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Project Summary

This work represents a continuation and evolution of projects conducted since 2004 under RSA
funding and NMFS contracts. These projects, besides developing sea turtle excluder gear, have
advanced the ability to locate, track and observe loggerhead sea turtles (Carretta carreta)
through innovative use of dredge and ROV mounted video cameras and side-scan sonar. The
project continues the observing and cataloguing loggerhead distributions and behavior and
includes an oceanographic component which | assesses ideas regarding the factors that govern
sea turtle distributions and behavior in the Mid-Atlantic Bight (MAB) shelf region. While past
studies have focused mainly on sea surface temperature and bathymetry as controlling and/or
predictive factors (e.g. Hawkes et al., 2007; Murray, 2007), we postulate that on timescales of
days to weeks, sea turtle “hot spots” are more closely tied to the geography of oceanographic
fronts associated with salinity and chlorophyll gradients driven by wind stress and buoyancy
(density) contrasts. These linkages were investigated by conducting regional hydrographic
surveys with shipboard CTD (conductivity/ temperature/ depth), fluorometer and ADCP
(Acoustic Doppler Current Profiler) measurements in conjunction with sea turtle sighting and
video tracking surveys. We have also added an aerial survey component to sight loggerheads in
conjunction with the oceanographic surveys.

The field program, which is now completed, was carried out in four separate weeks of the 2009
turtle season and employed two vessels. Both vessels conducted turtle sighting surveys for the
duration of field operations. The first vessel was equipped with a Benthos Teledyne Stingray
ROV system. Its primary tasks involved tracking, observing and filming loggerhead turtles to
elucidate their in situ behaviors (e.g. feeding, diving, and breathing). The second vessel
separately carried out a hydrographic survey consisting of CTD and ADCP casts at spacing
which is appropriate to map the regional temperature, salinity, density and velocity fields
shoreward of the shelf/slope break. At discrete intervals, the water column was sampled for
biological species composition (i.e. what the turtles are eating) in order to assess covariance with
oceanographic properties. The ROV has been found to be an excellent tool for assessing the
location and quantity of sea turtle prey species in the water column and on the sea floor. In
addition, we placed satellite tracking tags on two juvenile loggerheads that transmitted position,
time, depth, and temperature data.

In the analysis phase which is now underway, maps of oceanographic properties (temperature,
salinity, density, velocity and chlorophyll), turtle distributions and biology assemblages will be
constructed to assess linkages amongst them (i.e. where the turtles are and are not in relation to
primary productivity, distinct water masses and frontal features). Remotely sensed properties
spanning the period of field operations (ocean surface winds from QuikSCAT plus sea surface
temperature and chlorophyll-a from SeaWiFS and/or MODIS-Aqua satellite products) will be
utilized to provide larger scale physical context for the in situ observations. This will include
characterizing the wind conditions that influence the observed ocean property distributions (e.g.
horizontal gradients and vertical stratification) and assessing the relationship between remotely
sensed chlorophyll concentrations and ocean salinity/density distributions. If spatial and
temporal relationships between turtles and these oceanographic properties can be identified, then
remotely sensed winds and sea color (chlorophyll) have the potential to provide a basis for
modeling and predicting loggerhead “hot spots” on the fishing grounds.



Take Summary for Project:

Kathy Ann 2009-3 18 ROV takes
Kathy Ann 2009-5 2 Tagging takes
Kathy Ann 2009-6 5 ROV takes

Financial Summary (Note: Analysis and publication writing still underway so expenses are not
final):

Date Description Amount | Scallops
pounds

6/11/2009|F/V Araho $24,872.16 22531
6/26/2009 F/V Celtic $24,206.10 21662
6/29/2009|F/V Generation $27,309.14 22198
7/6/2009 |F/V Kathy Ann $27,613.16 21570
7/17/2009 | F/V Generation $26,958.48 21818
8/13/2009|F/V Kathy Ann $33,635.98 23183
Total: $164,595.02 132962

Less Expenses: $214,803.04

Balance: -$50,208.02

Introduction

In 2007, a remotely operated vehicle (ROV) was introduced into the research program. With
video equipment mounted on the ROV, efforts were directed toward observing turtles in the
water column and on the sea floor. In 2007, more than two dozen turtles were recorded at or near
the surface, although none on the sea bottom; but operational difficulties with the ROV impaired
the ability to acquire video footage of those turtle sightings. Working with the ROV contractors,
improvements were made to the vehicle and operational procedures which greatly enhanced its
maneuverability and control characteristics. These were successfully tested and utilized in June
2008, August 2008, June 2009, and July 2009. During these trips, over 200 turtles were
observed from the vessel and over 50 tracked with the ROV, capturing their feeding, diving,
swimming, and social behaviors. Analysis of that video footage is now providing novel insights
into sea turtle behaviors: e.g. the depth ranges occupied, frequency of surfacing, feeding
behaviors and prey species, shark and predator avoidance, intra-species behaviors, and much
more. A number of turtles have been followed to the bottom to depths of 60 m and water
temperatures of 7.5° C, remaining in excess of 30 minutes without exhibiting visible signs of
stress. Turtles were also observed to be feeding on jellyfish in the water column and benthic
crustaceans on the sea bed. The ROV has also been towed behind actively fishing scallop
vessels and have physically encountered a turtle at 10 m depth in the discard stream of a
scalloper. These methods, which we continue to improve and refine, will constitute the basis for
observations of sea turtles in 2010.

In 2009 oceanographic sampling from a second vessel was incorporated into this project design.
Oceanographic and plankton stations were occupied on a series of cross-shelf transects. To
correlate oceanographic data with turtle distributions a spotter aircraft was hired with a trained



pilot and a second trained observer, which flew four times over each of eight transects (32 runs)
recording more than 200 turtle sightings. This was intended to provide a presence/absence survey
of turtles, as opposed to a detailed species assessment. The first survey, conducted in July and
discussed below, established that sea turtle distributions at that time of year were strongly
associated with the geography of the “cold pool” — a highly oxygenated water mass of
temperatures 6-10°C that originates further north on the Scotian Shelf (Houghton et al., 1982).
The ROV video confirmed that loggerheads were bottom feeding on crabs and mollusks in those
waters, spending as much as 30 minutes in a single dive, and using the warm surface waters (20-
22°C) to adjust their body temperature between dives. A second survey was conducted in
September that repeated the July surveys. Having demonstrated success in acquiring these
various data and their value as a means of establishing a factual basis for understanding sea turtle
ecology, we anticipate learning and documenting a great deal of new information, e.g. about
variability in turtle distributions and behavior on monthly timescales, and the role of ocean
currents in determining that variability.

