-huge interannual variability! Need to do at least 3 years of homework before you pick out areas 
to focus on 
-cautious about timeframe looking at past survey effort, ex) Seatap surveys missed some 
aggregations 
-combine multiple survey and assessment methods 

• each method gives you a different picture 
-post-hoc integrative analysis could be possible 
-shipboard surveys do allow for oceanography, could help with predictions 
-paper in Endangered Spec Res next month 
 
Discussion: 
Notes divided by people speaking as best as possible; ------- denotes a comment where person 
speaking was unknown 
 
-Matt Schlesinger 
Is there agreement that  

• Need multiple methods 
• All are clear on pros and cons of each method (don’t really need to outline) 
 

 
*What does NY state need/want and what methods can be used to achieve these goals?* 

-mitigate ship strikes, wind energy, and entanglement  
 

-Lisa Bonacci: major threats to focus on  
 Ship strikes 
 Disturbances from offshore wind power (construction, noise pollution, 

interference with migration, etc.) 
 
Comments from participants-  
-Need 3 years of baseline data (esp Scout Kraus) 

• Annual timing 
• Distribution 



• Length of occupancy in NY bight 
 

-Leveraging existing data 
-Many suggestions for snapshot (broader) view first then fine scale. Possibly fine scale would 
only start after the initial 3 years. 

 
-Methodological Questions: 
        -question about false detection with new technology? 
Gliders:  

• onboard processing; use quadratic discriminant function analysis 
• gliders are real time with about ~1 hr delay 
• only transmits sample when surfaces (rest needs to be retrieved after) 

 
Aaron Rice: 
RE: Algorithms- mathematical, have been improved, reduction in error, constantly improving 
 
Debi Palka:  
example of problem with acoustics: humpback songs are currently the least detectable, need 
improvements to ID these songs 
 
Kim McKown: 
Are unmanned planes (drones) an option- new type of methodology used for manatee surveys 
------- 

• Eventual methods could be simple but we have poor baseline data, so need to start with 
basic surveying 

• Also, costs are high i.e. small area for Amy’s NJ project but it was likely expensive 
• Nothing will likely be cheap, but the equipment will be necessary and will depend on 

what methods are chosen 
• Could be an option in the future 

 
 

Karen Chytalo:   
• Neaq came up with whale maps for seasonality in NY 
• Found that it was mostly fin whales in the area 
• There is SOME idea what is here but NEED the migratory patterns, residence times, 

habitat, etc. 
 
------ 

• pick characteristics that are very distinct to the species to get accurate results 
• we need more descriptive information on how long are they staying, timing, are the cued 

by something, should we have modifications for shipping lanes? 
 
Scott Kraus:  
what methods are needed depends on what information is wanted 

• i.e. abundance/distribution more in depth surveying needed 
• simple abundance pop-up tags will do 



 
side note RE acoustics: 

• Must take into consideration soundless animals-- are they making no noise or are they not 
there? 
 

Howard Rosenbaum:  
not starting completely from scratch 

• Leverage existing information (we are in different places for different species) 
• What are our targets? 
• Should we look at different areas for different species 

 
Note: There were some comments from Scott Kraus and others that we were not as far along as 
that because data was not collected systematically and in a consistent manner so data sets are 
only somewhat comparable. Baselines are still not really known.  
 
Mina Innes:  
We are in very preliminary stages but overarching goals include: 

• broadscale survey with coverage of the whole area  
• also site specific data/information (i.e. windfarm area) 
• localization of certain areas to pinpoint concentrations  

o Need to pinpoint areas of activity  
• Also need seasonality component 

 
Note on NY Bight Area:  
Hard to get people to think of this area as not just a migratory corridor, so need year-round 
surveys to help show what this area is really used for by whales 
 

• need data for all seasons 
• using passive acoustics year round 
• 6 methods: vessel surveys, aerial survey, acoustics, telemetry, opportunistic data, 

strandings data 
 
Lisa Bonacci: 

• Dept. of State’s goals are similar to what DEC is thinking currently with the specific 
areas being shipping lanes and the wind farm. 

 
Howard R:  

• work originally funded by  DEC (Neaq maps?, Cornell work?) is a snapshot now we can 
pair this with other data 

• Can be used as one approach for helping with the Department of State’s wish list. 
 
Aaron Rice:  

• Acoustic receivers off of Cape Cod were mandated by NOAA and funded by industry 
 
Artie Kopelman?: 



• 5 year data set available for area off Montauk 
 
Tim Cole:  

• minimum would be presence/absence (acoustics best bang for buck), density, 
seasonality/interannual variability (would require counts-aerial surveys or ships, 
continuous monitoring) 

• -need to look at how sustainable a method is to do over the long term 
 
David Laist from MMC:  

• Objectives for minimum: what, where, when 
• Medium: more detailed, finer scale 
• High-end: everything else 
• Build pyramid for each level 

o Primary: aerial, shipboard, and acoustics (PAM and Gliders) 
o Secondary: opportunistic, strandings, telemetry 

 
 
--------- 

• What is wanted from each survey type? 
• Seaturtle.org-good example of satellite telemetry 

 
Amy Whitt:  

• Are fin whales resident or just passing through? No (overall answer from group) 
• Doesn’t make sense to do tagging on fin whales 
• Would not tag if they are just passing through because would not get site specific data 

 
NEAq representative and Amy Whitt: 
6 spots are required to ID an individual whale (not seeing this with fin whales typically) 
 
------ 
 Does this effort help at a management level? What about “silent” whales? 
 
Scott Kraus:  

• Floaters will present a problem because once you start surveying you will find many 
more, mitigating ship strikes will likely quickly become the first priority, esp because of 
public perception 

• Wind farms will likely be the second priority 
• European windfarms aren’t giving us a good idea of what happens with whales 
• If we put up wind farms on either side of shipping lanes whales may avoid the wind 

farms; they may move to into shipping lanes and be more prone to shipping strikes. This 
will present major management issues, law suits, PR problems 

 
Karen Chytalo:  
-shipping is already increasing in this area with widening of Panama canal 
 



Howard R.:  
• who’s here and why? Don’t know about residency (i.e. fin whales) 

o 1st step identify what’s here 
o Next step: why are they here 
o Third step: manage it based on this findings 

 
**Overall first step needed is basic survey work for 3 years (need the 3 years because things vary 
widely year to year)*** 
 
------- 

• How important is this area to these species? 
• How many vessel surveys and aerial surveys 

 
Scott Kraus:  
MA aerial and acoustic surveys: annually cost ~ $800,000 (covers 2 flights per month) 
 
Amy Whitt:  
NJ’s study cost $7 million for 2 years  

• covered a smaller area than NY Bight 
• This also included surveys for birds and other megafauna 

 
Debi Palka:  
Suggestion—bird should be included when considering windfarm areas 
 
Matt Schlesinger:  
Agreed, but this project needs to solely focus on whales 
 
------- 
 
Costs of other monitoring programs:  

• In MA- aerial survey and acoustics pop-ups-cheap level $800,000 (a year? For three 
years?), this is for 2 flights a month, also need to consider that the area of the NY Bight is 
much bigger  

• NJ baseline study-including other animals (birds etc), 7 million for two years, again a 
much smaller area than here 

---- 
• Have some baseline, may not be the same for all species 
• Could start tagging w a small number of animals 
• For long term monitoring need baseline data somewhat continuously 
• Management kicks in a medium scale, need some density info for possible density trigger 
• Some believe there are more animals here than in NJ, should be more sightings, could get 

density info 
• In min get the most you can from previous info, data sets prior to 10 years ago could be 

problematic 
• Tim Cole- monitoring responsibility w respect to right whales is that if you see a R. 

whale something stops or is adjusted 



• Many right whales may not be making noise and may be hard to see in aerial surveys too 
• How well do tagged animals reflect the broader population?  
• The minimum may not be the same for all species 
• Scott Kraus disagrees that we have the minimum for any of the large whale species 
• Need consistency over many years 

 
 
Looking at a map, must decide where to put acoustic arrays 
 
Way to organize ideas: use matrix 
 
Note on Gliders in matrix: gliders are another form of PAM technology (just use different space 
and temporal aspects).  Only consider them differently if cost is significantly different 
 
 
MATRIX: ($1 million dollar/year level)  
 

 Who Where When How Many Why (habitat 
use and behavior) 

Aerial  
Right: 

 ** 
// 

 requires 
a lot of data 

*** 
 

Ship  *    
PAM/Glider   

Array: 
  

Array:  
Baleen:  

