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Summary:

The United States Geological Survey (USGS) conducted a high resolution seismic survey from May 23 2010 to May 28, 2010 as part of the Assessing Tsunami Potential along the US East Coast project. The purpose of the survey was to acquire high resolution seismic profiles in water depths greater than 1000 meters for the identification of past and future sources of tsunamis hazards.  The research area is located across the continental slopes of the Northwest Atlantic Ocean south of Long Island, NY, inside the coordinates (-70.5º to -72.5º W and 39.0º to 40.1º N).  

It is assumed that the source used in this survey could potentially disturb a marine mammal with adverse effects.  All marine mammals are protected by the Marine Mammal Protection Act (MMA).  In addition, select marine mammals and turtles are additionally protected by the Endangered Species Act (ESA).  In the original letter of concurrence for this survey and the known ranges for all species during the time period of the survey, it was originally assumed that there would be little to no occurrence of marine mammals.  During this survey, there was at least one sighting of each of the following three endangered species that fall under the ESA:  Fin Whale (Balaenoptera physalus – 4 confident sightings, 3 potential sightings), Humpback Whale (Megaptera novaeangliae – 1 sighting), and North Atlantic Right Whale (Eubalaena glacialis – 1 sighting).  In addition, there were sightings of other marine mammals: Pilot Whales (Globicephala macrorhynchus), Risso Dolphins (Grampus griseus), False Killer Whale (Pseudorca crassidens), Harpor Porpoise (Phocoena phocoena), and Short Beaked Common Dolphins (Delphinus delphis); the last species being sighted the most (33 sightings).  No sea turtles were sighted during the survey.  A total of 73 sightings are included in this report.

A 6 kJoule Delta Sparker array developed commercially by Applied Acoustics Engineering Ltd, was used to collect the seismic data.  The sparker generates a steam bubble by discharging electrical energy through a point electrode surrounded by sea water.  The rapid expansion of the steam bubble generates a positive pressure impulse lasting 0.3 to 0.5 ms with frequencies concentrated between 0.3 to 1.0 kHz.  The sparker array was towed at a depth of 3 meters and a distance of 25 meters behind the ship at speeds between 3.1 to 4.1 knots. No other sonar equipment was used during the survey.  For this survey and seismic source, the pre-cautionary zone is established to be 250 – 185 meters from the ship.  Any marine mammal listed as endangered under the ESA observed inside the 185 meter zone initiates an immediate shut-off of the sparker.  These distances and conditions were established by using the results of validation tests for level of ensonification in shallow water (25 – 50 meters) and using theory to continue the results for deep water (1000 - 3000 meters). 

At least one observer was on active duty during daylight hours of seismic activities (05:00 to 21:00 EDT).  Observations were supplemented by a Forward Looking Infrared (FLIR) camera, on loan by the company of the same name that was on 24 hrs.  Only one sparker shut down was required when two Fin Whales (one adult, one juvenile) were sighted inside the shut-off zone (sighting number 1).

Methods:

The Tiki XIV is an eighty (80) foot steel trawler with a 190 degree view inside the bridge plus another 30 degrees of the rear port side when the door to the upper deck is open.  The monitor to view thermal images was installed in the bridge as well.  It also has an upper viewing deck providing an almost 350 degree view with the bow view being blocked by the bridge.  The observer was allowed to walk around the bridge on a regular basis to view blocked sections of view.  Depending on weather conditions, observing was done inside the bridge and when calmer weather conditions permitted, on the upper deck as well.  During data acquisition, the ship speed varied between 3.1 to 4.1 knots and during transit the ship speed was between 6.0 to 8.0 knots.  

One trained observer was on active duty during daylight hours to monitor the cautionary and shut-down zones during seismic operations and 30 minutes before full deployment seismic operations.  Sunrise was approximately at 5:15 AM EDT and sunset approximately at 8:05 PM EDT providing 14:50 hours of daylight. Shifts were done on 2 hour on 2 hours off shifts starting at 5 AM EDT ending at 9 PM EDT with a few minutes (15 – 5 minutes) before change of watches to compare notes between the ingoing and outgoing observers.  Other personnel did serve as lookouts but were not considered to be dedicated observers.  Each observer was equipped with appropriate clothing, sunscreen, binoculars, polarized sunglasses and data sheets.  Weather conditions were recorded at the beginning of the watch and if a significant change of weather conditions occurred during watch.  The dashed fields in the Marine Observer Log (Table 1) is due to confusion on which data sheet to record sea condition information but this is limited to the first day of observation.  

In addition, the use of an infrared camera (FLIR) is used to aid in observing during times of low light at dawn and dusk and at night.  FLIR detects temperature differences of various surfaces to process an image.  This ability is ideal for detecting marine mammals since they are warm-blooded creatures and will show as bright contrasting shapes in the background water temperature.  The camera was mounted above the bridge to provide 360 degree coverage and has a detecting distance range of 1.3 km; well within the cautionary and shut-off zones.  The observer can control the viewing direction of the camera (left, right, and up, down) inside the bridge using a joystick control unit.  The camera was limited by one narrow eight inch diameter smoke stack and several antennae in its field of view and it had limited coverage of the water surface immediately surrounding the ship (0 to 6 meters).  For this reason, bow ridding by dolphins could not be recorded on the FLIR camera. The camera was also connected to a DVD recording device to record any significant observations.  No sound was recorded.  