Methods

The project conducted four separate 1-week surveys of sea turtles (ROV) and oceanography
during the 2010 summer season (two were conducted on July 7-15; one September 10-15; and
one September 19-25). A fifth trip (August 22-25) was utilized to capture and tag two sea
turtles. Two commercial vessels were utilized, one to operate the ROV and the other to conduct
hydrographic sampling. Both vessels conducted turtle sighting transects in addition to these
operations. The ROV vessel on each trip proceeded to an area of reported turtle sightings on the
scalloping grounds to conduct operations; the hydrographic vessel occupied predetermined
oceanographic stations. During the oceanographic trips, aerial surveys were conducted to log the
location of sea turtles.

The ROV vessel, equipped with video camera, sonar, and a time-depth-temperature sensor,
acquired and followed individual turtles, recording behaviors associated with breathing, feeding,
swimming and location in the water column. The video and data recordings are still being
analyzed to address the questions listed above.

CR Environmental, Inc. (CRE) of Falmouth, MA, an ecological and oceanographic consulting
firm, provided technical support to Coonamessett Farm Foundation (CFF) in the collection of
physical oceanographic measurements and biology. For this study, CRE provided oceanographic
equipment, rig the scallop vessel for profiling operations, and assist Coonamessett Farm
scientists with the CTD/ current profiling, zooplankton tows, initial data processing and quality
assessment of the oceanographic data. CRE outfitted one of the vessel’s boom mounted
Pullmaster winches with a 500 ft length of 3/8” Sampson braid line and suspended a sheave from
the boom to raise and lower the CTD and current meter cage. The winch is capable of 100 ft per
minute. CTD profiling was performed with a Seabird Electronics Seacat Model SBE 19 CTD.
The Seacat CTD has standard conductivity, temperature, and pressure sensors. In addition, the
Seacat is outfitted with a Turner Designs Cyclops Fluorometer for in sifu measurements of
chlorophyll-a. During the CTD profile, data was stored internally and downloaded during transit
to the next station.



Hydrographic survey lines were conducted between the shelf break (200 m isobath) and the 10 m
isobath, perpendicular to bathymetric contours and crossing both the inshore and shelf-break jets.
Three times each day, a profile of water samples was acquired with Niskin bottles to calibrate the
fluorometer. A known volume of water was filtered and the samples were frozen for analysis of

chlorophyll concentration onshore at Woods Hole Oceanographic Institution.

At selected CTD stations, plankton tows were also be performed with 60 cm paired bongo nets
for two replicate samples at each station. The purpose of the sampling is to acquire an
assessment of the water column organisms available for foraging by loggerhead turtles, and to
determine if the biological community is different in areas where turtles are observed compared
to areas where they are not observed. Nets were towed slowly (~1.6 knots) to maintain a 45
degree angle of the towing warp, and were fished to a maximum depth of ~100 meters or within
2 meters of the bottom in depths less than 100 meters. Onboard, the net content was transferred
to trays, photographed and the classes of organisms identified and numbers noted for larger
macro-invertebrates that can be hand sorted. The settled volume was be measured for the
remaining zooplankton. Type specimens from the qualitative sampling and the six remaining
replicates were be preserved for onshore analysis. The assessment of the bongo net tows will
include quantitative sub-sampling, and identification of zooplankton (i.e. all adult copepods,
cladocera, mysiids, eupausids, ctenophores, etc.) to species level whenever possible.

The hydrographic surveys will produce 3-dimensional maps of temperature, salinity, density,
velocity and chlorophyll concentrations which will be analyzed with respect to positions of sea
turtles that are sighted and logged. The T-S characteristics will be used to distinguish regional
water masses and their origins (i.e. slope water, Gulf Stream water, coastal waters, and cold pool
waters). Particular focus will be placed on assessing turtle distributions with respect to:

* temperature- salinity -chlorophyll (T-S-C) relationships,

* density-velocity-chlorophyll frontal zones and boundaries,
* presence of Sargassum communities,

* water column species composition.

The goal is to identify the characteristics (T-S-C, ocean currents, availability of particular food
species) that govern where turtles are found — and where they are not found — on synoptic
timescales and at various phases of the seasonal cycle (the latter as our timeline of measurements
continues). In addition to in situ measurements, remotely sensed data (from MODIS-Aqua) will
be incorporated into the analysis. Our hypothesis is of a strong link between water mass
distributions, frontal jets and sea turtle behavior and ecology. We anticipate that each survey
will provide adequate information to test this hypothesis, and that the details of these linkages
will vary from month-to-month (and perhaps interannually as well). Satellite chlorophyll maps
exhibit large regional changes between early and late summer, and the properties of the cold pool
evolve on monthly timescales. Acquiring these synoptic observational datasets is, in our opinion,
the best way to build a factual understanding of the range and breadth of variability that
influences sea turtle ecology.

Flight operations were incorporated into our research plan. We followed the general strategy of
flying transects in conjunction with the oceanographic work.



Both survey vessels involved in this project maintained a record of commercial scallop vessel
fishing activity while at sea. Additional data will be acquired from NMFS based on their Vessel
Monitoring System (VMS) upon the completion of the project final scientific results to
determine any relationship between scallop fishing effort and turtle presence.

Results

The postulated link between turtle distributions and oceanography is supported by CFF’s most
recent work on the MAB shelf. A hydrographic survey was conducted July 7-12 aboard the F/V
Diligence utilizing a CTD, fluorometer and ADCP (compass problems rendered the velocity data
unusable for that trip). Along six lines (B-E, G and H) crossing the shelf between the 20 and 100
meter isobaths (Fig. 1), 56 stations were occupied at nominal 10 km spacing. Underway
sampling of surface temperature and salinity was accomplished by continuously pumping water
through a small holding tank containing a second CTD. At 3 stations along transect B, plankton
tows were conducted with 60-cm paired bongo nets to assess biomass and species assemblages.
Over the sampling period, aerial surveys of turtles were conducted along 8 transects (A-H) from
shore to the shelf break. Aboard the F/V Kathy Ann, ROV and video operations were
simultaneously undertaken. Figure 1 shows the aerial and shipboard tracklines with respect to
bathymetry and locations of sea turtle sightings.