Sperm:  
D tagging -   -  

Satellite tagging -   -  
 

 
* 
Species differences, at low end minke, r whale, humpback, also depends on extent of monitoring 
(more checks as move from min, med, max level of funding) 
** 
More checks as move from min, med, max level 
*** 
Feeding, moms and calves 
 
  
  
 
 



Whale Monitoring 
in the New York Bight 

Expert workshop 
January 16, 2014 



Agenda 
• Introductions and welcomes (9:00) 
• Presentations (9:30 – 12:45) 

– Rob DiGiovanni, Riverhead 
– Sofie van Parijs, NOAA 
– Aaron Rice, Cornell 
– Susan Parks, Syracuse U. 
– Howard Rosenbaum, WCS 
– Tim Cole, NOAA 
– Debi Palka, NOAA 
– Amy Whitt, Geo-Marine 
– Scott Kraus, New England Aquarium 

• Lunch (12:45 – 1:15) 
• Discussion (1:15 – 4:15) 
• Next steps and closing remarks (4:15) 
• Adjourn (4:30) 



Workshop goals 
• To discuss: 

– Data obtained by various survey methods 
– Logistical advantages and disadvantages of methods 
– Appropriate combinations of methods for meeting 

NYS DEC’s information needs 
– Add-on possibilities beyond basic information needs 
– Taking advantage of existing data and coordinating 

with regional and neighboring monitoring 
• Not to discuss: 

– Mechanism and timeline for eventual funding 
opportunity 
 
 



NYS DEC’s information needs 
• Baseline migratory trends for each whale 

SGCN including the annual timing (arrival and 
departure), distribution, and length of 
occupancy while inhabiting the waters of the 
New York Bight and harbor 

• Critical habitat areas within established 
shipping lanes and potential offshore energy 
areas that are used by each whale SGCN 





Sadove and Cardinale 1993 



Sadove and Cardinale 1993 







Discussion: What are the most appropriate 
combinations of techniques for long-term 

monitoring of whale occupancy and residence 
time in the New York Bight? 

• Technical feasibility and limitations of 
methods 

• Coordination with regional and neighboring 
monitoring 

• Cost—think about three tiers of expense (e.g., 
minimum, moderate, and ideal) 

• Auxiliary data on abundance, other species of 
interest 



NYS Department of Environmental  Conservation 



NYS Department of Environmental  Conservation 

DEC Management & Conservation of 
Whales  

 
• Limited activity in past 
• Priority for many DEC 

programs & plans 
• MES program 
• Oceans & Great Lakes 
• State Wildlife Action Plan 

(SWAP) 



NYS Department of Environmental  Conservation 

SWAP Large Whale Species of 
Greatest Conservation Need  

 
• Blue 
• Fin 
• Humpback 
• North Atlantic Right 
• Sei 
• Sperm 



NYS Department of Environmental  Conservation 

Large Whale Near Term Concerns 
• Ship Strikes 
• Impacts of alternative energy (wind farms) 

 
 

 

www.siemens.com Photo by MD DNR 



NYS Department of Environmental  Conservation 

Goal of Long Term Monitoring 

• Build on results from 
work by Cornell & 
others 

• Decided on experts 
workshop 

• Contracted Heritage 
Program to lead  
 

Cornell University 

 



The Riverhead Foundation for 
Marine Research and 

Preservation 

NY2908-03 

Robert DiGiovanni Jr. 
Executive Director/Senior 
Biologist 

Marine Mammal and Sea Turtles in the 
New York Bight and Mid Atlantic 



Why Monitor Whales in New York? 

 Determine number of animal in the 
New York Bight 

 Understand frequency and distribution 
 Determine duration of stay and habitat 

use 
 Understand how current threats relate 

to animals in the New York Bight 
 Identify potential impacts on the 

population  

 

 



Why important? 
June 18, 2001 

Photo taken from Cessna 172 



Response & 
Recovery 

4 





Aerial survey platforms 

Twin Otter 

Cessna 172 

Cessna Skymaster 337 





 Summary of Marine Mammals Observed 
November 2004 through April 2005 

  
249 individual sightings events 

2,129 individual animals 
marine mammals 

12 different species 
Fin whale 
Sei whale 
Humpback whale 
Right whale 
Minke whale 
Sperm whale 
Risso’s dolphin 
Common dolphin  
Bottlenose dolphin 
Pilot whale 
White sided dolphin 
Harbor porpoise 
Harbor seal 



Right whales sighted  
Snowball 
March 13, 
2005 
 location 
Re-sighted 
March 26, 
2005, Cape 
Cod Bay 

 



Right whales sighted  
Manta 
February 8, 
2006  

Off East 
Hampton,NY 
Re-sighted 
March 28, 
2006 , Cape 
Cod Bay 

 



Summary of survey effort 





  



Virginia Mid Atlantic Aerial Survey 
Program Objectives 

 

 
 Survey the coastal water south of 

Delaware Bay to the North Carolina 
border 

 Survey the Chesapeake Bay for marine 
mammals and sea turtles  

 Determine seasonal abundance of 
marine mammals and sea turtles 

 



Virginia Cetacean and Sea Turtle  
Survey Area  
2012 through 2014 



 Summary of Ships observed 

  





 Summary of VA survey lines 
and sightings 



Aerial Survey Program Objectives 

 

 Survey the WEA waters off Maryland 
 Determine seasonal occurrence of 

marine mammals and sea turtles  

 



Maryland Cetacean Survey Area  
2013 through 2015 

Funding provided by Maryland Department of Natural Resources 
and the Maryland Energy Administration 



Funding provided by Maryland 
Department of Natural 
Resources and the Maryland 
Energy Administration 



Entanglements 
 NY4916-2013 M. 

novaeangliae 
• Originally reported on 

9/28/2013 to both RF and 
PCCS.  PCCS report had 
images of entanglement.  
Observed off shore Fire 
Island.  USCG NYDEC and 
SCPD unable to get on 
scene to further 
document.   

• RFMRP survey team 
conducting survey on 
9/29/13 and will attempt 
relocation.   

• No sightings reported  
Photo credit:  Max Haspel 





Forensic examination  



Entanglements 
 



Gear collected wounds 
documented 



NY4270-2010 
M. novaengliae  

6/11/2010 Jones Beach State Park 

Vessel Strike – Blunt force trauma  



Proposed survey structure 
 A three year project which integrates many approaches 
 First year Broad Scale surveys 

– Aerial  
– Acoustic 

 Second year Broad Scale fine scale surveys 
– Aerial  
– Acoustic 
– Boat based 
– Prey density mapping 

 Third year replicate of year two surveys 
– Aerial  
– Acoustic 
– Boat based  
– Active tagging 
– Prey density mapping 



Project objectives 
 First Year 

– Determine distribution and occurrence of 
whales in the New York Bight 

 Second Year 
– Monitor  distribution and occurrence of 

whales in the New York Bight 
– Collect data on seasonality of occurrences 
– Collect baseline data on individual animals 

and work at residence time  



Project objectives 
 Third year 

– Monitor  distribution and occurrence of 
whales in the New York Bight 

– Collect data on seasonality of occurrences 
– Collect baseline data on individual animals 

and work at residence time  
– Monitor animal movements and identify 

areas of higher occurrence 
– Integrate stranding data and survey data  
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Questions? 
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Fin whales Sighted 



Humpback whales Sighted 



Harbor Porpoise Sightings  



Using Passive Acoustics to Improve 
Management and Conservation of 

Marine Mammals in the W. 
Atlantic 

 
Drs Sofie Van Parijs1, Danielle Cholewiak, Denise Risch  & Mark Baumgartner2 

1Northeast Fisheries Science Center 
2Woods Hole Oceanographic Institution   

Woods Hole, USA 



OUR FOCUS AT NEFSC PASSIVE 
ACOUSTICS 

1. Monitoring and mitigation of threats to 

baleen whales (ESA listed species) 

2. Stock abundance & health of all marine 

mammals 

3. Fisheries conservation 
 



THREATS 

            Whaling 

Ship Strike 

Noise Pollution Habitat Loss 
 

Entanglement 



 ANTHROPOGENIC ACTIVITIES 

NAVY 

Global Nevadacorp 

WIND 
OIL 

EXPLORATION 

GAS 

VESSELS 

FISHING, TOURISM, 
TRANSPORTATION, 

SHIPPING 



 THE URBAN WHALE 

Existing and proposed wind & wave 
energy development, oil and gas, as 

well as navy operation areas.  