Results:

The high resolution seismic survey was conducted from May 23, 2010 to May 28, 2010.  The observer log is described in Table 1 and the sightings summary in Table 2. Dashed fields indicate unrecorded information.  Also included in this report are a map of sightings, a .kmz file for Google Earth© or ArcGIS product, movie (.mov) files from the FLIR camera, and screen capture images taken from the movies.  A description of what is observed in the movies and screen captures are included as part of this report.  

Table 2 lists all 73 sightings observed during the survey.  Of those, three marine mammals fall in the endangered category of the Endangered Species Act (ESA).  Whale sightings contribute to 17 of total sightings in Table 2.  Of 17 sightings, 5 are identified as Fin Whales (1 confident, 4 possible),  1 North Atlantic Right Whale, 1 Humpback, and 10 identified as generic whale sightings due to observing only blows and no further comment on their identification.  The following are species that are endangered but were not encountered during the cruise: Sperm Whales, Blue Whales, Grey Whales, Sei Whales, Killer Whales, or sea turtles.  

The other sightings of marine mammals do not fall into the endangered category. They include Pilot Whales (6 sightings and 1 possible) and one False Killer Whale.  Dolphin sightings were also observed every day in high numbers except on the last day where only one early morning sighting was recorded.  They contribute to 50% of total sightings (38 total sightings, 24 as Common Dolphin, 2 as Risso and 11 generically identified as dolphin).  The dolphins seemed to exhibit behavior that indicates they are accustomed to seeing boats of similar size to the Tiki XIV out in the open ocean.  Typically they would porpoise towards the bow of the ship.  When a pod of 3 or more individuals arrived, they would bow wave ride for 5 -10 minutes and 1 or 2 individuals would stay following and bow riding the ship for 20 minutes or more.  Dolphins did not exhibit any interest in the sparker or streamer being towed behind the ship.  They never swam towards the equipment or exhibited sudden change in behavior milling near the ship.  

Included in Table 2 are observations of sharks because there are two sightings where there were interactions between a shark and dolphin and a shark and a pod of pilot whales.  There was also the observation in which during the pulling of the gear in the evening of May 25, fourteen basking sharks surrounded the boat and were feeding.  This was recorded on the FLIR.  

Discussion:
Procedures and regulations were discussed before the start of data acquisition to minimize confusion when time arrived for immediate action when a mammal entered the precautionary and shut-off zones.  Observers were to give the scientific crew an alert if a mammal was entering the precautionary zone and to order immediate shut-off if inside 185 meters.  The technician of the sparker system also gave all personnel onboard instructions on how to shut off the equipment if necessary and safety precautions when near the equipment.  Only one immediate shut-off was ordered on the first day (May 23, 2010).

One explanation for the unexpected high number of sightings for this survey is in the interaction of cold and warm water currents in this region during this period.  An example of satellite sea surface water temperatures is included in this report to illustrate this observation and is shown in Figure 2.  The box indicates the region of the survey.  We encountered water currents rich in nutrients various times during the survey and at least two occasions where a distinctive rich smell of “biota” or a smell indicating the occurrence of high concentration of algae and other microorganisms in the water. On the map shown in Figure 1, most of the sightings occurred on the shelf edge.  We suggest that the interaction of cold and warm water currents along the shelf edge contributed to the occurrence of currents rich in nutrients that attracted a large number of species during the dates of the survey. 

The FLIR camera aided in observation during times of limited or no natural light and it was left on 24 hours of the day during the entire survey.  Recorded observations of interest are included in this report as .MOV media files.  You will need Quicktime Player to play these media files.  (It is suggested that a copy of the media should be copied onto the computer for best quality viewing.)  The media is included as proof of concept that marine mammal identification and observation is possible using forward looking infrared cameras.  An occasion in which the FLIR did not exceed the performance of human eyesight was during heavy fog (visibility < 1 km) that occurred in the early morning hours of 26 May, 2010 (about 3 hrs in duration).  In this case, the visibility penetration distance in the fog between human eyesight and the FLIR was about the same.  There were a few items that had to be taken into account in the use of the FLIR camera such as perception of distance while viewing the monitor/ thermal output and the best location to mount the camera. These were overcome by calibrating distances while still in port and communicating with the ship owner in advance about the best possible location to site the camera.
FLIR Movies Time Stamped Descriptions:

The following are time stamps to observations of interest caught on the FLIR camera.  

baskingsharks.mov (length 10:08 MM:SS)

Taken JD 145 2010, around 8:40 PM EDT (dusk). See also Figure 3.

Throughout the clip, sharks are identified as a pair of bright spots moving in unison appearing out of the water.

Minute: 04:38 - basking shark is very close to the ship appearing from the bottom left corner of the screen. 

Minute: 05:00 - same shark is at closest approach to the ship and can almost see the head breaking the surface.