Figure 2 depicts the surveys and turtles relative to satellite-derived maps of chlorophyll-a and sea
surface temperature (SST) for the period of field operations, plus shipboard measurements of
salinity at the sea surface and seafloor. Turtles were concentrated in a broad band where seafloor
depths ranged 30 — 60 m. Of ~270 sightings, none occurred seaward of the 70m contour, and <
10 were shoreward of the 30 m contour. Chlorophyll exhibited strong cross-shelf gradients: < 0.4
mg/m’ along the offshore edge to values > 10 mg/m’ inshore of 10 m. Turtles were distributed
almost exclusively in regions for which surface chlorophyll was in the range 0.4 — 1.0 mg/m3:
fewer than 10 turtles occupied regions where chlorophyll exceeded 1.0 mg/m® and none where
chlorophyll > 2.0 mg/m’. SST and SSS exhibited little cross-shelf structure or obvious relations
to the turtle sightings, except that no turtles were found where SSS > 34 psu — which was always
offshore of the 70 m isobath. SST was in the range 19-22°C everywhere across the survey
region; salinity ranged from < 30 psu inshore to > 35 psu near the edge of the shelf throughout
the water column. Below the seasonal thermocline, salinity exhibited a more structured and
monotonic cross-shelf gradient.

Although turtle distributions could be characterized as broadly aligned with bathymetry and
surface chlorophyll, a more compelling association is the presence or absence of a particular
subsurface water mass — known as the “cold pool” — identified by the yellow colors in the bottom
salinity map (Fig 2D). Three distinct water masses were evident in sections of temperature,
salinity and chlorophyll (Fig. 3), each with separate origins and T-S characteristics (Fig. 4):

*  Warm, fresh waters (T > 10°C, S < 32 psu) occupied the upper water column (to 20 m)
with shoreward intensification. These waters are strongly influenced by continental
runoff from coastal estuaries along the shelf and are generally associated with strong
frontal regions and alongshore currents.



e Warm, saline waters (T > 10°C, S > 34 psu), commonly known as “slope waters”,
originate in the region between the continental slope and Gulf Stream, and intruded onto
the offshore side of the shelf.

* The “cold pool” (6 - 10°C, 32.5-33.5 psu, red boxes in Fig. 4) occupied the mid-shelf
region below 20 m. These waters originated to the north on the Scotian Shelf and were
advected to the MAB shelf with a travel time of approximately 3-4 months (Houghton et
al., 1982). Having been ventilated in winter, they are enriched in oxygen and are well-
mixed with moderate levels of nutrients.

The close association between turtles and the location of the cold pool is exceptionally clear (Fig.
2D and Fig. 4). The presence of cold pool waters virtually guaranteed that turtles were sighted
regardless of how fresh the surface layers were. However, turtles were distinctly absent in places
where saline waters (> 34 psu) intruded onto the shelf —even in a few places where cold pool
waters were situated beneath the salty intrusions (e.g. stations 3 and 21, Fig 3).

ROV Results

Trip: Kathyann-2009-3

(TC = Time Code from ROV video display, not actual time)
743 — Summary

T43 was observed feeding on hermit crabs 8 times and a rock crab once during a single 20-
minute dive to the seafloor at a depth of 57 meters (figure 13 thru 20). The turtle actively chased
crabs on several occasions and spent more time actively swimming along the seafloor in search
of prey than other turtles observed. The turtle feed approximately once every minute.

The bottom characteristics included large pieces of sulfur sponge, scallop shell, clam shell,
anemones, and live sea scallops. On three occasions during its search on the seafloor; T43 spent
a few second inspecting the area underneath pieces of sulfur sponge in search of prey. On At TC
3:45:39 the turtle was observed capturing and feeding on a large crab as shown in figure 21.
Visual of T43 was lost during its ascent from the seafloor at TC 3:51:22.

T59- Initial Behavior

T59 was acquired by the ROV at TC 1:18:16 within 1 meter of the surface. The turtle had heavy
algal growth on parts of its carapace (figure 22). T59 never showed any signs of apprehension of
the ROV’s presence, however it was spooked by the vessel on one occasion. Around TC 2:11
the turtle began to act normally swimming slowly east at 1-3 meters until its first dive to the
seafloor.



T59 —Dive #1

T59 began its first pre-dive at TC 2:21:10 directly next to a discarded scallop glove floating on
the surface (figure 23). It was never observed in contact with the glove or attempting to feed on
the glove. At TC 2:24:46 it begins its first dive to the seafloor. At 22 meters it becomes
negatively buoyant and speeds increases dramatically at 32 meters at which point the ROV
temporarily lost visual of the turtle.

The turtle was reacquired walking on the seafloor towards the ROV at a depth of 51 meters (TC
2:30:10) (figure 26). The water temperature at this depth was 7.5 C. The bottom characteristics
at this location included: small starfish, many sand dollars, sulfur sponge, cut scallop shells, live
scallops, and flat sand. At TC 2:30:50, T59 is first observed feeding on the seafloor (figure 27).
This prey as well as the prey during the rest of the dive was not identifiable due to its small size
and the camera’s distance from the turtle. However, on several occasions it appears that the
turtle was chasing and feeding on small hermit crabs. It often feed directly next to large pieces
of sulfur sponge, perhaps where the crabs were hiding. The turtle rarely spends more than a few
seconds feeding on a single crab, often ingesting it as it continues searching for the next prey.
While foraging the turtle can be seen ingesting copious amount of sand along with its prey. It
fed or attempted to feed on average at least once every 30 — 60 seconds, often only taking a few
steps before feeding again. In total it was observed feeding or attempting to feed 35 times during
dive 1. The turtle often missed or had to chase it’s prey down on 5 feeding attempts. It showed
no interest in red hake, small scallops, or skate egg cases all of which is swam directly over in
several instances. T59 was last observed feeding during dive one at TC 2:47:34. Bottom
temperature at this depth

At TC 2:49:31, T59 begins its ascent immediately after searching around several pieces of sulfur
sponge. The ascent begins slowly but directly upwards, taking several power strokes to initiate
(figure 28). The ROV lost the turtle as it picked up speed at 46 meters at TC 2:49:50, but
regained it at TC 2:57:10 when the turtle was swimming at 1meter. The turtle then begins
swimming slowly east again at one meter, taking a breath at TC 3:13:14.

