Journal of Experimental Marine Biology and Ecology 471 (2015) 84–91

Contents lists available at ScienceDirect

Journal of Experimental Marine Biology and Ecology
journal homepage: www.elsevier.com/locate/jembe

Using a remotely operated vehicle (ROV) to observe loggerhead sea turtle
(Caretta caretta) behavior on foraging grounds off the mid-Atlantic
United States
Ronald J. Smolowitz a,⁎, Samir H. Patel a, Heather L. Haas b, Shea A. Miller a
a
b

Coonamessett Farm Foundation, Inc., East Falmouth, MA, USA
Northeast Fisheries Science Center Woods Hole, MA, USA

a r t i c l e

i n f o

Article history:
Received 4 May 2015
Received in revised form 14 May 2015
Accepted 15 May 2015
Available online 3 June 2015
Keywords:
In-water videography
Cold water foraging
Interspecies interactions
Intraspecies interactions
Baited remote underwater video system (BRUV)

a b s t r a c t
This study represents the ﬁrst documented use of a remotely operated vehicle (ROV) to actively track sea turtles
in situ. From 2008 to 2014, an ROV was deployed to track the at-sea behavior of loggerhead turtles in the
Northwest Atlantic Ocean. Seventy turtles were tracked, totaling 44.7 h of direct turtle footage. For all attempts,
usable video with a turtle retained in view for a minimum of 30 s, was produced at a rate of 43.5% of effort. Turtles
were ﬁrst spotted from the boat, and then when the turtle was within ~50 m of the boat, the ROV was deployed to
track the turtle for as long as possible. Tracking durations reached up to 426.1 min. Tracked turtles often remained
within ~10 m of the surface; however loggerheads were tracked to the seaﬂoor on 12 occasions. Turtles were
ﬁlmed foraging both pelagically and benthically, even though bottom temperatures reached as low as 7.1 °C. A
range of inter- and intra-species interactions were also captured. Several varieties of ﬁsh remained associated
with individual turtles for extended periods of time, even during benthic foraging dives. Additionally, a variety
of social interactions between loggerheads were documented. Generally these interactions were ﬁlmed occurring
near the ocean surface. Overall, using the ROV provided great insight into loggerhead at-sea behavior, otherwise
unattainable using previously established techniques.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Identifying at-sea behavior of large, highly migratory vertebrates is a
critical aspect in mitigating anthropogenic impacts (Cooke et al., 2004).
This is especially true for species like sea turtles, which make use of
both pelagic and benthic environments and have a high chance of
interacting with ﬁsheries (Lewison et al., 2004; Wallace et al., 2009;
Warden et al., 2015). In the northwest Atlantic, loggerhead turtles are
caught in gillnets, longlines, trawls and scallop dredges (Wallace et al.,
2009; Murray, 2011). In regard to scallop dredges; little is known on
where and how turtle interactions are occurring in the water column or
on the sea ﬂoor. There have been attempts at limiting these interactions
based on assumptions of where and how interactions were occurring,
with a successful example found in the development and deployment
of Turtle Excluder Dredges for scallop ﬁsheries (Smolowitz et al., 2010,
2012). However, modiﬁcations to ﬁshing gear do not always successfully
balance reducing turtle bycatch while maintaining high target-catch
(Epperly, 2003), and a more thorough investigation into the at-sea behavior of sea turtles is required. As stated in the U.S. Endangered
Species Act Section 7 Biological Opinion for Atlantic Sea Scallops (2012),
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available and appropriate technologies must be used to better determine
where and how sea turtle interactions with scallop gear are occurring.
Electronic transmitters and data-loggers have transformed the
understanding of the behavioral ecology of sea turtles and other
marine taxa in recent decades. For example, in loggerheads alone,
satellite telemetry research has revealed extensive transoceanic
migrations (Luschi et al., 2003), the ability of turtles to optimize
migratory routes (Hays et al., 2014a), space use of breeding and
foraging grounds (Schoﬁeld et al., 2009), and differential breeding
intervals of males and females and hence operational sex ratios
(Hays et al., 2014b). Yet despite the utility of these approaches,
often it remains equivocal exactly what animals are doing and their
speciﬁc behaviors (e.g., prey types, social interactions) may be
missed in these electronic records. Hence direct observation of
individuals also has great utility and can provide information not
available from other approaches (Reina et al., 2005; Schoﬁeld et al.,