Minute: 08:45 - birds flying from lower left corner to the right.

dolphins.mov (length 05:40 MM:SS)

Taken JD 146 2010, around 4:34 PM EDT.  See also Figure 4.

In this clip, dolphins are identified as light contrasting spots appearing in the water for about a second.  The dorsal fin generates a slight splash (rooster tail) that appears as a subtle light contrast against the background. 

Minute: 00:09 - white dot near center just below horizon

Minute: 01:30 - subtle splash of dolphin just to the right of previous sighting just left of the "FLIR" icon.

Minute: 02:02 - subtle splash of dolphin just below the "FLIR" icon

Minute: 02:11 - subtle splash of dolphin left from the previous sighting

Minute: 02:22 - subtle splash of dolphin in same spot as last sighting

Minute: 02:35 - subtle splash inside "FLIR" icon between the letters "F" and "L"

Minute: 03:03 - series of spots appear under the FLIR icon and camera moves towards the activity. 

Minute: 03:40 - head and dorsal of dolphin appears at center of screen, lasts about 4 seconds.  This is the most prominent observation of a dolphin in entire movie.

Minute: 04:28 - subtle shape of dorsal appears at upper left quadrant

Minute: 04:46 - dorsal appears in middle of the upper right quadrant 

Minute: 05:00 - subtle splash of dolphin just to the right of the bar in the upper section

Minute: 05:02 - head and dorsal of dolphin just below previous sighting, end of splash moves out of camera range

Minute: 05:20 - two dorsal fins appear in succession near the middle of camera view,

Minute: 05:28 - at end of camera movie, subtle splash appears in upper left quadrant.

whale_blows.mov (length 06:04 MM:SS)

Taken JD 144 2010, around 5:10 PM EDT. See also Figure 7.

In this clip, whale blows appear as light V-shaped spots just below the horizon.  

We also observe contrasting water currents of different temperatures in different shades.

Minute: 00:13 - barely contrasting dot near center of screen just below the horizon lasting 4 seconds, blow

Minute: 00:25 - barely perceptible blow at same spot as previous observation

Minute: 01:54 - inverting color scheme

Minute: 02:31 - inverting color scheme back to original

Minute: 03:13 - blow comes into view of camera from left, just below horizon, 1 second long

Minute: 03:23 - blow in same spot as previous observation

Minute: 03:35 - blow in similar spot as previous observation

Minute: 03:47 - blow near center of screen just below horizon about 4 seconds long 

Minute: 04:14 - blow just left of center of screen just below horizon about 4 seconds long

Minute: 04:28 - camera at 2x zoom, blow appears left of center below horizon, about 8 seconds

humpback_clip.mov (length 03:37 MM:SS)

Taken JD 148 2010, around 3:41 PM EDT. See also Figures 5 and 6. 

In this clip, a humpback whale was observed breaching generating large splashes about 1/4 of a mile away from the boat.  A contrast of water currents is observed and the whale breaching follows this current.  

Minute: 00:02 - In upper left quadrant, in the darker water current, see the humpback jump out of the water, breaching and then leave a big splash.  Can almost see outline of humpback and pectoral fins as it breaches.

Minute: 00:36 - Upper right quadrant, see humpback breach again, camera pauses during calibration and catches end of breach with splash, best view of humpback outline.

Minute: 01:27 - camera moves to catch splash of breach on far right of view

Minute: 01:59 - start of breach hidden by pole but rest does show up into view of camera

Minute: 02:18 - breach about 6 seconds long, just to the right of last observation 

Minute: 02:34 - blow, just to the right of last observation 

Minute: 03:25 - breach comes into view above "FLIR" logo letter "F", 3 seconds long.
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	Figure 1: Map of Marine Mammal Observations during survey on top of low resolution bathymetry.  Image mapped using Google Earth©.  White concentric squares are whale sightings, red stars are dolphin sightings, yellow circles are pilot whale sightings, purple triangles are porpoise sightings, green hexagons are either unknown or a false killer whale sighting and aqua diamonds are shark sightings.
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	Figure 2: Satellite Sea Surface Temperature map downloaded from the Rutgers University, Coastal Ocean Observation Lab for 26 May, 2010.  Boxed area is region of survey.
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	Figure 3: Screen capture of basking shark, sighting number 35, on 25 May, 2010 at 20:40 EDT, distance about 5 meters from ship.
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	Figure 4: Screen capture of dolphin surfacing (at center of image), sighting number 44, on 26 May, 2010 at 16:34 EDT, distance about 50 meters.
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	Figure 5: Humpback at maximum breach, sighting number 73, on 28 May, 2010 at 15:41 EDT, distance about 400 meters. 
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	Figure 6: Resulting splash from Humpback breach, sighting number 73, on 28 May, 2010 at 15:41 EDT, distance about 400 meters.
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	Figure 7: Whale blow located at center of image, sighting number 11, on 24 May, 2010 at 17:10 EDT, distance about 500 meters. 