Atlantic shipping routes 

Cetsound.noaa.gov 

Marine cadastre http://csc.noaa.gov/mmcviewer/ 



 
2.  BEHAVIOUR – What behavior are they engaged in? 

Feeding/Mating/Travelling/Socialising 
 
3.  GROUP COMPOSITION – Mother/calf pairs, juveniles, males?          
 
4.  ABUNDANCE – How many are there? Even if only 1 NARW is in 

the area, that is important! 
       
  
 

 WHAT WE NEED TO KNOW? 

 
 

1.  SPACE and TIME - When and for how long does a species use a 
given area? 

 
  

Cape Cod 

LARGE SCALE 

Potential wind 
turbine lease block  

Cape Cod, MA 
USA 

SMALL SCALE 

Great 
South 

Channel 

Cape 
Cod 

MEDIUM SCALE 

For monitoring, management and/or mitigation 



All our data collection is 
limited in space & time. 

 
SPACE: coastal flights 
 
TIME: more in summer,        

all are snapshots,          
with some missed months.  

 WHY SHOULD BE USE MULTIPLE DATA 
STREAMS? 

Time 

Space 



 FILL IN THE GAPS WITH A SINGLE DATA 
STREAM 

No Presence or 
Distribution data 



 TRUE DISTRIBUTION WITH A SINGLE 
DATA STREAM 

No Presence or 
Distribution data 



 VALUE OF USING MULTIPLE DATA 
STREAMS 

Aerial/boat 
surveys 

Passive acoustics 

Tags, 
oceanography etc.. 

Aerial surveys 

Passive acoustics 



 WHY ADD PASSIVE ACOUSTICS TO OUR 
APPROACH? 

•  Versatile - stationary, mobile, 
archived or  real time 
 

•Not restricted by weather &  daylight 
 

•  Monitors 24/7 
 
• Can go anywhere 
 
 

Graphic by Michael A. Thompson, NOAA/SBNMS 
 



 LISTEN AND YOU WILL HEAR WHALES 

JANUARY:  
Visual sightings versus acoustic 

presence of right whales 

15 + years of visual sightings per unit effort PAM recordings of NARW upcalls over 3 years 

Morano et al. Con Biol. 2012 



 Towed Hydrophone Arrays 

 Bottom-mounted Recorders 

 PASSIVE ACOUSTIC PLATFORMS BEING 
USED BY NEFSC  

 Autonomous underwater vehicles  
       ‘gliders’ 



 PAM FOR SPATIAL SCALES  

LARGE SCALE 

From: Aaron Rice, Cornell 

SMALL 

MEDIUM SCALE 

SMALL SCALE 



Towed Arrays: AMAPPS 

 EX 1. LARGE SPATIAL 
– SHORT TEMPORAL SCALE  



Towed Hydrophone Array:  
Overview 

Common Name NEFSC 2011 NEFSC 2013 SEFSC 2011 SEFSC 2013 

Bottlenose Dolphin 20 12 45 56 

Common Dolphin 26 11 1 

Atlantic Spotted Dolphin 20 8 15 21 

Pantropical spotted dolphin 2 3 

Striped Dolphin 23 17 5 2 

Stenella spp. 2 6 

Risso’s dolphin 9 20 20 16 

Clymene’s dolphin 1 1 1 2 

Rough-toothed Dolphin 3 3 

Pilot Whale  12 7 22 21 

Sperm Whale 87 65 75 193 

Sowerby’s beaked whale 2 2 

Kogia spp 1 

Mixed Species Groups 15 7 4 8 

UNID Myseticete (Humpback per acoustic) 1 

Groups without species assignment 138 111 228 418 

TOTAL 356 263 423 769 



Species Highlights: Sperm Whales 
AMAPPS 2011: Methodology, Stage 1 

• Detect all sperm whale clicks  
•Track individual sperm whales as they pass the beam of the ship 
• Localize to calculate perpendicular distance 
• Done in Matlab or Pamguard 



Species Highlights: Sperm Whales 
AMAPPS 2011: Methodology, Stage 2 

• Using program DISTANCE* 
 

• Import perpendicular distances for all 
animals   
 

• Estimate relevant variables (g(0), etc) 
 

• Calculate detection function 
 

• Calculate abundance estimates 
 

* Thomas, L., S.T. Buckland, E.A. Rexstad, J. L. Laake, S. Strindberg, S. L. Hedley, J. R.B. Bishop, T. A. Marques, and K. P. Burnham. 2010.  Distance 
software: design and analysis of distance sampling surveys for estimating population size.  Journal of Applied Ecology 47: 5-14.  



Species Highlights: Sperm Whales 
AMAPPS 2011: Preliminary Acoustic Abundance Estimates 

NEFSC SEFSC 
# Detected 415 286 
# Localized 288 222 

Acoustic Abundance 3439 (CV 0.34)  1168 (CV 0.33) 
Slope Strata 991 (CV 0.21) 
Deep Water Strata 2447 (CV 0.47) 

Visual Abundance 1,593 (CV 0.36) 695 (CV 0.38) 



Risso’s dolphins 

Leg 1 Leg 2 Leg 3 Total 
2011 

Visual Sighting 9 10 19 
Missed Visual Sighting (or UD) 1 1 2 
Acoustics w/o Visual Effort 2 8 10 
2013 

Visual Sighting 2 6 11 19 
Missed Visual Sighting (or UD) - 4 8 12 
Acoustics w/o Visual Effort 2 3 15 20 

Comparison of Risso’s Visual & Acoustic Detections 

Acoustically identifying Risso’s increases 
detections 50-150%! 



March-June 2012  :  6 Buoys May- August 2013  :  4 Buoys 

 EX 2. MEDIUM SPATIAL &  
LONG TEMPORAL SCALES  

Bottom-Mounted Recorders: Georges 
bank/mid Atlantic 



2012 NARW Acoustic Detections 

Buoys 5, 9, & 10 
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2012 NARW Acoustic + Visual Sightings 

1-2 
3-4 
5-10 

11-15 

16-36 

Acoustic     Visual 
  (Days)   (Sightings)      

36-69 



2013 NARW Acoustic Detections 
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2013 NARW Acoustic + Visual Sightings 

1-2 
3-4 
5-10 

11-15 

16-36 

Acoustic      Visual 
 (Days)     (Sightings)      



 EX. 3 SMALL SPATIAL – LONG TEMPORAL 
SCALE 

OVER SEASONS AND 5 YEARS  



  PAM FOR MIGRATION CORRIDORS 

•  NOT well known for baleen whales  
•  Migrating whales spend a lot of time under the water 
•  Serious management issue (ship strike/energy/navy) & climate change 
 

Minke whale migration routes from PAM 



Region 1 

Region 2 

Region 3 

Region 4 

Region 5 

Region 6 

Davis Straight, 
Iceland, Greenland 

Ridge 

Region 1:  %Monthly Data Presence per year of available data 

Year J F M A M J Jul A S O N D 

2004 

2005   

2010 

2011                       

Region 3:  %Monthly Data Presence per year of available data 
Year J F M A M J Jul A S O N D 
2008 
2009   
2013                 

Region 2:  %Monthly Data Presence per year of available data 
  J F M A M J Jul A S O N D 

2004 
2005   
2006 
2007 
2008 
2009 
2010   
2011   
2012   
2013           

Region 4:  %Monthly Data Presence per year of available data 
Year J F M A M J Jul A S O N D 
2013                         

Region 5:  %Monthly Data Presence per year of available data 

Year J F M A M J Jul A S O N D 

2007 

2008   

2009 

2010 

2011 

2012                   Key: 

% of Month Color Code 

25   

50   

75   
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Spatial scale – small to large 
Temporal scale – days to months 

REAL TIME MONITORING & MITIGATION 



 
 

 
 
 

 

Low Frequency Detection and 
Classification System* 

Create and condition spectrogram, then pitch track, extract attributes, classify 

Fin whale 
20-Hz pulses 

Sei whale 
downsweeps 

REAL TIME MONITORING & MITIGATION 

* Baumgartner, M.F. and S.E. Mussoline. 2011. A generalized baleen whale call detection and classification system. Journal of the 
Acoustical Society of America 129:2889-2902. 
 

http://www.whoi.edu/cms/files/JASMAN12952889_85804.pdf


 
 

 
 
 

 

ATTRIBUTE EXTRACTION 

average 
frequency 

frequency 
range 

slope 
of 1st third 

slope 
of 2nd third 

slope 
of 3rd third 



 
 

 
 
 

 

REAL TIME MONITORING & MITIGATION 
Multispecies Detections 

Location of detections 

Baumgartner, M.F., D.M. Fratantoni, T.P. 
Hurst, M.W. Brown, T.V.N. Cole, S.M. Van 
Parijs, and M. Johnson. 2013. Real-time 

reporting of baleen whale passive 
acoustic detections from ocean gliders. 