2006; Seminoff et al., 2006; van Dam and Diez, 2000; Wallace et al.,
2015). Together synergistic use of electronic logging devices and
validation of events seen in the electronics records, has great utility
for a range of taxa (e.g., Fossette et al., 2012, 2015).
There are multiple techniques in which to make in situ observations
of behavior. The observation methods with the broadest scale are aerial
surveys. These types of surveys have been conducted in several parts of
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the world on sea turtle populations to assess various components of
their life cycle (Cardona et al., 2005; Coles and Musick, 2000; Epperly
et al., 1995; Richard and Hughes, 1972; Roos et al., 2005). Aerial
surveys cause little disturbance during observations and are effective
at identifying and quantifying nesting activity and at-sea aggregations
(Richard and Hughes, 1972). However, this method, in regard to
at-sea behavior, is limited by water clarity and provides little to no information beyond the presence or absence of turtles within the surveyed
area. Surveys from vessels can provide more detailed observations of
large marine organisms (Calambokidis and Barlow, 2004; Williams
and Thomas, 2009). Depending on water clarity and depth of target
species, boats and kayaks are effective platforms for observing at or
near-surface behavior. Yet, only a limited portion of sea turtle behavior
happens at the surface (Patel, 2013). Scuba and snorkel surveys can provide some of the most detailed at-sea observations (Graham and
Roberts, 2007; Roos et al., 2005; Schoﬁeld et al., 2006). These methods
can overcome water clarity limitations, but can be limited by the physical ability of the surveyors especially in open-ocean areas with varying
sea conditions and currents. Large marine vertebrates make extended
deep dives and can easily out-swim humans (Eckert et al., 1989),
which can prove dangerous if divers attempt to follow. Additionally,
this method has a higher potential for altering behavior by causing a
reaction to the surveyor (Schoﬁeld et al., 2006). However, these
approaches, when conducted in the appropriate settings, can provide
adequate data on at-sea behavior (Schoﬁeld et al., 2006).
More recently, researchers began deploying animal-borne video and
environmental data collection systems (AVEDs) to make observations
from the perspective of the animal (Moll et al., 2007; Reina et al., 2005;
Wallace et al., 2015). This technique allows for the observation of behaviors and sections of the marine environment otherwise very difﬁcult to access. Furthermore, this method can remove all but the initial interaction
between animal and human observer. The National Geographic
Crittercam™, developed by Marshall (1990), is an example of a device
that has yielded substantial results (Moll et al., 2007). However, similar
to biologging devices, animal-borne video equipment is cumbersome
and has the potential to impact the behavior of the animal (Jones et al.,
2011; Ponganis et al., 2000). Loggerheads are not well suited for this
type of device, as attachment would require capturing the animal to
clean the carapace due to the variability of the condition of the carapace
(common presence of barnacles and algae); unlike leatherback turtles,
which do not require capture for AVED deployment (Wallace et al.,
2015). Capture typically causes loggerheads to exhibit a temporary postrelease reaction, thus limiting the value of a short term AVED deployment
system to ﬁlm natural at-sea behavior. Furthermore, recovery of the camera is difﬁcult in offshore locations requiring good sea conditions.
Remotely operated vehicles (ROVs) are currently underutilized for
the purpose of directly observing large marine vertebrates. ROVs were
developed for observers to view portions of the marine environment
otherwise inaccessible (Bessa et al., 2008). ROVs, historically, have
been used to primarily study benthic communities (Ninio et al., 2003;
Reed et al., 2005) and are rarely used to study faster and freely swimming animals (Hunt et al., 2000; Moser et al., 1998). van Dam and
Diez (2000) deployed a stationary benthic camera to ﬁlm hawksbill
turtle at-sea behavior; however this only allowed for the visualization
of individuals that happened to pass through the ﬁeld of view. Similarly,
Letessier et al. (2014) deployed a baited remote underwater video
system (BRUV), which also only captured sea turtles that happened to
swim within the ﬁeld of view of the camera. Letessier et al. (2014) set
their cameras at varying depths within the water column, focusing
their research on pelagic turtles. In an attempt to observe pelagic
communities with an ROV, Moser et al. (1998) ﬁlmed ﬁsh abundance