759 — Dive #2

After swimming east at a depth of 3 meters for almost an hour, T59 surfaces and starts pre-dive
#2 next to a piece of sargassum weed (figure 30). Dive 2 begins at TC 3:52:20 (figure 31).
Within 30 seconds T59 reaches 10 meters and starts to slow its stroke rate at 20 meters (TC
3:53:23) then becoming completely negatively buoyant at 30 meters (TC 3:54:00) (figure 32)
and rapidly picking up speed at 40 meters. It is observed coming in for a landing on the seafloor
at TC 3:54:42 (figure 33).

The bottom characteristics, depth, and water temperature during dive 2 were the same as during
the previous dive. Feeding behavior was also similar as with that previously observed with T59.
The turtle was observed feeding or attempting to feed 41 times while on the seafloor. Visual was
lost due to a short tether at TC 4:28:00 while the turtle was still foraging on the seafloor. It was



reacquired at TC 4:37:47 swimming | meter below the surface, again heading towards the east.
At TC 4:44:30 it is observed taking a breath.

T59 — Dive #3

T59 engages in the typical pre-dive behavior for the 3™ time at TC 5:37:40 (figure 38). Dive #3
begins at TC 5:40:40 (figure 39), reaching 10 meters at 5:41:16. This time the turtle starts to
become negatively buoyant at 15 meters (figure 40) and picks up speed at 25 meters. It reaches
30 meters at TC 5:42:20 and visual is lost at 40 meters. The turtle is soon found feeding on the
bottom at TC 5:44:12, at a depth of 49 meters.

The same bottom features, temperature, and foraging behavior is repeated again during dive 3. It
feeds or attempts to feed 49 times during dive 3. T59 swims directly over 3 different scallops
without showing interest. At TC 6:14:07 it begins the ascent back to the surface (figure 43) but is
soon lost by the ROV at 40 meters. It is reacquired at TC 6:15:25 at 23 meters. It does not
appear to be in a rush to reach the surface, instead floating up the last 7 meters without taking a
stroke.

At TC 6:17:33 it reaches the surface and floats motionless until TC 6:22:06 (figure 45) taking
breaths approximately every 30 seconds. At the end of this post dive behavior, it again starts
swimming at a depth of 0-3 meters heading to the east taking a quick breath every 5 — 10
minutes.

T59 — Dive #4

The pre-dive for dive #4 starts at TC 6:47:43 (figure 46) with the dive starting at TC 6:53:29
(figure 47). It reaches 10 meters at 6:54:06, 20 meters at 6:54:43, 30 meters at 6:55:20 where it
becomes negatively buoyant (figure 48), dramatically picks up speed starting at 37 meters and
reaches the bottom at TC 6:55:50 where the depth is 50 meters (figure 49).

Again, bottom characteristics and general foraging behavior is similar for this dive as the
previous 3. Although the turtle seems to miss its prey more often, requiring it to put more energy
in chasing down prey. It also occasionally mistakes non-prey animals (sponge, sea urchin, shell)
initially, as prey but does not consume them. It encounters sea scallops 4 times without showing
any interest. It also spooks a skate without attempting to feed on it. In total it feeds 43 times
while on the bottom during dive 4.

It begins the ascent from this dive at TC 7:33:50 (figure 43). It is lost at 40 meters as it gained
speed. It is reacquired just below the surface at TC 7:37:52. It goes into a post dive behavior at
7:38:00, floating motionless on the surface until 7:39:28 when it begins swimming east at 1 -2
meters.

1759 — Jellyfish

After Dive #4, T59 slowly swims east at 1-2 meters taking breaths approximately every 5
minutes. At TC 7:58:00 T59 suddenly looks down and glides to 5 m to eat a single small white



jellyfish (figure 60) at TC 7:58:17. The entire jellyfish is consumed immediately and the turtle
quickly returns to swimming east at 1-2 meters. Until this point no jellyfish had been observed
in the water column.

The turtle surfaces at TC 8:08:43 to take breaths until 8:09:17 when it takes a sharp angle dive
(much like when diving to the seafloor) then glides to another jellyfish, a single small lion’s
mane (figure 61), at a depth of 1 meter. It appears to be prepared to eat the jellyfish that is
directly in front of it, however it then glides past it and returns to swimming eastward at 1 meter.
At TC 8:31:42 the turtle passes by another jellyfish like the one it had consumed previously.

T59 - Dive #5 62 - 68

The pre-dive for T59’s fifth dive to the seafloor began at TC 9:18:29 and lasted until TC 9:22:10
when it began diving to the seafloor (figure 62 and 63). The turtle reaches 10 meters at TC

9:22:41, 20 meters at TC 9:23:15, began its dive at 28 meters, made 30 meters at TC 9:23:54, 40
meters at TC 9:24:18, and lands on the bottom 53 meters deep at TC 9:24:36 (figures 64 and 65).

The bottom characteristics and water temperature were similar to that of previous dives. The
turtle’s feeding behavior was also similar. It was observed feeding 20 times before visual was
lost at TC 9:41:20. T59 missed one hermit crab 4 times before finally chasing it down and eating
it. The turtle was also observed investigating under shells, sulfur sponge, and starfish but not
attempting to eat them. The ROV lost the turtle while on the seafloor because of being pulled
away by the vessel. T59 was not observed again after this point.

Trip: Kathyann-2009-6

13 - Summary

Kathyann-2009-6-T3 was initially sighted on 6/12/2009 at 12:33, 60 meters from the vessel at
position 3820.5 7406.8 where the depth was 58 meters and water temperature 23.1 C with partly
cloudy skies and seas of 1-2 meters. T3’s sighting occurred 13 minutes after loosing ROV
contact with T2. No fish were observed associated with T3 as had been with T2. Small pieces
of sargassum weed and other debris were observed around T3. Two other turtles, T4 and T3,
were sighted while tracking T3. T3 was observed briefly interacting with T5.