Journal of the Acoustical Society of 
America 134:1814-1823. 

Web display: 
http://dcs.whoi.edu 



 
 

 
 
 

 

REAL TIME MONITORING & MITIGATION 

Field study 
– predicted 
occurrence 
from tallies 

N ≥ 8 
Fin whale 

N ≥ 4  
Humpback whale 

N ≥ 2 
Right whale 

we08 



 
 

 
 
 

 

Applications for fish 

• Seasonal and temporal distribution of spawning cod. 
 
•Long term presence on spawning grounds using 
archived data 

 
•Establishing closures throughout spawning 
 

•Run glider transects to find new spawning areas. 
  



THANK YOU 

 
 

My amazing group      My incredible colleagues 

Steven Brady, Danielle Cholewiak, 
Genevieve Davis, Samara Haver, 

Denise Risch, Robert Valtierra 
Mark Baumgartner, Chris Clark, Aaron Rice, Peter 
Corkeron, Leila Hatch, Susan Parks, Heather Haas 

and more….. 



Whales Acoustic Surveys Along the U.S. Atlantic Coast: 
Understanding multi-species population dynamics over broad  

spatial and temporal scales  

Aaron N. Rice, Ph.D. 
Bioacoustics Research Program 

Cornell Lab of Ornithology 
Cornell University 

Ithaca, NY 14850, USA 



 
• What’s there? 

 
• How many are there? 

 
• How are they distributed in time & space? 

 
• Why are they there? 

 
• What is the mechanism that leads to risk? 

What We Need to Know About 
Biological Risk 

 



• Sound is an essential component to many (if not all) species of 
marine vertebrates  

 - Used for communication, foraging, navigation, predator 
avoidance 

 - Biological sounds travel across scales up to 1000s of km 

• Anthropogenic activities have raised ambient noise levels 
1000x in only 40 years 

 - What is the impact of current activities on the acoustic    
     ecosystem? 
 - How does this effect organisms’ habitat? 
 - What are the consequences of expanded development? 

Importance of Understanding Bioacoustics 



Archival Acoustic Data 
Right 

Fin 

Humpback 

Identified  
Whale Sounds 

(+ metadata) 

Detectors/ 
classifiers 

Automated Sound Analysis 
and Signal Processing 

Acoustic Monitoring to Understand Ecology and Biodiversity 

Time-stamp and sensor location of sounds of interest becomes 
the foundation for understanding spatial and temporal 
occurrence patterns 

Baseline Ecological Records 

Temporal 

Month 

C
al

lin
g 

ra
te

s 

Right Whale Fin Whale 

Spatial 



Marine Autonomous Recording Unit (MARU) 

• Archival recorder 
• Records for up to ~ 4 months 
• Sampling rates up to 64 kHz, typically 2 kHz 
 
• Can be used for presence/absence or deployed in arrays for 
localization 



Acoustic Monitoring Along the Atlantic Coast 

I. Monitoring for whales in New York 
 

II. Monitoring for whales in the Massachusetts Wind Area 
 

III. Whale monitoring in wind sites along the U.S. Atlantic 
Coast  



Acoustic Monitoring Along the Atlantic Coast 

I. Monitoring for whales in New York 
 

II. Monitoring for whales in the Massachusetts Wind Area 
 

III. Whale monitoring in wind sites along the U.S. Atlantic 
Coast  



I. Whale Acoustic Surveys in the New York Bight 

Project Goal:  
Determine occurrence of Species of Greatest Conservation 
Need (SGCN): 
 - North Atlantic right whales 
 - Blue whales  
 - Fin whales 
 
Timeline (3 deployments): 
 
- 29 February – 16 May 2008 (“Spring 2008”) 

 
- 29 August 2008 – 5 March 2009 (“Autumn 2008”, “Winter 2008-9”) 
  



Spring 2008 Autumn 2008/Winter 2009 



Whale SGCN in NY Bight 



Cumulative Whale SGCN Occurrence in NY Bight 



Right Whales Blue Whale 

Geographical Distribution of Whale SGCN in NY Bight 



Fin Whales 



Acoustic Monitoring Along the Atlantic Coast 

I. Monitoring for whales in New York 
 

II. Monitoring for whales in the Massachusetts Wind Area 
 

III. Whale monitoring in wind sites along the U.S. Atlantic 
Coast  



II. Whale Acoustic Surveys in the Massachusetts Wind Area 

Project Goals:  
1) Determine occurrence of:  
 - North Atlantic right whales 
 - Blue whales  
 - Fin whales 
 - Humpback whales 
 - Minke whales 
 
2) Compare acoustic survey data to visual survey data (NEAq) 

Timeline (2 deployments): November 2011 – October 2012 
 



Massachusetts Wind Energy Survey Locations 



Species of Interest 

North Atlantic right whale 

Fin whale 

Humpback whale 

Blue whale 

Minke whale 



Simultaneous Presence of Multiple Species in MA Wind Area  
(16 March 2012) 
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• Five focal baleen whale species acoustically detectable 
• This area may serve as an ecologically important area for whales 

Massachusetts 
Wind Area 

REDO GRAPH 
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Acoustic Monitoring Along the Atlantic Coast 

I. Monitoring for whales in New York 
 

II. Monitoring for whales in the Massachusetts Wind Area 
 

III. Whale monitoring in wind sites along the U.S. Atlantic 
Coast  



250 km 

Atlantic Wind Energy Areas 



Massachusetts 

Virginia 

North Carolina 

Georgia 250 km 

Acoustic Survey Locations 
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Atlantic Coast Right Whale Occurrence 
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GA 
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Long-term surveys in focal areas can:  
 • Reduce data gaps 
 • Further reduce risk to developers  
 • Help minimize environmental impacts 

Conclusions from All Three Projects 

New understandings of seasonal occurrence of different species 
 • Changes previous understanding of right whale 
migration 
 • New insights on whale occurrence  
 • Both scientific and regulatory implications 
 • Influence timing of different construction activities 
 • Whales occurring in unexpected places at unexpected 
   times Cornell work ongoing: 
 • 1 year of Rhode Island data being processed 
 • 2nd year of Massachusetts being processed 
 • More VA, NC, GA data being analyzed 
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Bobbi Estabrook 
Sam Fladung 
Linda Harris 
Dean Hawthorne, Ph.D. 
Kristin Hodge 
Amanda Kempf 
Tish Klein 
Rob Koch 
Tim Krein 
Ray Mack  
Pete Marchetto 
Jason Michalec 
Janelle Morano – NC. GA 
Ed Moore 
Charles Muirhead 

Chris Pelkie 
Mike Pitzrick 
Dimitri Ponirakis 
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Georgia Fish Acoustic Occurrence 

Black drum 
(Pogonias cromis) 

Oyster toadfish 
(Opsanus tau) 



Georgia Fish Acoustic Occurrence 

Black drum 
(Pogonias cromis) 

Oyster toadfish 
(Opsanus tau) 
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250 km 

Right Whale Migration 

Migration schematic from WHOI Calving Grounds - Fall/Winter 

Great South Channel -  
Spring/Summer 

Scotian Shelf -  
Summer/Fall 

Mass Bay/Cape Cod Bay -  
Winter/Spring 

Bay of Fundy -  
Summer/Fall 



BEHAVIORAL INSIGHTS FROM 
TAGGING TECHNOLOGY 
Susan E. Parks, PhD 
Assistant Professor, Department of Biology, Syracuse University 



SHIP STRIKE ZONE 

What does the behavior of a species tell us 
about detectability? 

Diving	  behavior	   Sound	  produc2on	  

ENTANGLEMENT ZONE 

Call	  Types	  

1	  

2	  

3	  

Call	  Rates	  

Visual detection periods 



Why do we need tags? 

90% of the time this is what you will see at the surface 

In good weather conditions and daylight hours 



What data can tags provide? 

  Individual behavior 
 Dive profile information  

 

  Position data  

 Detailed 3-D subsurface movement 

 Acoustic recordings of sound production  

 Combined position/subsurface/acoustic tags 

Lowest cost/least 
detail/longest duration 

Highest cost/most 
detail/shortest duration 



Satellite and Fast-loc GPS tags 

Mate et al. 2007. Deep-Sea Research II 54 224-247 



Satellite and GPS tags 

Mate et al. 2007. Deep-Sea Research II 54 224-247 



3D subsurface behavior tags 

Friedlaender et al. 2009. Mar Ecol Prog Ser 395: 91-100 



Acoustic tags 

Dtag	  	  	  

Audio	  recordings,	  Accelera2on,	  Orienta2on,	  	  and	  Pressure	  to	  track	  subsurface	  
whale	  behavior.	  