Table 1
	Marine Observer Log
	
	May 23 =Julian Day 143
	
	
	Observer CF-> Claudia Flores

	Cruise:
	2010-021-FA
	
	
	
	
	
	
	Observer CR -> Carol Reiss

	
	
	
	
	
	
	
	
	

	Julian Day
	Start time EDT (GMT)
	End time  EDT (GMT)
	Observer (initials)
	Beaufort Sea State Number
	Ship Info Heading
	ship speed (knots)
	sparker on? (y/n)
	Comments: 2hr on/off shift during daylight hours.  FLIR on 24/7.  Daylight Hours 5 AM to 9 PM EDT (9:00 GMT to 1:00 GMT)

	143
	11:00 (15:00)
	13:00 (17:00)
	CF
	~ 5
	130°
	3.7
	-
	Sparker being deployed at 11:00 EDT (15:00 GMT), on full power 12:15 (16:15 GMT) – no mammals sighted

	143
	13:00 (17:00)
	15:00 (19:00)
	CR
	5
	130°
	4.1
	yes
	- none -

	143
	15:00 (19:00)
	17:00 (21:00)
	CF
	3 – 4
	127°
	4.0
	yes
	-

	143
	16:45 (20:45)
	19:00 (23:00)
	CR
	5
	130°
	4.1
	yes
	 at 18:20 EDT, 5-7 foot swells, sea state 5

	143
	19:00 (23:00)
	21:00 (01:00)
	CF
	-
	130°
	4.1
	yes
	-

	145
	05:00 (09:00)
	07:00 (11:00)
	CR
	-
	130°
	4.1
	yes
	-

	145
	07:00 (11:00)
	09:00 (13:00)
	CF
	-
	130°
	4.1
	yes
	-

	145
	09:00 (13:00)
	11:00 (15:00)
	CR
	-
	130°
	4.1
	yes
	-

	145
	11:00 (15:00)
	13:00 (17:00)
	CF
	-
	130°
	4.1
	yes
	-

	145
	12:45 (16:45)
	15:00 (19:00)
	CR
	-
	130°
	4.1
	yes
	-

	144
	15:00 (19:00)
	17:00 (21:00)
	CF
	2 – 3
	130°
	6.0
	no
	at 14:55 EDT sparker brought in, ship in transit

	144
	17:00 (21:00)
	19:00 (23:00)
	CR
	2 – 3
	130°
	5.8
	no
	transiting, lots of fishing gear out on shelf break, sparker on at 18:30 EDT, speed 4.1 knots

	144
	19:00 (23:00)
	21:00 (01:00)
	CF
	1 – 2 
	180°
	3.9
	yes
	-

	145
	04:45 (08:45)
	07:03 (11:03)
	CR
	1 – 2
	178°
	4.0
	yes
	transiting, starting again at 06:40 EDT (10:40 GMT)

	145
	07:00 (11:00)
	09:00 (13:00)
	CF
	2 – 3
	1.5°
	4.3
	yes
	-

	145
	09:00 (13:00)
	11:00 (15:00)
	CR
	2
	9°°
	3.8
	yes
	- 

	145
	11:00 (15:00)
	13:00 (17:00)
	CF
	2
	6°
	4.1
	yes
	-

	145
	12:45 (16:45)
	15:00 (19:00)
	CR
	1
	2°
	4.1
	yes
	-

	145
	15:00 (19:00)
	17:00 (21:00)
	CF
	1
	1°
	4.1
	yes
	viewing out on deck (“biota” smell)

	145
	16:45 (20:45)
	19:00 (23:00)
	CR
	1 – 2
	18.4°
	4.4
	yes
	sunny and beautiful

	145
	19:00 (23:00)
	21:00 (01:00)
	CF
	1
	178.1°
	4.5
	yes
	viewing out on deck

	146
	04:50 (08:50)
	07:00 (11:00)
	CR
	1 – 2
	20°
	3.8
	yes
	Foggy, low visibility

	146
	07:00 (11:00)
	09:00 (13:00)
	CF
	~ 2
	270°
	4.2
	yes
	still foggy until about 08:35 EDT

	146
	09:00 (13:00)
	11:00 (15:00)
	CR
	1 – 2
	265°
	4.0
	yes
	with 2 – 3 ft swells

	146
	11:00 (15:00)
	13:00 (17:00)
	CF
	2 – 3
	265°
	3.9
	yes
	changed direction to 224°

	146
	13:00 (17:00)
	15:00 (19:00)
	CR
	2 – 3
	227°
	3.8
	yes
	3 – 5 foot swells

	146
	15:00 (19:00)
	17:00 (21:00)
	CF
	2 – 3
	229°
	3.8
	yes
	3 – 5 foot swells

	146
	17:00 (21:00)
	19:00 (23:00)
	CR
	2 – 3
	218°
	4.0
	yes
	3 – 5 foot swells

	146
	19:00 (23:00)
	21:00 (01:00)
	CF
	2 – 3
	224°
	4.3
	yes
	at 19:20 EDT (23:20 GMT) turning to 321° and sparker off, at 19:53 EDT (23:53 GMT) changed heading to 48°, sparker on at 20:13 EDT (00:13 GMT).