The turtle was acquired by the ROV at time code 2:29:56 (approximately 12:46 EST) and lost at
TC 6:34:30 (approximately 16:30 EST) for a total tracking time of approximately 4 hours.
During the tracking time T3 was observed diving to seafloor 3 times, feeding on a sea scallops 9
times, and interacting with other turtles on 2 occasions. The longest observed bottom time with
the turtle was during dive #1 of approximately 30 minutes at a depth of 65 m and a temperature
of 11.5 C.

The carapace had some small barnacle growth on the marginal scutes and down the middle of the
vertebral scutes with little or no algal growth. No obvious injuries were observed on T3,
although a discoloration of the carapace near the left fore flipper as well as an unsymmetrical
stroke that favored the left fore flipper were noted. T3’s tail extended slightly beyond the
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carapace, however not enough to make to make a definitive determination of sex or maturity
(figure 88). A size estimate was not obtained although comparison side by side to the ROV could
be possible from photos taken from the masthead.

T3 - Initial Behavior

T3 was first acquired by the ROV 1 meter below the surface along with multiple small pieces of
sargassum floating under the surface (figure 89). The water column was also full of macro
particles. The turtle was facing away from the in a southerly direction as the ROV approached.
T3 then slowly dove to 12 meters (TC 2:30:00 — TC 2:31:31) while eyeing the ROV. Then after
reaching 12 meters, slowly swam back towards the surface (TC 2:32:00 - TC 2:38:40) During
this dive the turtle occasionally does a kick with its left rear flipper and a “scratching stroke”
with its left fore flipper. Its stroke is unsymmetrical, using only its right fore flipper and left hind
flipper (figure 86). Turtle seems to favor the left fore flipper, and when using both fore flipper
doesn’t take full power stroke with left flipper. Some bubbles can be seen slowly coming from
its mouth as it surfaced the first time. That the turtle appeared initially to be cautious of the ROV
was signified by its constant attempt to keep the ROV within its field of view. The ROV was
following directly behind the turtle at a distance of approximately 3-5 meters. The turtle’s first
breath recorded with the ROV was taken at TC 2:38:40.

Turtle begins to accept the ROV and behavior normally around TC 3:00:00. At this time is starts
to maintain a constant northeast heading and constant depth of >1 meter below the surface,
taking frequent breaths (approximately every 45 seconds), and slow steady stroke rate. After this
introductory time, the ROV is following directly behind the turtles at a distance of 1 - 4 meters
without the turtle seeming to pay attention to its presence.

T3 - Dive #1

At TC 3:25:14, T3 begins its pre-dive behavior (figure 70), floating on the surface with the top of
its carapace above the water surface, taking frequent breaths, with slow treading water or
sculling strokes. This behavior has been observed during previous turtles before doing dives to
the seafloor. The pre-dive behavior usually lasts 5-10 minutes, in this case approximately 6.5
minutes, before going directly into a dive to the seafloor.

At TC 3:31:56, T3 begins its dive to the seafloor (figure 71). The dive angle is steep and stroke
rate rapid power strokes. Unlike other turtle, it uses its hind flippers in addition to its fore
flippers. The stroke rate slows dramatically around 20 meters and continues to slow until 35 -40
meters when it becomes negatively buoyant (figure 72). At 40 meters it no longer takes strokes
and its decent speed increases enough that the ROV has trouble keeping up. The turtle is
momentarily lost the last 5 meters but immediately reacquired on the seafloor at a depth of 65
meters. At TC 3:34:31, the ROV has the turtle lying still on the seafloor facing away from the
ROV (figure 73). The turtle may have been feeding immediately upon arriving on the bottom.
The bottom temperature logged at this point was 11.5C.

At TC 3:35:16 the turtle starts to walk along the bottom. Its head orientation and movement
suggesting it is foraging for prey. The ROV follows the turtle at a distance of 1-2 meters. At TC
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3:36:18 it turns quickly and attempts to eat a sea scallop, which immediately swims away and
escapes the turtle. It appears to have visually picked out the scallop (which was not initially
visible to the camera). It takes the turtle a few seconds to realize the scallop is no longer there. It
then continues on in search of prey with the ROV following alongside 1 meter away. At TC
3:36:52 the turtle stops to eat, although that can’t be confirmed due to the camera angle and poor
visibility. There are several sea anomies around the immediate vicinity of the turtle.

At 3:37:23 the turtle is observed feeding on a sea scallop. A red hake is directly next to the turtle
as it feeds on the scallop. It uses its fore flippers to pull the viscera off the shell and appears to
ingest much sand while feeding on it. It is done eating the scallop at TC 3:41:35 and
immediately continues to walk along the seafloor for a distance of >1 meter before starting to
feed briefly on an unknown prey at TC 3:41:39. It then walks another meter and feeds again on
another scallop from TC 3:42:29 until TC 3:45:58. At 3:46:05 it attempts to eat another scallop
but doesn’t appear to crack the shell. TC 3:46:58 it quickly bites at another prey and continues
along the seafloor.

At 3:47:28 it runs into the ROV’s tether and seems to attempt to bite it or something near it. It
continues to forage with the tether caught on its carapace until 3:48:06 when the tether comes off
the turtle. It did not appear to pay much attention to the tether or ROV. At 3:49:15 after not
finding prey for almost a minute, it starts to walk/swim and pick up speed along the bottom. At
3:49:39 it finds and eats another scallop until 3:51:44. When it is in search for prey the turtle
moves on an erratic heading moving its head back and forth and quickly turning when it spots
prey. It finds the 6™ scallop at TC 3:52:28 and feeds on it until TC 3:54:37. The 7" scallop is
found 1 meter away at TC 3:54:46 but the scallop swims away and escapes at TC 3:55:02 as the
turtle dropped it while trying to break the shell. After loosing the last scallop T3 then starts to
ascend to the surface at TC 3:55:23 (figure 76).