Acousonde 



Right whale case study 

  Endangered species 
(~500 individuals) 

  Habitat in high human 
use areas 

  Well studied population 
with known life-history for 
all individuals since 1980 

  Mortality from vessel 
collisions and 
entanglement in fishing 
gear 

 

S	  Parks	  



Right whale satellite tag data 

•  Tags implanted in 9 
right whales 
1989-1991, 9 in 2000 

•  Average tag duration 
transmission ~ 32 days 

•  Nursing female, #1140, 
crossed New York 
shipping lanes 2 times 
in 1990 

Mate, B.R.; Nieukirk, S.L.; Kraus, S.D. 1997. J. Wildlife Management 61(4), 
1393-1405. 



Right whale dive profiles 

  Dive profiles for 
four common 
behaviors of 
right whales in 
the Bay of Fundy, 
Canada from 45 
tag deployments 
between 
2000-2005. 

Parks, S.E. et al 2011. Endangered Species Research, 15, 63-76. 



Habitat dependent foraging behavior 

2 km 

Feeding	  right	  whales	  spent	  >	  90%	  of	  their	  2me	  just	  below	  the	  surface	  
In	  Cape	  Cod	  Bay,	  April	  2009	  

Parks, S.E., Warren, J.D., Stamieszkin, K., Mayo, C.A., Wiley, 
D. (2012) Biology Letters. 8(1) 57-60. 



Right whale acoustics 

Parks, S.E. et al 2011. Endangered Species Research, 15, 63-76. 



Right whale call rates by behavior 

  Most right 
whales had 
very low call 
rates unless 
socializing 

#
 o

f 
ta

gs
 

Call rate/ hour 

Foraging	

Travel	

Social	

Resting	


Parks, S.E. et al 2011. Endangered Species Research, 15, 63-76. 



Summary of tag findings 

  Habitat use and movement patterns 
  Behavioral activities and dive patterns by habitat 
  Call characteristics and individual call rates 
  Important and significant variation in behaviors by 

season, habitat, and behavior 



Attachment methods 

  Pro 
 Only way to get long 

term attachments 
 Can be deployed 

remotely 
  Con 

 Causes physical damage 
to animal 

 Can potentially impact 
individual health 

  Pro 
 Does not harm the 

animal 

  Con 
  Short-term attachment 

(hours to days) 
  Typically pole deployed 

Invasive attachments (penetrating) 
Non-invasive attachments 
(surface) 



Deployment methods for large whales 

  Pros 
 Control of placement 

location 
 Can be used with 

many types of tags 
  Cons 

 Requires a very close 
approach to a whale 

  Pros 
  Increased range for 

deployment (i.e. likely 
to have higher 
deployment rates) 

  Cons 
 Decreased control of 

placement  

Pole deployment Air launched deployment 



Feasibility and limitations 

  Feasibility 
 Common practice, commercially available tags 
 Provide data that can not be obtained with other 

methods 

  Limitations 
 Cost  High cost of (some) tags, high costs of 

deployment efforts for ship and personnel time 
 Sample size  Typically limited sample size due to cost 

and weather constraints 



Which tags? 

  Habitat use  Satellite tag/
TDR 

  Occupancy and movement  
Satellite tag/TDR 

  Acoustic detectability  
Acoustic tags 

  All of the above  
Combination tags that 
incorporate all of the above 
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Whales in the New York Seascape 

Contrasting & integrating various whale survey approaches:

Considerations for the New York  Bight

Drs. Howard Rosenbaum and Merry Camhiy
Wildlife Conservation Society

Photo: Matt Leslie, WCSPhoto: Matt Leslie, WCS



The Wildlife Conservation Society

Mission
WCS’s Global Conservation Program saves wildlife and Missiong
wild places by understanding critical issues, crafting science-
based solutions, and taking conservation actions that benefit 

nature and humanity. 
WCS’s Global Conservation Program saves wildlife and wild 
places by understanding critical issues, crafting science-based 

l ti d t ki ti ti th t b fit t dsolutions, and taking conservation actions that benefit nature and 
humanity

• Headquarters at Bronx Zoo

• Operate NY Aquarium & 4 NYC ZoosOperate NY Aquarium & 4 NYC Zoos

• Extensive Global Conservation Program in 65 countries
nature and humanity

Photo: WCSPhoto: WCS

nature and humanity. 



Ocean Giants

Whales 
Wh l h kD l hi

Ocean Giants
Whale sharksDolphins

Program
Sea turtlesM t Sea turtles Mantas

Sharks Pinnipeds



WCS Marine Program

BeringiaBeringia

New York

Caribbean
Coral Triangle

Congo 
Bay of 
Bengal

Western 
Indian Ocean

P t i

g
Basin 
Coast

Patagonia 
Coast



Objectives for the New York Seascape

R t h lth l ti f th t d•• Restore healthy populations of threatened 
target species

• Protect key marine wildlife habitats 

• Help build New York Ocean Ethic & localHelp build New York Ocean Ethic & local              
marine constituency 

Photo: Julie Larsen MaherPhoto: Julie Larsen Maher Photo Merry Photo Merry CamhiCamhi, WCS, WCS Photo: Time Collins, WCSPhoto: Time Collins, WCS



Outreach and Outreach and public supportpublic support

Ocean Wonders: Shark!Ocean Wonders: Shark!

1 million visitors per year1 million visitors per year

New York Aquarium New York Aquarium Opening Summer 2016Opening Summer 2016

•• ~1 million visitors per year~1 million visitors per year

•• Science, Technology, Engineering & Math (STEM)Science, Technology, Engineering & Math (STEM)Science, Technology, Engineering & Math (STEM) Science, Technology, Engineering & Math (STEM) 
educationeducation

•• Translate science to publicTranslate science to public

B ildB ild t f l l h l h & tit f l l h l h & ti•• Build Build support for local whale research & conservation support for local whale research & conservation 



Research in the New York Bight
Challenges for whales & whale researchg

• NY-NJ Harbor one of world’s busiest
• 11 ports ith 240 miles of shipping channels• 11 ports with 240 miles of shipping channels
• Largest oil importing & 2nd largest container port

• Offshore energy development

• $14.3 billion from fisheries, tourism, healthy waters

M i t i b 6%/• Marine sector growing by 6%/yr

“Most urbanized marine ecosystem inMost urbanized marine ecosystem in 
the U.S.”

Photo: U.S. NavyPhoto: U.S. Navy



Previous research in the New York Bight

• URI/NARWC
• 1978-2011 (base map)( p)

• Cornell bioacoustics survey

N J D f• New Jersey Department of 
Environmental Protection 
(NJDEP)/Geo-Marine ( )

• Northeast Fisheries Science Center 
(NEFSC) ( )

• Atlantic Marine Assessment 
Program for Protected Species g p
(AMAPPS)

Credit: NYSDOSCredit: NYSDOS



Collaborative Research in the New York Bight
Section 6 Proposalp

• New York Marine Endangered 
Species Working Group Proposal

• Multi-platform study
• Collaboration between NYDEC, 
NJDEP, WCS, RFMRP, TNC, 
NYSG CRESLI SUNY StonyNYSG, CRESLI, SUNY Stony 
Brook, CUNY

• Goals
• Synthesize existing data

Credit: Arthur Credit: Arthur KopelmanKopelman

• Population distribution
• Abundance assessments 
• Cetacean prey density 
• Health assessmentsHealth assessments
• Population connectivity
• Stranding trends
• Habitat characterization
• Education/outreach

Photos: WCS and RFMRPPhotos: WCS and RFMRP



Key questions for research in the NY Bight

•• How are whales utilizing New York Bight waters?
H bi• Habitat use

• Behavioral use of important habitats 
(i.e., foraging, resting) 

• How long are whales present?
• Residency, occupancy, arrival dates

H h l h ?• How many whales are there?
• Densities and Abundance

• How does habitat use vary depending on species and over time?

Photo: Tim Collins, WCSPhoto: Tim Collins, WCS

y p g p
• population connectivity,  range expansion (i.e., humpbacks)

• How important are NY waters for each whale species?).