	147
	05:00 (09:00)
	07:00 (11:00)
	CR
	4 – 5
	90°
	3.8
	yes
	4 – 6 foot swells, lightning and rain

	147
	07:00 (11:00)
	09:00 (13:00)
	CF
	3 – 4
	82°
	2.5
	yes
	4 – 6 foot swells

	147
	08:45 (12:45)
	11:00 (15:00)
	CR
	4
	87°
	3.1
	yes
	2 – 3 foot swells and overcast

	147
	11:00 (15:00)
	13:00 (17:00)
	CF
	4
	82°
	3.2
	yes
	2 – 3 foot swells

	147
	13:00 (17:00)
	15:00 (19:00)
	CR
	4
	80°
	3.7
	yes
	2 – 3 foot swells, some clearing

	147
	15:00 (19:00)
	17:00 (21:00)
	CF
	3
	48°
	5.9
	no
	Gear pulled in completely by 15:00EDT (19:00 GMT) and in transit. 16:45 (20:45 GMT) putting gear in water

	147
	16:50 (20:50)
	19:00 (23:00)
	CR
	2 – 3
	283°
	4.3
	yes
	At 16:50 (20:50 GMT) drifting and deploying gear, 1 – 3 foot swells. At 17:15 (21:15 GMT) sparker in water and following swells.

	147
	18:55 (22:55)
	21:00 (01:00)
	CF
	2
	268°
	3.8
	yes
	-

	148
	04:45 (08:45)
	07:00 (11:00)
	CR
	2
	221°
	4.0
	yes
	1 – 3 foot swells

	148
	07:00 (11:00)
	09:00 (13:00)
	CF
	2
	229°
	4.3
	yes
	distinctive “biota” water smell

	148
	09:00 (13:00)
	11:00 (15:00)
	CR
	1 – 2
	227°
	4.4
	yes
	0 – 2 foot swells

	148
	11:00 (15:00)
	13:00 (17:00)
	CF
	1 – 2
	225°
	4.3
	yes
	-

	148
	12:45 (16:45)
	15:00 (19:00)
	CR
	1 – 2
	222°
	4.0
	yes
	Sparker off at 14:31EDT (18:31 GMT) and out of the water by 14:55 EDT (18:55 GMT)

	148
	14:55 (18:55)
	-
	CF
	-
	-
	-
	-
	End of data collection, gear in boat and heading to Atlantic City, NJ.


Table 2
	Marine Mammal Log
	
	
	
	
	
	
	
	
	
	
	

	Cruise:  2010-021-FA
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ID #
	Date 

(JD)
	Latitude
	Longitude
	time EDT
	Obs. Initial
	common name
	Species
	Num.
	Distance (meters)
	Direction from North
	Behavior
	Sparker On/Off
	Comments

	1
	5/23/2010
(143)
	39.3657
	-71.6120
	18:20
	CR
	possible fin whale
	Balaenoptera physalus
	1
	91
	unknown
	surface swimming
	ON
	spouts and fin juvenile(?)  Sparker shut down then resumed when outside of shut-down range.

	2
	5/23/2010
(143)
	39.3434
	-71.5781
	18:50
	CR
	Short Beaked Common Dolphins
	Delphinus delphis
	6 – 12
	274 – 8
	from South coming towards the boat
	bow riding
	ON
	6 were spotted bow riding, observed rest of pod (about 20) further away from boat. Later jumping out of water, rode the bow riding for a few minutes. Two kept bow riding for about 30 minutes.

	3
	5/23/2010
(144)
	39.2743
	-71.4715
	20:23
	CF
	shark
	Selachimopha
	1
	31
	sited ahead of boat
	following boat
	ON
	possible great white or basking shark

	4
	5/24/2010
(144)
	39.3663
	-71.2271
	05:50
	CR
	dolphins
	Delphinidae
	2 - 3
	8
	from NW to boat
	bow riding
	ON
	Only saw dorsal fins, no full leaps out of water. Assuming bow-riding.

	5
	5/24/2010
(144)
	39.4433
	-71.2630
	07:03
	CF
	Common Dolphins
	Delphinus delphis
	4
	6
	at the bow and along both sides of boat
	swimming along sides of boat
	ON
	seeming to swim along side of the boat and then under bow

	6
	5/24/2010
(144)
	39.5718
	-71.3233
	09:05
	CR
	dolphin
	Delphinidae
	1
	15
	-
	swimming/ chasing(?)
	ON
	Dolphin and shark interaction

	6
	5/24/2010
(144)
	39.5718
	-71.3233
	09:05
	CR
	shark
	Selachimopha
	1
	15
	-
	swimming/ chasing(?)
	ON
	Dolphin and shark interaction

	7
	5/24/2010
(144)
	39.6812
	-71.3746
	10:54
	CR
	Common Dolphins
	Delphinus delphis
	2
	8
	approached bow
	swimming, bow riding
	ON
	dorsal fins breaking surface (roostering), probably short beaked common dolphins

	8
	5/24/2010
(144)
	39.7025
	-71.3848
	11:15
	CF
	Common Dolphins
	Delphinus delphis
	6
	6 – 183
	2 at bow, 4 heading towards boat
	coming from the north
	ON
	seem to have a pair that consistently follow the boat.