The ROV looses the turtle on the way up at TC 3:55:38 because of its rapid ascent, but recovers
it at TC 4:00:04 when the turtle is at depth of 2 meters and swimming slowly down. It is
followed down to a depth of 25 meters at TC 4:03:10 where it swims with the slow
unsymmetrical stroke as before. At TC 4:03:20 it begins slowly swimming upwards. It is
temporarily lost again at TC 4:06:32 while at a depth of 15 meters. The turtle is then recovered
floating on the surface at TC 4:15:54.

T3 - Dive #2

Starting at TC 4:16:43, T3 resumes swimming towards the northeast a 1 meter or less taking
slow unsymmetrical strokes and not using its left fore flipper. At TC 4:21:16 the turtle surfaces
and once again displays typical pre-dive behavior. While in pre-dive mode, the turtle defecates
several times starting at TC 4:23:58. It remains oriented to the northeast the entire time. Its next
dive begins at TC 4:30:53.

The turtle again becomes negatively buoyant at 35 — 40 meters. Water clarity decreases
dramatically around the same depth. It is lost at TC 4:32:32 at a depth of 45 meters due to its
increased speed and the ROV’s inability to keep up. Depth at this dive location was 70 meters
with a bottom temperature of 11.5 C. The ROV searches for the turtle on the bottom until TC
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4:38:10 without success, then returns to the surface. It recovers the turtle floating on the surface
at TC

During the tracking time T3 was observed (diving to seafloor how many times, eating scallops
how many times, socializing). The carapace had some small barnacle growth on the marginal
scutes and down the middle of the vertebral scutes with little or no algal growth nor injuries.

The turtle’s tail extend slightly beyond the carapace but not enough to make a definitive
determination as to being a mature male (figure ). A size estimate was not obtained although
comparison side by side to the ROV could be possible from photos taken from the masthead.

T3- Social Interactions with T4 and T5

When reacquired at TC 5:06:13, T3 was floating just under the surface facing the ROV. As the
ROV approached the turtle slowly turn side ways while floating beneath the surface taking slow
treading strokes. During this time the ROV followed behind or to the side of the turtle at a
distance of approximately 1-3 meters. Many small pieces of sargassum were seen scattered and
floating on the surface around the turtle. At TC 5:20:58, with the ROV 2 meters behind and less
than 1 meter below the surface, T3 suddenly turns its carapace away from the ROV (showing its
plastron) and looking away from the ROV as if it had perceived a threat coming from ahead.
Around this time T4 had been spotted from the masthead 100 meters away from the turtle. No
direct contact nor close proximity between the turtles was observed. It then does a complete 360
degree turn while on its side. It then quickly returned to floating below the surface.

At TC 6:00:26 T3 starts to float on the surface with its carapace out while doing slow treading
down strokes and taking frequent breaths. After 4 minutes of this behavior it stops taking any
strokes and floats motionless with all 4 flippers dangling outwards. This “surface basking”
behavior has been observed previously with several other turtles prior to diving to the seafloor.
However this turtle does something different at TC 6:04:03, it tucks its fore flippers onto the
carapace and cups it hind flippers while floating on the surface (figure 90). After 40 seconds of
this behavior it starts to swim forward just using its hind flippers while keeping its fore flippers
tucked onto the carapace for about 30 seconds. During this time the turtle appears to be looking
downward, perhaps at the other turtle, T5. It then takes a breath while (facing directly towards
the ROV for the first time) and starts what appears to be a deep dive but instead starts looking
around below it while oriented downward.

At this point the ROV spots another turtle (T5) swimming below at approximately 5 meters deep
and 15 meters away from T3. At TC 6:04:56, T3 starts swimming down towards T5. At TC
6:05:16, the two turtle are recorded directly interacting with each at a depth of 5 meters for about
30 seconds (figure 91). During this time T3 was facing TS5 with almost direct contact while T3
was swimming in circles with its carapace oriented towards T5. T3 appears to be a larger turtle
than T5. A TC 6:05:50 the two turtles swim in opposite directions with T3 slowly returning to
the surface where the ROV remains tracking it. T3 is not seen again after this interaction. As T3
returns to the surface it again does the cupping with its hind flippers and tucking of its fore
flippers. This flipper tucking behavior is observed again on several occasions during the rest of
the tracking of T3.
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Upon returning to the surface (TC 6:07:25) the turtle briefly takes a breath then floats with
minimal movements less than 1 meter below the surface.

T3 - Dive #3

At TC 6:12:20, T3 starts basking on the surface with the top of its carapace above the waterline
while taking breaths every 30 seconds. During this time, T3 again does the cupping behavior
with its hind flippers. The turtle seems to become more buoyant with each breath causing more
of its carapace to be exposed out of the water while facing north. At TC 6:16:26 T3 began its
dive to the seafloor suddenly with rapid power strokes and a steep dive angle. The turtle took
rapid strokes with its left hind flipper as well, unlike other turtles that only stroked with only the
fore flippers. Because of its rapid and sudden descent, the ROV was T3 lost during the dive
while the ROV was at 5 meters at TC 6:17:00

The ROV continued to the seafloor without visual of the turtle. At TC 6:19:40, the ROV reached
the seafloor at 70 meters. The bottom consisted of a large number of both starfish and sea
scallops, fourspot flounder, red hake, shell, crabs, flat sand, anemones, and shell hash. There
was low ambient light, so the ROV’s lights had to be used. Poor visibility due to large amounts
of “ocean snow” in the water caused backscattering from the lights and thus added to the poor
visibility. Using the BlueView sonar while searching along the bottom, T3 was reacquired
walking along the bottom towards the ROV at TC 6:24:16 from a distance of 2-3 meters.

T3 is recorded feeding on a sea scallop at TC 6:25:41 until 6:26:15. The turtle cracks open the
scallop then pulls the shell off with its fore flippers and consumes the viscera. T3 begins
walking along the bottom and searching for more prey immediately after finishing the scallop. At
6:28:21 T3 begins swimming with its fore flippers while walking with its hind flippers.

At TC 6:30:17 the turtle is recorded feeding on another sea scallop (figure 85). The turtle seems
to initially have trouble cracking the scallop shell and maneuvers the scallop with its mouth to a
position to best crack it. At TC 6:31:35 the turtle can be seen eating the scallop, but more detail
was not recorded because of the ROV position and poor lighting. At TC 6:32:08 the turtle had
finished eating the scallop and immediately continues searching for more food. It walks directly
over a scallop without any change in behavior.