and diversity amongst Sargassum mats. Although the ROV was freely
ﬂoating, Moser et al. (1998) again depended on animals swimming
through the ﬁeld of vision of the camera. Hunt et al. (2000), using a
freely moving ROV to take vertical surveys of the water column
to 1000 m depth, successfully described thirty-nine behavioral
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components, several being previously unknown, of the California
market squid (Loligo opalescens). This is a clear example of the high
value of a freely moving ROV to assess natural behavioral patterns.
After several attempts at visualizing scallop dredge interactions with
sea turtles at-sea using dredge-mounted cameras, an ROV survey was
developed for this study as a robust method to collect in situ behavioral
data of sea turtles within the United States mid-Atlantic offshore region.
Oceanographic conditions that facilitate the highest abundance of
loggerhead turtles on the surface are found during the summer months
in this area (Hawkes et al., 2007; Mansﬁeld et al., 2009) which overlaps
with the sea scallop ﬁshery. This under-sampled site is important for
large immature and adult loggerheads (Mansﬁeld et al., 2009) as well
as a central location for multiple globally valuable commercial ﬁsheries
(Jackson et al., 2001). Here, immature loggerhead interactions with
commercial ﬁshing activities are known to occur (Murray, 2011).
The initial videography study began in 2004 and from 2004 to 2006,
surveys were conducted with scallop dredge mounted cameras to ﬁlm
direct turtle–dredge interactions. Although 200 h of footage was
obtained, no turtles were ﬁlmed during these surveys. In 2007, an ROV
plus a sonar was used to identify large pelagic species interacting with
the dredge, speciﬁcally foraging off the discard. From the sonar, various
large ﬁsh species were identiﬁed feeding on the discard and possibly a
turtle foraging. The ROV was towed behind the boat while dredging
for scallops, but did not have success ﬁlming many turtles, only capturing one turtle on ﬁlm interacting with the towed camera. Towing the
ROV provided validation that turtles sometimes feed in the discard
stream and that the interaction between large pelagic animals and scallop ﬁsheries is not limited to animals being caught in the dredge. Towing
the ROV, however, did not result in a large amount of turtle footage.
Thus, from 2008 to 2014, a freely moving ROV was deployed to track
the at-sea behavior of loggerheads in conjunction with a satellite
tagging program. This provided the ability to track the animal through
depth and additionally to dive to the benthic environment to identify
the prey species and temperature within the water column. Here is
described the detailed methods and several novel results of using a
freely moving ROV to ﬁlm the at-sea behavior of loggerhead turtles at
their foraging ground in the Northwest Atlantic Ocean.
2. Methods
The ROV based surveys occurred during the late spring and summer
months (June–Sept.) from 2008 to 2014 in the mid-Atlantic Bight,
40–100 km offshore of New Jersey through Virginia, USA (latitudinal
range = 37.0° to 40.0°; longitudinal range = − 75.5° to − 73.0°) in
water depths between 50 and 100 m (Fig. 1); the time and area where
turtles overlap with the scallop ﬁshery.
2.1. ROV speciﬁcations
Two different ROVs were successfully used during this project;
several others were tried but were not powerful enough to overcome
offshore currents N 1 knot. Operations from 2008 through 2010
employed a Teledyne Benthos (North Falmouth, MA, USA) Stingray
ROV. This ROV was equipped with a high-resolution color video
camera with 0.1 lx light capability as well as a ﬁxed focus color
camera with 0.1 lx light capability. Full-range dimmable Deep Sea
Power and Light (San Diego, CA, USA) halogen ﬁxtures were
mounted on the vehicle in addition to existing LED light arrays. Camera
and light systems were housed in a user-adjustable tilt mechanism on
the front of the vehicle, which enhanced the ROV pilot's ability to
focus on speciﬁc points of interest including ﬁsh, seaﬂoor features,
and other objects in the water column. Additionally, a multi-beam
sonar (Teledyne BlueView Technologies ProViewer P450E) was rigged
to the Stingray ROV. From 2011, a Teledyne Benthos MiniROVER ROV
was used due to its increased versatility, portability, and power. The
MiniROVER was outﬁtted with both a high-resolution zoom color
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Fig. 1. Map of ROV deployments for all 10 trips. Light gray region in inset represents the locations from our satellite telemetry results for all turtles tracked during the summer months
from 2009 to 2013.