	9
	5/24/2010
(144)
	39.9517
	-71.4010
	15:48
	CF
	whale
	Balaenopteridae
	2
	1609
	7° from North
	surface swimming for a few moments before dive
	n/a
	no gear in water

	10
	5/24/2010
(144)
	39.9517
	-71.4010
	15:48
	CF
	common dolphins
	Delphinus delphis
	3 – 5
	31
	7° from N
	-
	n/a
	observed dolphins coming to the boat right after whale had gone for a dive, no gear in water

	11
	5/24/2010
(144)
	39.9806
	-71.2263
	17:10
	CR
	whale
	Balaenopteridae
	1
	402
	73°
	surface swimming about 12 blows and then saw fluke
	n/a
	caught blows on FLIR location 39 56.695'. 71 14.317' water depth 1048 ft (sighting lasted 4 minutes), no gear in water

	12
	5/24/2010
(144)
	39.9904
	-71.1725
	17:30
	CR
	dolphins
	Delphinidae
	3 +
	91
	multiple directions
	surface saw dorsal fins
	n/a
	transiting, 6 knots, no gear in water

	13
	5/24/2010
(144)
	39.9901
	-71.1734
	17:35
	CR
	harbor porpoises (?)
	Phocoena phocoena
	2 or more
	-
	-
	blows and fins thin
	n/a
	feeding (?), no gear in water

	14
	5/24/2010
(144)
	39.9901
	-71.1734
	17:35
	CR
	whale
	Balaenopteridae
	1
	1609 – 805
	270°
	blows
	n/a
	depth 1024 ft, no gear in water

	15
	5/24/2010
(144)
	40.0034
	-71.0988
	18:10
	CR
	dolphin
	Delphinidae
	1
	91
	80°
	surface swimming
	n/a
	no gear in water, transiting

	16
	5/24/2010
(144)
	39.9751
	-71.0755
	19:02
	CF
	dolphin
	Delphinidae
	1 + 
	91
	160°
	playing at the surface
	ON
	gear in water, possibly on FLIR

	17
	5/24/2010
(144)
	39.9228
	-71.0748
	19:49
	CF
	dolphin
	Delphinidae
	1
	137
	150°
	swimming
	ON
	

	18
	5/24/2010
(144)
	39.9082
	-71.0744
	20:02
	CF
	Common Dolphins
	Delphinus delphis
	5 – 6
	15
	270°
	swimming and bow riding
	ON
	came from the West

	19
	5/25/2010
(145)
	39.4414
	-71.0264
	09:05
	CR
	Fin (?) Whale
	Balaenoptera physalus
	2 +
	1609
	220°
	3 – 5 blows at surface, swimming
	ON
	no change of behavior

	20
	5/25/2010
(145)
	39.5191
	-71.0202
	10:14
	CR
	Common Dolphins
	Delphinus delphis
	7 – 8
	18 – 27
	325°
	porpoising
	ON
	bow riding

	21
	5/25/2010
(145)
	39.6333
	-71.0108
	11:54
	CF
	whale
	Balaenopteridae
	1
	1609
	265°
	surface blow then dived
	ON
	no change of behavior, saw last blow and then fluke

	22
	5/25/2010
(145)
	39.6862
	-71.0065
	12:39
	CF
	pilot whale
	Globicephala
	1
	27
	100°
	surface breathing 
	ON
	Only saw dorsal fin for a minute then it went back to diving

	23
	5/25/2010
(145)
	39.7218
	-71.0036
	13:10
	CR
	great white (?) shark
	Carcharodon carcharias
	1
	27
	100°
	swimming along surface
	ON
	

	24
	5/25/2010
(145)
	39.8311
	-70.9949
	14:45
	CR
	pilot whale
	Globicephala
	6 – 8
	1609
	220° – 210°
	pod swimming at surface
	ON
	tight circle, protecting young (?) many shark sightings

	25
	5/25/2010
(145)
	39.8368
	-70.9943
	14:50
	CR
	pilot whale
	Globicephala
	6
	1609
	230°
	joined first group sighted earlier
	ON
	surface swimming, dorsal fins and backs, no blows

	26
	5/25/2010
(145)
	39.8592
	-70.9925
	15:10
	CF
	dolphins
	Delphinidae
	~ 4
	91
	80°
	swimming in group
	ON
	

	27
	5/25/2010
(145)
	39.8592
	-70.9925
	15:10
	CF
	harbor porpoise
	Phocoena phocoena
	1
	274
	190° - 200°
	porpoising
	ON
	Swimming and leaping

	28
	5/25/2010
(145)
	40.0143
	-70.9737
	17:30
	CR
	pilot whale
	Globicephala
	2
	31
	220°
	swimming, mom and baby
	OFF
	fins, no blow (gear shut down, in a turn, EOL)

	29
	5/25/2010
(145)
	40.0172
	-70.9522
	17:45
	CR
	Risso (?) dolphin
	Grampus griseus
	6 +
	137
	190° - 200°
	feeding frenzy
	OFF
	

	30
	5/25/2010
(145)
	39.9769
	-70.9191
	18:40
	CR
	unknown
	unknown
	1
	91
	100°
	diving (?)
	ON
	fluke (probably same as blow)