Whale surveys

• Various methods used
• Aerial 
• Vessel (visual & acoustic)

• Small boat work
• Passive acoustic

Photo: SalvatorePhoto: Salvatore CerchioCerchio WCSWCS Photo: David DonnellyPhoto: David Donnelly

• Method chosen depends on:
• Management Objective 
• Research questions

Photo: Salvatore Photo: Salvatore CerchioCerchio, WCS, WCS Photo: David DonnellyPhoto: David Donnelly

Research questions
• Target Species
• Spatial/Temporal Scales
• Resources available

Photo: Salvatore Photo: Salvatore CerchioCerchio, WCS, WCS Photo: Melinda Photo: Melinda RekdahlRekdahl,,

• Pros and cons to each method

• For purpose of this workshop the following comparisons are illustrative and notFor purpose of this workshop, the following comparisons are illustrative and not 
exhaustive



Aerial survey methods

Pros Issues
Distribution & abundance estimates Occupancy/residency/arrival times*?

Relatively cost effective given area size Observations limited to daylight 
h / d thhours/good weather

Photo: Melinda Photo: Melinda RekdahlRekdahl



Aerial survey methods
Determining distribution and abundanceg

• WCS coastwide census of 
humpback whales in Gabonhumpback whales in Gabon 
(Strindberg et al. 2011.  Line transect estimates of humpback whale 
abundance and distribution on their wintering grounds in the coastal 
waters of Gabon. J. Cetacean Res. Manage. (special issue) 3, 153-
160)

• Given objectives, large survey 
area (1,488 nm) and funding, 

i l i laerial surveys were most optimal

• Abundance estimate obtained and 
i id di ib i d inationwide distribution during 

migration and peak breeding

N d f l• Need for greater temporal 
coverage and repeat surveys



Vessel survey methods (visual and acoustic)

Pros Issues
Distribution & abundance estimates Limitations in determining occupancy/Distribution & abundance estimates Limitations in determining occupancy/ 

arrival dates, etc.*
Vessel time - good spatial coverage Generally limitations in temporal coverage
Addi i l bi l i l d hi Li i d d h / d li h hAdditional biological and oceanographic 
data collection

Limited to good weather/ daylight hours 
(visual); partially addressed with passive 
acoustics

Photo: Salvatore Photo: Salvatore CerchioCerchio, WCS, WCS Photo: Sal Photo: Sal CerchioCerchio Photo: Melinda Photo: Melinda RekdahlRekdahl



Vessel survey methods (visual and acoustic)
Determining distribution, habitat use, SPUEg

••WCS Gabon vessel surveys (visual)WCS Gabon vessel surveys (visual)WCS Gabon vessel surveys (visual) WCS Gabon vessel surveys (visual) 
•• Defined key cetacean habitatsDefined key cetacean habitats
•• e.g. humpback whale M/C e.g. humpback whale M/C 

••WCS WCS Madagascar vessel surveys (visual and acoustic)Madagascar vessel surveys (visual and acoustic)
• Diversity and distribution of cetaceans on remote coastDiversity and distribution of cetaceans on remote coast
• Effective detections of humpback whales visually and dolphins 

acoustically
• Broad scale surveys identified areas for fine-scale surveys and 

small boat work



Passive acoustic survey methods

Pros Issues
Good for seasonal presence, occupancy Limited to vocalizing animals - how p , p y
-Long and continuous data series 

g
representative?

Good temporal coverage Limited spatially (depending on no. units)p g p y ( p g )

Diel coverage and not weather dependent Limitations for abundance estimates
(relative abundance for some species)(relative abundance for some species)

Photo: Salvatore Photo: Salvatore CerchioCerchio, WCS, WCS



Passive acoustic survey methods
Determining distribution, occupancy and residence timeg p y

•WCS acoustic monitoring in Angola (Cerchio et al in press)WCS acoustic monitoring in Angola (Cerchio et al. in press)

• Inshore and offshore distribution

• Strong seasonality in detections reflecting whale presence

• Habitat use in relation to industrial activity
•Significant affect on humpback whale singing correlated•Significant affect on humpback whale singing correlated 
with seismic survey



Satellite telemetry survey methods

Pros Issues
Good for occupancy residency behavior Representation - large enough sample sizeGood for occupancy, residency, behavior 
and habitat use (individual)

Representation - large enough sample size 
needed to infer population level 
movements

Good spatial and temporal coverage Limitations in tag longevity and generallyGood spatial and temporal coverage Limitations in tag longevity and generally
small sample sizes

Photo: Salvatore Photo: Salvatore CerchioCerchio, WCS, WCS Photo: Salvatore Photo: Salvatore CerchioCerchio, WCS, WCS



Satellite telemetry survey methods
Documenting occupancy, habitat use, and more

• Humpback whales in eastern South Atlantic
(R b t l 2014 L R M t f H b k Wh l d Th i O l ith A th i

g p y

(Rosenbaum et al. 2014.  Long-Range Movement of Humpback Whales and Their Overlap with Anthropogenic 
Activity in the South Atlantic Ocean. Conservation Biology, online Feb 5, 2014)

• EEZ scale movements
• Occupancy
• Habitat se• Habitat use
• Migratory movements
• Degree of overlap with anthropogenic activity (E&P, Shipping)

• Interaction with anthropogenic featuresInteraction with anthropogenic features
(RPI = relative potential impact) 



Whale survey method trade offs

• The management objectives and filling specific data gaps will drive survey design 

• A combination of methods is often needed to address a number of different 
questions and/or for a number of different species q p

• To address the knowledge gaps and goals of a NY project, which covers a large 
d lti l i lti l l tf h i lik l t i ld t tarea and multiple species, a multiple platform approach is likely to yield greatest 

success

• Consideration for stock/population assessments, connectivity with other areas, and 
behavior for target species (Photo-ID, genetic analyses, tagging)



Some examples of whale survey trade offs

Project goal: Spatial distribution/ habitat use 
(*assuming good survey coverage)

Species Aerial* Vessel* -
visual

Vessel* -
acoustic & 
visual

Passive 
acoustic

Satellite
telemetry

Photo ID Genetic 
analysis

( g g y g )

Humpback
whale

North 
Atlantic 
Right
whale

Fin whale

Bl h lBlue whale

Sperm 
whale

Sei whaleSei whale

Minke
whale



Some examples of whale survey trade offs

Project goal: Temporal occupancy within a given area

Species Aerial Vessel -
visual

Vessel -
acoustic & 
visual

Passive 
acoustic

Satellite
telemetry

Photo ID Genetic 
analysis

H b kHumpback
whale

North 
Atlantic 
RightRight
whale

Fin whale

Blue whale

Sperm 
whale

Sei whale

Minke
whale



Multi-year & multi-platform approaches
An examplep

Aerial surveys Vessel surveys (w/acoustics)
Photo: David DonnellyPhoto: David DonnellyPhoto: Melinda Photo: Melinda RekdahlRekdahl

e a su veys y ( )
Broad-scale and/or targeted 

areas
Broad-scale surveys

Passive acoustic in
Ph S lPh S l C hiC hi WCSWCS

Photo: Salvatore Photo: Salvatore CerchioCerchio, WCS, WCS

targeted areas – e.g., 
document occupancy 

within key areas
Small boat

Satellite tag/biopsy

Photo: Salvatore Photo: Salvatore CerchioCerchio, WCS, WCS



Summary

• Leveraging existing information

• Target species• Target species

• Prioritization of objectives

• Size and logistics for the study area

• Analysis of data –when is it needed? Photo: Salvatore Photo: Salvatore CerchioCerchio, WCS, WCSy

• Budgetary and timing constraints (# of years)

S h d /b fi d d ff f l• Survey methods cost/benefit and trade-offs, for example…
• Aerial surveys may be more cost effective than vessel surveys
• Vessel surveys may offer more options in terms of population context

T i ff t i f ti b t d l #’ / lti l i• Tagging offers great information but may need large #’s/multiple species
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 Interagency agreement between: 

• NMFS (NEFSC & SEFSC), USFWS, BOEM, Navy 

 Information needs: 
• Assessment of the potential environmental 

impacts to resources from various actions;  
• Evaluate stock assessments 

 
16 January 2014 
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Objectives – Collect new data 
Collect broad-scale data over multiple years on the 

seasonal distribution and abundance of marine 
mammals (cetaceans and pinnipeds), marine turtles, 
and sea birds using direct aerial and shipboard surveys 
of coastal U.S. Atlantic Ocean waters 

Collect similar data at finer scales at several (~3) sites of 
particular interest to NOAA partners using visual and 
acoustic survey techniques 