At TC 6:33:28 the turtle stops and head movements suggest that it was feeding; however the
ROV’s position did not allow a visual on its prey. The turtle is lost while feeding on the seafloor
at TC 6:34:30 due to the ROV being pulled back away from the turtle by the tether. Visual on
the bottom was not recovered and the ROV began its return to the surface at TC 6:39:10. T3 was
spotted from the masthead at 16:55 while the ROV was still returning to the surface. This was
the last sighting of T3 at position 38-20.7, 7405.2 where the water depth was 70 meters and
surface temperature 23.4 C.
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T124:T25:7T26 - Summary

T24 was first sighted with T25 300 meters from the vessel engaged in the flipper slap social
behavior observed during previous trips. The turtles were spotted at 13:01 on Monday
September 14 on the surface 300 meters from the vessel approximately 15 minutes after the last
sighting of T23. The sighting of T24 and T25 occurred at the position 38-43.7, 73-40.3 where
the water depth was 59.5 meters and surface temperature was 23.3 C. This was also the last
reported position of one of our satellite tagged turtles.

The ROV briefly recorded T24 & T25 together. T25 swam away as T24 dove and was not seen
again after 20 seconds of recording. T24 was tracked afterward by the ROV for a total of 1 hour
25 minutes. T24 did not appear comfortable with the ROV’s presence for the first 45 minutes.
During the first 45 minutes of tracking, T24’s behavior seemed to be influenced by the ROV.
The turtle did several avoidance dives, was constantly changing direction, had an inconsistent
stroke and breathing rates during this time. One avoidance dive was a free fall decent (no strokes
taken) from 5 meters to approximately 25 meters then immediately swam back up to the surface.

After 45 minutes T25 encountered another turtle, T26, which appeared to be much larger that
T25. The encounter was also brief, lasting only 15 second and appeared to be affected by the
ROV. T26 was recorded swimming near the surface as it came within close proximity of T25
and the ROV. As it approached T25 turned it carapace towards T26 as it passed by, then began
swimming to the south. After this interaction, T25 seemed to be less affected by the ROV and
maintained a steady southern course at a depth of 3 meters, breathing every 5 minutes, and a
consistent stroke rate of 20 per minute. This behavior was observed for the remaining 45
minutes of track until the turtle was lost because of being pulled back by the vessel.

Satellite Tagging

Trip: Kathyann-2009-5

The tags utilized for this study were Sea Mammal Research Unit’s Satellite Relay Data Logger
(SRDL) with Argos Fastloc GPS. Fastloc GPS offers the possibility of attempting a location at
every surfacing. Less than a second is needed to acquire the information required for a location.
The tag also uses precision wet/dry, pressure and temperature sensors to form detailed individual
dive (max depth, shape, time at depth, etc) and haulout records along with temperature profiles
and more synoptic summary records as in standard SMRU SRDLs. Both location and behavioral
data are then stored in memory. Data relayed, and locations computed using the global

Argos satellite system. The SRDL tags will relay an unbiased sample of detailed individual dive
records. A lithium “D” size cell provides approximately 85,000 full length Argos data
transmissions. Cfarm currently has an active account for Argos transmissions with these tags.

Temperature and depth polling rates were most frequent during the first 4 months of deployment

so as to allow for the high resolution of data possible during the time when the turtles will be
present on the scallop fishing grounds. This will also allow for more precise correlations with
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the oceanographic and ROV data collection. After 4 months, the polling rate was reduced, so

that battery life can be extended to include sampling during the southern or offshore migration in
the fall.

Based on CFarm’s past tagging experience, SMRU has an excellent record of customer service,
data quality, software, and analytical assistance. These tags have been successfully deployed by
Cfarm and NEFSC staff on 2 juvenile loggerheads captured in the southern part of the Hudson
Canyon Access Area. 3D graphics illustrating these data currently being collected by CFarm’s
tags are provided in figures 94 thru 103. These data (from currently active deployments) are
preliminary and will be analyzed during the winter of 2010-11 using R and ArcGIS. Data will be
stored on CFarm’s server in a Microsoft Access Database. Frequent checks of each turtle’s
status will be conducted using SMRU’s webpage and MamVisAD software. Cfarm currently
owns all the necessary hardware and software necessary for data analysis, storage, and
dissemination.

Discussion

We speculate that the cold pool waters are favorable to producing turtle food — they were
observed by the ROV-mounted camera to be feeding primarily on crustaceans along the seafloor
on this survey — and that the inshore (warm, fresh) and offshore (warm, salty) water masses are
not. Large cross-shelf gradients in biomass were measured and superficially different species
(ctenophores and copepods inshore, no jellies offshore) were apparent in three separate plankton
tows conducted along transect B: inshore (CTD station 49), mid-shelf (station 53) and offshore
(station 56). Detailed analysis of species assemblages is presently underway, and will confirm or
deny those preliminary assessments. One implication is that the physical properties and
dynamics of the MAB shelf support distinct trophic boundaries that profoundly influence the
ecology of the region, including sea turtles. A logical research strategy is to build the timeline of
observations to obtain statistically meaningful records and use them to investigate the geography
and dynamics of those boundaries.

The shelf circulation along the MAB is broadly characterized by frontal structures associated
with near-coastal currents, the sub-thermocline “cold pool” and a strong baroclinic jet at the
shelf-break (Gawarkiewicz et al., 1996). These currents vary on timescales of weeks, months,
seasonally and interannually and likely exert strong influence on the ecology and distribution of
sea turtles. From the physical and dynamical perspective, two particular questions arise:

1) Do frontal jets along the coast and shelf-break affect sea turtle distributions and
behaviors?

2) How do these fronts and behaviors change in the June-November time frame when turtles
inhabit the MAB shelf?