	31
	5/25/2010
(145)
	39.9712
	-70.9204
	18:45
	CR
	Northern Right Whale
	Eubalaena glacialis
	1
	1207
	355°
	2 spouts and dive
	ON
	diving ( 5 minutes later), no dorsal fin

	32
	5/25/2010
(145)
	39.9531
	-70.9200
	19:00
	CF
	Common Dolphin
	Delphinus delphis
	2
	91
	165°
	surface swimming
	ON
	

	33
	5/25/2010
(145)
	39.9277
	-70.9193
	19:20
	CF
	dolphins
	Delphinidae
	3
	2414
	185°
	surfacing
	ON
	only saw dorsals, too far to clearly identify

	34
	5/25/2010
(145)
	39.9111
	-70.9189
	19:33
	CF
	Common Dolphin
	Delphinus delphis
	~ 8
	2414
	168°
	porpoising
	ON
	jumping out of the water, splashing

	35
	5/25/2010
(145)
	39.8313
	-70.9166
	20:40
	CF
	Basking Sharks
	Cetorhinus maximus
	 8 – 10
	15 – 1
	surrounding boat
	feeding
	OFF
	Sparker off captured on FLIR, 39 49'N, 70 54' W

	36
	5/25/2010
(145)
	39.8307
	-70.9144
	21:00
	CF
	Basking Sharks
	Cetorhinus maximus
	12 +
	15 – 6
	surrounding boat
	feeding on krill (?)
	OFF
	lots of white dots on FLIR

	37
	5/26/2010
(146)
	39.6653
	-70.9826
	06:45
	CR
	Short Beaked Common Dolphin
	Delphinus delphis
	3 – 4
	46 – 1
	315°
	porpoising
	ON
	leaping out of the water, presume bow riding

	38
	5/26/2010
(146)
	39.6640
	-71.0410
	07:23
	CF
	whale
	Balaenopteridae
	2
	1609
	10°
	Big initial blow from dive
	ON
	whale possibly Fin

	39
	5/26/2010
(146)
	39.6640
	-71.0410
	07:23
	CF
	Common Dolphin
	Delphinus delphis
	2
	805
	10°
	porpoising towards the boat
	ON
	fog still at 0 – 3 miles

	40
	5/26/2010
(146)
	39.6580
	-71.2831
	10:07
	CR
	Common Dolphin
	Delphinus delphis
	6 – 8
	402 – 0
	320°
	porpoising towards boat
	ON
	

	41
	5/26/2010
(146)
	39.5462
	-71.5940
	14:30
	CR
	whale
	Balaenopteridae
	1
	1609
	120°
	breaching
	ON
	saw breach and fin

	42
	5/26/2010
(146)
	39.5294
	-71.6147
	14:53
	CR
	Common Dolphin
	Delphinus delphis
	3 – 6
	3
	310°
	bow riding
	ON
	

	43
	5/26/2010
(146)
	39.4690
	-71.6890
	16:11
	CF
	Common Dolphin
	Delphinus delphis
	1
	6
	320°
	bow riding
	ON
	bow riding for a few minutes, then left

	44
	5/26/2010
(146)
	39.4503
	-71.7123
	16:34
	CF
	Common Dolphin
	Delphinus delphis
	8 – 9
	805
	175°
	swimming towards the boat, then bow riding
	ON
	bow riding for a minute, then left. tried to get them on FLIR, 2 min.

	45
	5/26/2010
(146)
	39.3323
	-71.8576
	18:55
	CR
	dolphin
	Delphinidae
	5 – 6
	15
	265°
	porpoising
	ON
	bow riding

	46
	5/26/2010
(146)
	39.3590
	-71.8247
	19:24
	CF
	Common Dolphin
	Delphinus delphis
	5 – 6
	805
	0° – 20°
	porpoising towards the boat
	OFF
	bow riding, investigating 

	47
	5/26/2010
(146)
	39.3777
	-71.8997
	20:30
	CF
	Common Dolphin
	Delphinus delphis
	2
	6
	70°
	swimming along side of boat
	ON
	originally observed shark circling boat, then when it disappeared, dolphins arrived. basking shark?

	48
	5/27/2010
(147)
	39.7236
	-71.2527
	06:40
	CR
	Common Dolphin
	Delphinus delphis
	3  - 5
	6
	90° – 110°
	bow ridding
	ON
	bow riding

	49
	5/27/2010
(147)
	39.7235
	-71.2471
	06:45
	CR
	Common Dolphin
	Delphinus delphis
	2
	9
	65°
	porpoising and bow riding
	ON
	bow riding

	50
	5/27/2010
(147)
	39.7235
	-71.2471
	06:45
	CR
	Common Dolphin
	Delphinus delphis
	2 – 3
	9
	120°
	porpoising and bow riding
	ON
	bow riding

	51
	5/27/2010
(147)
	39.7236
	-71.2418
	06:50
	CR
	Common Dolphin
	Delphinus delphis
	1
	6
	140°
	bow riding
	ON
	bow riding