Conduct tag telemetry studies within surveyed regions of 
marine turtles, pinnipeds and seabirds to develop 
corrections for availability bias in the abundance survey 
data and collect additional data on habitat use and life-
history, residence time, and frequency of use  

 

16 January 2014 
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Objectives - Analyses 

Assess the population size of surveyed species at 
regional scales 

Develop models and associated tools to translate 
these survey data into seasonal, spatially-explicit 
density estimates incorporating habitat 
characteristics 

Explore alternative platforms and technologies to 
improve population assessment studies 

 
 

16 January 2014 
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Habitat 
density 
model 

Numbers 
of groups 

seen 

Species-
specific bias 
corrections 

Habitat 
relationships 

Perception 
bias 

Trophic and 
behavioral 

relationships 

Availability 
bias 

Number 
within a 
group 

Population 
assessment 

Dynamic 
variables 
(e.g. SST) 

Static 
variables 

(e.g.,depth) 

Migration 

Prey 

Animal 
behavior 
(e.g., 

swimming, 
charging, 
feeding) 

Sighting 
conditions 

16 January 2014 
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OBJECTIVE: 
COLLECT  NEW  DATA 

16 January 2014 
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FWS 
Seabird aerial surveys 

Surveys: 
    2010: Feb, Aug, Dec 
    2011: Feb, Aug 
    2012: Mar, Sep-Oct 
    2013: Sep 
    2014: Feb-Mar 
 
Strip transect method 
 
62,127 km of track lines 
185,093 seabirds detected 
15 other species detected 

16 January 2014 



8 16 January 2014 

Surveys: 
    2010: Jul-Aug  
    2011: Jan-Mar, Jun-Aug 
    2012: Mar-May, Sep-Nov 
    2013: Jul-Sep 
    2014: Feb-Apr 
103,300 km of track lines 
2 team line transect 
 
5400 cetaceans detected 
5850 turtles detected 
200 seals detected 
4100 seabirds detected 
 
Regional abundance 
estimates available 

NMFS aerial and shipboard surveys 
NOAA’s Twin Otter and boat 
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Passive Acoustics 
 

 
1.Towed array research goals: 
 Abundance estimates for highly acoustic 
species such as sperm, beaked whales & …. 
 NE: 584 hrs of recordings 
 SE: 772 hrs of recordings 
 Identified at least 13 species 

 Develop species-specific classifiers 
 

2. Bottom mounted recorders & gliders: 
 Baleen whale seasonal distribution and habitat 
usage especially North Atlantic Right Whales   

 Understanding migratory corridors & changes 
in behavior resulting from changes in climate 

 15 deployed so far 16 January 2014 
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SEAL PROJECTS 

Harbor seals 
May-Jun 2012 harbor seal abundance 
estimate (in review): 
2,700 digital images of haul-out sites 
over 5 days 
29 harbor seals radio tagged to adjust 
for animals not hauled-out during survey 
 

Gray seals 
June 2013 – 9 (7-gps tags; 2-satt tags) 
non-pup gray seals tagged in Chatham to 
obtain info on how they utilize their 
habitat  
Gray seal biological samples collected 
for health assessment, diet, 
contaminants, stock ID, age 
 

Gray seal 

Harbor seals on beach 

16 January 2014 

Gray seal with tag 
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Loggerhead turtle tagging project 

Loggerhead turtle tags 
—2010: 30 in SE, 15 in NE 
—2011: 15 in NE 
—2012: 7 in NE 
—2013: 30 in SE, 6 in NE 

2010 tag and aerial survey data 
used to estimate 800,000+ 
loggerhead turtles (NEFSC + 
SEFSC 2011)  

 

16 January 2014 

SST at turtle’s depth de
pt

h 

Time 
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Static habitat data (depth, bottom slope) 
Dynamic satellite-based data (sst, chlorophyll) 
Dynamic model-based data (thermocline depth) 
 
 
 
Other parts of the ecosystem /sources 

— Fish and benthic densities from NMFS 
— Bycatch data from NMFS 
— From other projects (BOEM, Navy, states, 

NGO, etc) 

Habitat and trophic data 

16 January 2014 

Depth 

SST 
Modeled data 



13 VPR             Bongo 

Habitat and trophic data 
 Shipboard data collected simultaneously  
 EK60 backscatter data for plankton & fish 
 Plankton and macronekton samples from 

bongo nets, VPR, MOCNESS, Isaac kid 
trawl 

50 
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200 

250 

300 

0 

De
pt

h 
(m

) 

0 10 20 30 40 50 60 70 
Distance along track (km) 

EK60 data 
18 kHz 

Fin whale 
Risso’s dolphin 

16 January 2014 
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Data bases 

1) NMFS Oracle database contains: 
a) NE aerial 2010-12; SE aerial 2012 spring; NE & SE 

shipboard 2011 abundance data 
 Trackline data - over 5000 records (date, time, position, speed) 
 Effort data - over 4000 records (date, time, effort status, 

observers, weather observations, transect, etc.) 
 Sighting data – over 4000 records (date, time, species, group 

size, behavior, cue, distance, bearing, etc.) 
b) Turtle satellite tag data  
 ~122,300 location records of which about 30,400 are Class 3, 2, or 1 
c) Seal satellite tag data 
 ~ 2000 records, including over 1300 dive records so far 

d) Environmental data associated with abundance data 
2) Tethys database for acoustic data 
3) Marine bird compendium database 
 
 

16 January 2014 
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OBJECTIVE: 
ANALYZE   DATA 

ds
yw

ds
sypa +

+
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m

e 
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at
te

r (
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) 

Frequency (kHz) 

Magenta regions: “Fish-like” 
frequency response curves. Higher 
intensity at 18 kHz, lower intensity at 
200 kHz. 

16 January 2014 
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Density estimates corrected 
for some biases 

 Perception bias – accounted for with 2 teams 
 Availability bias – accounted for with  

• Tag data (turtles, birds, seals),  
• Passive acoustics (sperm and beaked whales), 
• Data published in previous literature 

 Species-specific biases – such as: 
• Highly aggregated bird flocks 
• Incorporating bird observations not identified to 

species into species-specific abundance models 
 

16 January 2014 
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Incorporating habitat 
into models of: 

 Numbers of groups in an area 
 Numbers of animals in the group 
 Dive time patterns 

 

16 January 2014 
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Modeling habitat 
density estimates 

 Bayesian hierarchical models 
 Generalized linear and additive models 
 Non-parametric multiplicative regression models 
 
Multiple methods allow comparison of methods, 

development of best method for each species, 
model averaging since each method has its pros 
and cons 

16 January 2014 
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Data integration to 
improve density estimates 

 Integrating detection probabilities and habitat to 
estimate density of cetaceans and turtles 

 Integrating loggerhead turtle’s tag and visual data 
 Integrating sperm whale passive and visual data 
 Integrating seal haul-out photo counts and tag data 
 
 
 
 

16 January 2014 
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Integrating other types of data 
to improve density estimate and 
understand the ecosystem 
relationships better 

Loggerhead turtle spatial and temporal explicit 
density using abundance survey and satellite 
track data from us and various other 
investigators, plus bycatch rates.  

Explore ecosystem mechanistic relationships 
using marine mammal data, static habitat data, 
dynamic habitat data from satellites and ocean 
models, EK60 backscatter data, plankton data, 
fish data, etc. 