Conducting repeated regional surveys, such as was done for this project, constitutes a relatively
cost-effective means to address these questions. Although chlorophyll and velocity
measurements were not part of the above discussion of results, when combined with CTD
subsurface measurements, they constitute powerful tools for investigating the shelf circulation.
ADCEP velocity measurements are integral to the overall sampling strategy of the proposed work.
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(Compass problems on the July survey will be remedied using multiple GPS streams in
subsequent operations.) Chlorophyll — remotely sensed and in situ — provides a convenient and
reliable tracer of fronts. The steep chlorophyll gradient inshore (Fig 5) is associated with along-
shore coastal currents (Johnson et al. 2001), offshore, the 0.4 contour delineates the shelf-break
front. Subsequent surveys will be sure to cross both of these fronts to assess correlations
between flow, chlorophyll and density distributions and their relationships to turtle distributions
and behavior. Turtles seem to avoid high chlorophyll waters: the density of turtles is
significantly reduced in the tongue of elevated chlorophyll protruding southeast across the shelf
along transect “C” and everywhere shoreward of the 1.0 mg/m’ contour (Fig 2A). This was also
generally noted when CFF 2008 ROV surveys were mapped against satellite chlorophyll. Are
turtles keying on the chlorophyll concentration, or some other parameter such as a frontal current
associated with the chlorophyll gradient?

The work will eventually address multiple questions regarding sea turtle behavior by combining
the ROV-mounted video technology with hydrographic sampling.

* Do turtles preferentially forage along frontal zones on the shelf?

* Do they preferentially inhabit waters derived from a particular source region
(shelf waters from the north vs. slope waters vs. coastal runoff from the bays and
rivers)?

*  Why do the larger loggerheads associate with Sargassum mats?

*  What and how often are they eating?

*  Where in the water column do they feed?

* How often do they surface to breathe?

* How deep do they dive?

* How do turtles behave when startled?

* Do turtles sleep on the surface in the MAB?

* Do turtles migrating in the spring and fall exhibit different behavior from the mid-
summer foraging period?

A particular puzzle pertains to where in the water column interactions between turtles and
scallop dredges are occurring. Since dredges spend 95% of their time on the sea floor during
fishing operations, this would seem the most likely locale of turtle takes. Loggerheads have been
caught in bottom-set gill net in the region and observed to feed on the bottom in shallow depths
of the Mediterranean and Gulf of Mexico. However, during the Mid-Atlantic turtle foraging
months, the areas of overlap with the scallop fishery principally occur where bottom depths
range 49-57 m (Murray, 2004). Bottom temperatures in these regions are consistently colder
than 10° C, and generally >10° C colder than the surface waters they most frequently inhabit --
i.e. 19 —24°C (Shoop and Kenney, 1992, Murray, 2004). Because loggerheads are
physiologically sensitive to low temperatures (Spotila et al. 1997; Milton and Lutz, 2003), this
steep vertical temperature gradient would seem a significant deterrent to bottom feeding. In our
most recent ROV studies we have found that most of the loggerheads were diving to the sea floor
to feed, some for up to 30 minutes in 7.4° C temperatures. High priority in this project will be
given to exploring the depth ranges and depth behaviors of sea turtles on the scallop grounds
with respect to oceanographic parameters and prey species availability.
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In their juvenile to adult stages, loggerhead turtles are known to migrate annually into the Mid-
Atlantic shelf region and forage there between June and November when sea surface
temperatures (SST) warm to above 20°C (Shoop and Kenney, 1992; Hawkes et al., 2007).
Beyond the seasonal relationship between temperature and turtle distributions, however, only
moderate progress has been made in determining the environmental factors that may co-vary
with or control these turtle distributions. For example, attempts to parameterize western North
Atlantic turtle distributions have yielded some broad linkages to SST, Gulf Stream position, and
bathymetry (e.g. Hawkes et al., 2007). Post-hatchling loggerheads have been closely associated
with floating Sargassum mats in downwelling fronts on the shoreward side of the Gulf Stream
(Witherington, 2002) and have been found far from land in the central and eastern Atlantic
(Bolten et al. 1992). In the central North Pacific, juvenile loggerheads have been strongly linked
to oceanographic fronts characterized by distinct sea surface height, temperature and chlorophyll
gradients determined from satellite data (Polovina et al., 2000). A generally accepted model is
that hatchling loggerheads in both the Atlantic and Pacific spend a pelagic stage of life in the mid
ocean gyres, where convergent oceanic fronts provide zones of enhanced food supplies (Carr,
1986; Olson et al., 1994; Bolten, 2003). The end of the pelagic phase is marked by entry into the
continental shelf regions — along the U.S. Atlantic coast and Japan -- where foraging occurs in
neritic and benthic environments.

Within the last decade, incidental takes of turtles by the Mid-Atlantic scallop fisheries have been
perceived to pose a threat to loggerhead populations, and therefore increased priority has been
assigned to sorting out the factors that create overlap between the turtles and scallop fishery.
Our 2009 field work leads us to postulate that ocean salinity and chlorophyll may be practical
predictors of turtle distributions — more so than SST and bathymetry -- through their strong
association with horizontal density gradients and hence regional currents and water mass fronts.

The physical oceanography of the MAB region has been well described in a variety of studies
(Wright and Parker, 1976; Beardsley and Winant, 1979; Chapman and Beardsley, 1988; Flagg et
al., 2002; Johnson et al., 2001). On the shelf, salinities range from >36 psu seaward of the shelf
edge to <30 psu near shore and are the dominant factor creating and maintaining strong frontal
features trending northeast to southwest along the entire shelf. Such fronts are not only sites of
enhanced biological productivity transcending multiple trophic levels, but they may also act as
boundaries creating distinct species transitions (Olson et al., 1994). Salinity gradients are
aligned with chlorophyll concentrations, a metric of biological productivity. We speculate that
abundance of turtle food (i.e. jellyfish and Sargassum weed communities) may also align with
these fields creating areas where sea turtles congregate — and areas where they do not. In short,
we postulate that while temperature primarily controls the seasonal turtle distributions and
migration, the structure of ocean currents and availability of food govern those distributions
during the warm months. The ROV work to date, for example, indicates that the
presence/absence of jellyfish may influence how much time loggerheads spend feeding on the
seafloor where they are at risk to dredge encounters. The proposed project will test the
hypothesis that sea turtle distributions align with hydrographic properties (velocity, density,
salinity, and chlorophyll) associated with water masses and frontal zones in the Mid Atlantic
shelf region.
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