	52
	5/27/2010
(147)
	39.7242
	-71.1450
	08:25
	CF
	dolphin
	Delphinidae
	3
	15
	82°
	porpoising towards the boat
	ON
	

	53
	5/27/2010
(147)
	39.7254
	-70.9173
	11:45
	CF
	Common Dolphin
	Delphinus delphis
	4
	6
	starboard side
	bow riding
	ON
	

	54
	5/27/2010
(147)
	39.7268
	-70.7892
	13:30
	CR
	Common Dolphin
	Delphinus delphis
	3
	6
	100°
	bow riding
	ON
	

	55
	5/27/2010
(147)
	39.7361
	-70.7136
	15:00
	CF
	dolphin
	Delphinidae
	3 – 5
	1
	starboard side 
	swimming along side boat
	OFF
	Gear was being pulled in at the time

	56
	5/27/2010
(147)
	39.8480
	-70.6341
	16:16
	CF
	Common Dolphin
	Delphinus delphis
	5
	15
	15° – 20° 
	swimming towards boat
	n/a
	No gear in water, transiting at 5.9 kts, course 048

	57
	5/28/2010
(148)
	39.6228
	-71.7708
	06:30
	CR
	Fin Whale
	Balaenoptera physalus
	1
	185
	250°
	breaching and tail splash
	ON
	did not resurface, precautions taken

	58
	5/28/2010
(148)
	39.5423
	-71.8672
	08:00
	CF
	dolphins
	Delphinidae
	2 – 3
	15
	190°
	saw only dorsal fin
	ON
	keeping to starboard of boat

	59
	5/28/2010
(148)
	39.5004
	-71.9174
	08:47
	CF
	Pilot Whales
	Globicephala
	5 – 6
	61 – 30
	port side of boat
	surfacing all at once for a few minutes
	ON
	spy-hopping? stayed at the same spot

	60
	5/28/2010
(148)
	39.4037
	-72.0329
	10:30
	CR
	whale
	Balaenopteridae
	1
	805
	145°
	splash/blow
	ON
	

	61
	5/28/2010
(148)
	39.3993
	-72.0383
	10:35
	CR
	whale
	Balaenopteridae
	1
	1609
	120°
	splash and fluke (?)
	ON
	

	62
	5/28/2010
(148)
	39.3008
	-72.1553
	12:33
	CF
	Fin (?) Whale
	Balaenoptera physalus
	1
	805
	193°
	caught blow/spray
	ON
	~ 5 – 6 minutes later, saw it resurface further away in same direction from boat

	63
	5/28/2010
(148)
	39.2915
	-72.1663
	12:44
	CF
	shark
	Selachimopha
	1
	1
	240°
	milling
	ON
	~ 12 ft long, swam from 240° then continued away from boat towards 180°

	64
	5/28/2010
(148)
	39.2873
	-72.1713
	12:49
	CF
	Fin (?) Whale
	Balaenoptera physalus
	1
	3219
	220°
	blow
	ON
	same individual?

	65
	5/28/2010
(148)
	39.2774
	-72.1831
	13:00
	CR
	whale
	Balaenopteridae
	1
	805
	215°
	tail and splash, 3 sightings
	ON
	

	66
	5/28/2010
(148)
	39.2587
	-72.2053
	13:20
	CR
	Pilot (?) Whale
	Globicephala
	1
	402
	190° – 200°
	dorsal and splash – body out 3 splashes
	ON
	Pilot Whale?

	67
	5/28/2010
(148)
	39.2494
	-72.2160
	13:30
	CR
	Pilot Whale
	Globicephala
	1
	402
	320°
	2 splashes
	ON
	

	68
	5/28/2010
(148)
	39.2395
	-72.2280
	13:41
	CF
	False Killer Whale
	Pseudorca crassidens
	1
	805
	240°
	big blow, then front of black body out of water, then dive
	ON
	similar in shape to killer whale without white markings, for distance observed too large to be dolphin or porpoise but similar silhouette, no bulge in head like Pilot Whale

	69
	5/28/2010
(148)
	39.2395
	-72.2280
	13:41
	CR
	whale
	Balaenopteridae
	1
	1609
	170°
	4 + blows, saw fluke
	ON
	

	70
	5/28/2010
(148)
	39.2313
	-72.2380
	13:50
	CR
	whale
	Balaenopteridae
	1
	1609
	130°
	blow
	ON
	

	71
	5/28/2010
(148)
	39.2134
	-72.2589
	14:10
	CR
	Risso (?) Dolphin
	Grampus griseus
	1
	1609
	30°
	splash and back
	ON
	

	72
	5/28/2010
(148)
	39.1889
	-72.2889
	14:40
	CR
	whale
	Balaenopteridae
	1
	185
	125°
	huge splash
	OFF
	

	73
	5/28/2010
(148)
	39.1990
	-72.4135
	15:41
	CF
	Humpback Whale
	Megaptera noveangliae
	1
	402
	0°
	breaching
	n/a
	Humpback breaching along a current that is running approximately N-S, increasing in distance from boat, caught on the FLIR camera, at least 14 breaches down this water current by 3:48 PM local time.  No gear in water.