16 January 2014 
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Future - Planning to implement 
another inter-agency agreement 

• Include other agencies and organizations 
• Continue work on cetaceans, seabirds, seals, and turtles 
• Continue quantifying different types of bias corrections 
• Continue passive acoustic work 
• Continue non-summer aerial survey of shelf (<2000 m depth) 
• Continue process survey data collection to include multiple 

trophic levels and animal behavior 
• Continue method development to improve density habitat 

models and integrate different data types 
 16 January 2014 
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QUESTIONS? 

http://www.nefsc.noaa.gov/read/protspp/mainpage/AMAPPS/ 

AMAPPS = Atlantic Marine Assessment  
Program for Protected Species 



Broad scale surveys  2002-2006 

<50m 
-100 
-200 
-300 
>300 

350 flights 

www.nefsc.noaa.gov/publications/crd/crd0702/ 
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January - March 

October - December July - September 

April - June 
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> 0 
> 5 
>10 
>15 
>20 



Jordan Basin & Jeffreys Bank 

Georges Basin 

Franklin Basin 

Georges Shoal 

SCOPEX 

Howell Swell 

Cashes Ledge 

Jeffreys Ledge 
& Wildcat Knoll 

Stellwagen Bank & 
Wilkinson Basin 



Distance calculation for 750' 
ANGLE Distance (nmi) 

89.3 7.56 
89.2 6.82 
89.1 6.21 

89 5.70 
88 3.13 
87 2.16 
86 1.65 
85 1.33 
84 1.11 
83 0.96 
82 0.84 
81 0.75 
80 0.67 

Count of ret measurements during  
psblegstage 1 & 3 in Spring 2012 

Count > 80 ret > 87 ret 
FIWH 77 34 7 

HUWH 106 74 13 
MIWH 56 13 0 
RIWH 53 34 3 
SEWH 26 10 1 
UNLW 97 86 32 
UNDO 165 42 1 
FV-C 226 190 85 
FV-T 250 229 101 
FV-U 325 313 273 



FY11 FY10 

FY12 FY13 



2007  begin saw tooth surveys 





Baumgartner et al. 2013. Real-time reporting of baleen whale passive acoustic detections from 
ocean gliders. J. Acoust. Soc. Am. 134(3). 



plane 

ship 

gliders 

gliders 



plane gliders 





Amy Whitt 

Ecological Baseline Study off NJ 

NJ Department of Environmental Protection 
awhitt@versar.com 



Purpose & Objectives 

• Provide NJDEP with baseline data in advance of 
offshore wind development 

• Conduct 1st year-round study of marine mammals 
in NJ nearshore waters 

• Determine seasonal & spatial occurrence of 
marine mammal species 

• Generate abundance estimates of species/groups 



Study Area 

• Cape May to 
Barnegat Bay 

• Shoreline to 37 km 

• 0 to 30 m depth 

• 4,665 km2 



Methods – Shipboard Surveys 
• Line transect surveys 

• Abundance/density & 
distribution 

• R/V Hugh R. Sharp 

• Flying bridge 10 m above 
water 

• BSS ≤ 5 & 2 km visibility 

• GPS location, angle, 
bearing, group size, species, 
behavior, etc. 

 



Methods – Aerial Surveys 

• Line transect surveys 

• Abundance/density & distribution 

• Cessna Skymaster 337 

• ~230 m altitude & ~220 km/h 

• BSS ≤ 5 & 3.7 km visibility 

• Time, position, declination angle, 
group size, species, behavior, etc. 

 



Methods – Survey Effort 
• Double saw-tooth 

• NOAA Permit #10014 

• Ship Survey  

Jan 2008 - Dec 2009 
13,123 km 

• Aerial Survey 

Feb - Apr 2008 
Jan - Jun 2009 
13,254 km 



Methods – Survey Effort 
• Double saw-tooth 

• NOAA Permit #10014 

• Ship Survey  

Jan 2008 - Dec 2009 
13,123 km 

• Aerial Survey 

Feb - Apr 2008 
Jan - Jun 2009 
13,254 km 



Methods – Passive Acoustic Monitoring 

• 5 Pop-ups 
• 2 kHz – whales 
• 31.25 kHz – dolphins 



Analyses – Conventional Distance Sampling 

• Separate analyses for 
aerial & ship data 

• Probability detection 
function 

• Encounter rate, detection 
probability, mean group 
size 

 

Abundance/density estimates for overall Study Area 



Analyses – Density Surface Modeling 

• Generalized additive models 

• Static covariates  
lat, long, depth, slope 

• Dynamic covariates 
 SST, chl a 

Predicted abundance/density estimates related to 
environmental covariates 



Analyses – Acoustics 

• Total hours collected = 38,700 
• Total GB of data = 2.5 TB 
• Low frequency data - custom software 

algorithms 
• High frequency data - processed manually 

Spectrogram of Fin Whale 20 Hz pulses 



Results 

• 8 Species 
• T&E Species =  North Atlantic right whale 

  Fin whale 
  Humpback whale 

• Seasonality of Detections 
– Right, fin, humpback whales & bottlenose 

dolphin detected during all seasons 
– Occurrence of dolphins & porpoises largely 

seasonal 

 
 

TOTAL SIGHTINGS = 615 (486 ON-EFFORT) 



North Atlantic Right Whale 

• All seasons 
• Total sightings = 4 

Year-round T&E abundance = 1 



North Atlantic Right Whale 

• All seasons 
• Total sightings = 4 

High densities predicted 2-37 km 
from shore 

Year-round T&E abundance = 1 



North Atlantic Right Whale 

Right whale upcalls 

NARW detections  
Sept – Dec 2008 

Whitt et al. 2013. ESR 20(1): 59-69. 



Fin Whale 

• All seasons 
• Total sightings = 37 

Year-round abundance = 2 



Fin Whale 

• All seasons 
• Total sightings = 37 

High densities predicted throughout, including in 
waters as shallow as 12 m & <2 km from shore. 

Year-round abundance = 2 



Fin Whale 

Fin whale detections  
March – June 2008 

Fin whale pulses 



Humpback Whale 

• All seasons 
• Total sightings = 17 

Year-round T&E abundance = 1 



Humpback Whale 

• All seasons 
• Total sightings = 17 

Year-round T&E abundance = 1 

High densities predicted 2-37 km 
from shore 



Minke Whale 

• Winter & spring 
• Total sightings = 4 



Lessons Learned 

• Aerial surveys vs. shipboard surveys 

• Weather constraints 

• More acoustic analyses time 

• Shallow-water passive acoustic recorders 



More Information 
• GMI (Geo-Marine Inc.). 2010. Ocean/Wind power ecological baseline 

studies January 2008 - December 2009. Final report.  Trenton, New Jersey: 
Department of Environmental Protection, Office of Science.  

  Available: www.nj.gov/dep/dsr/ocean-wind/report.htm 

• Dudzinski et al. 2011. Trouble-shooting deployment and recovery options 
for various stationary passive acoustic monitoring devices in both shallow- 
and deep-water applications. Journal of the Acoustical Society of America 
129(1):436-448. 

• Whitt et al. 2013. North Atlantic right whale distribution and seasonal 
occurrence in nearshore waters off New Jersey, USA, and implications for 
management. Endangered Species Research 20(1): 59-69.  

• Whitt et al. In Prep. Nearshore abundance and distribution of marine 
mammals in New Jersey waters. 

• Whitt et al. In Prep. Predictive modeling of marine mammal densities in 
nearshore waters of New Jersey. 





 
 

 
Field Studies of Whales, Dolphins, and Sea Turtles for  
Offshore Alternative Energy Planning in Massachusetts 
 

Scott D. Kraus, Ph.D., Sarah Leiter, and Orla O’Brien 
 New England Aquarium 
 Boston, MA 02110 
 

Charles Mayo, PhD., Leah Crowe, and Pat Hughes 
 Provincetown Center for Coastal Studies 
 Provincetown, Ma 02657 

 
Robert D. Kenney, Ph.D.    

   University of Rhode Island  
   Graduate School of Oceanography 
  Narragansett, RI 02882-1197 
             

 Christopher W. Clark, Ph.D. and Aaron N. Rice, Ph.D. 
 Bioacoustics Research Program  
 Cornell Lab of Ornithology  
 Cornell University 
 Ithaca, NY, 14850, USA 
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Comparison of historic effort (1979 - 2007), and the first year  of MA CEC 
survey effort data. Bars represent kilometers of survey in suitable  conditions. 
 





 
Probability of detection of animals or groups declines with their distance from the transect. In line-transect (or distance) 
sampling theory, f(0) is the probability density function of right-angle sighting distances (for that species and platform) 

evaluated at a distance of 0. The reciprocal of f(0) is the “effective strip width,” a statistical estimate of the area effectively 
searched on either side of the transect.  

Observer Viewfield 

465 ft obscured 

Camera Viewfield 

424 ft wide FOV 

Effective strip width for large 
whales is ca. 1.13 nm 

Observer nearfield view 
is obscured by fuselage 
out to 233ft from the 
trackline @ 1000 ft 

Cessna Skymaster O-2 Observer and Camera Viewfields 

Observer Viewfield 







Vertical Camera Images,  Variably Scaled (Enlarged) 



Photo credit Don LeRoi, Aerial Imaging Solutions/NEAq. Under contract by MassCEC. 











year Fin  Humpback Leatherback Loggerhead Minke Ridley Right  

2012 11 12 99 77 22 6 28 

2013 32 61 30 3 20 0 30 

SD  14.85 34.65 48.79 52.33 1.41 4.24 1.41 

CV% 69.07 94.93 75.64 130.81 6.73 141.42 4.88 
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