video camera and a low light black and white video camera and six
front-mounted LED light sources. Additional system features included
real time, on-screen compass heading and depth sensor outputs. The
vehicle was outﬁtted with an Ultra-Miniature Digital Scanning Sonar
(model 852-000-100) designed by Imagenex Technology Corporation
(British Columbia, Canada). All video footage from both ROVs were
recorded directly to a hard drive then subsequently burned onto DVDs
using the Roxio (Santa Clara, CA) Easy VHS to DVD program. For the
2008, 2009 and 2012 trips, the ROV was equipped with a HOBO U20
Water Level Data Logger (Onset Computer Corporation, Bourne, MA,
USA) to record the ROV depth and ambient water temperature at
intervals of every 5 s.
2.2. Turtle spotting techniques
Initially, spotting techniques involved using an overhead aircraft;
however due to high costs, distance from shore, varying weather
conditions, and the limited surface time of the turtles, this method
was unfeasible and generally unsuccessful. Instead spotting from

the boat became the most feasible method, with observation
techniques focused upon conducting vessel transects on historically
active turtle grounds in the Northwest Atlantic and holding a straight
course based on the best sighting conditions (sea state, wind,
glare, etc.) at a speed of 4 knots. At least ﬁve observers were consistently searching for turtles from 0700 to 1800. Two observers were
posted in the masthead crow's nest at an eye height of 14 m above
the sea surface, and two were atop the wheelhouse at an eye height
of 6 m above the surface. The ﬁfth observer was in the pilothouse,
with the captain, with an eye height of 4 m above the sea surface.
Any additional observers were placed about the vessel in different
locations. All observers used binoculars. The masthead observers
were equipped with image stabilizing 10 × 35 binoculars and VHF radios for communications to the captain and ROV operator.
The observers spotting from the masthead often detected turtles
before observers located within the wheelhouse or on deck. Observers
from the masthead were responsible for conﬁrming a spotted turtle
and directing the captain (via VHF radio communications) towards
the correct area. Turtles discovered in close proximity to the vessel
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(up to ~150 m) could be viewed submerged up to approximately 2 m
deep, while turtles farther away could only be positively identiﬁed at
the sea surface.
When an observer spotted a turtle close to the vessel, the vessel was
immediately placed in neutral. For turtles far from the vessel, the
captain approached at minimum operating speed, b2 km h− 1, then
switched to neutral when within approximately 50 m of the turtle.
Latitudinal and longitudinal ﬁxes of all turtle sightings were recorded,
as well as a continuous GPS track of the vessel's position.
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would slowly drive the ROV through the water column to document
habitat characteristics and potential pelagic and benthic prey.
The water column was also searched for sympatric species. Vertical
dives were conducted with the ROV to record the distribution and
location of jellyﬁsh in the water column, and identiﬁed them to species
level as possible. All inter- and intra-species interactions, both ﬁlmed via
ROV or spotted from the boat, were documented, and all associated
animals were identiﬁed to species level as possible.

3. Results
2.3. ROV operations
Once the captain maneuvered the vessel to orient the turtle windward and within ~50 m, ROV operations were started. ROV operations
were conducted with two tether handlers, an ROV assistant, an ROV
operator, and a masthead observer. The two tether handlers deployed
the ROV off the port rails of the vessel and remained on deck to pay
out or retrieve the tether as needed. Commonly, the masthead observer
had the best view of the turtle and ROV and coordinated the ROV
operations until ROV video contact was made (Fig. 2). Communication
between the masthead observer and an ROV assistant was via the VHF
radio. Once the turtle was spotted with the ROV, the operator was
required to monitor the video and sonar feeds continuously. Concurrently, the ROV assistant took notes of the live video events for later
review and analysis.
To avoid startling the animal, which often caused it to dive, it was
determined to have the ROV approach the turtle to within ~ 3–5 m
while in their direct line of sight. Occasionally, the turtle would
approach the ROV to investigate. When this occurred, the ROV would
remain still. Otherwise, the ROV operator worked to his best ability to
maintain sight of the sea turtle for the longest duration possible without
disturbing its natural actions. When a turtle dove, it was followed to the
best of the ROV operator's abilities, as the turtle was able to dive faster
than the ROV. If the turtle was lost on a dive, operator maintained the
ROV at the same heading to the sea-ﬂoor and used visual observation
and the multi-beam sonar to reacquire the subject. On occasion the
turtle would investigate the ROV, allowing the operator to reacquire it.
At any time, if the loggerhead could not be reacquired, the operator

From 2008 to 2014, 10 ROV trips (Table 1) were taken, varying in
time of year from late spring to late summer. The earliest trip of the
year was in June 12–15, 2009; while the latest was from September
16–18, 2014. A brief compilation of the footage from these surveys can
be found at this link: http://coonamessettfarmfoundation.org/media/
videos/.

3.1. Direct turtle footage
For all attempts, usable video, with a turtle retained in view for a
minimum of 30 s, was produced at a rate of 43.5% of effort, for a total
of 44.7 h of turtle video. The duration of consecutive turtle observation
averaged (mean ± SD) 42.5 ± 68.7 min with a range of up to 426.1 min.
Seventy turtles were tracked with the ROV, two identiﬁed as male based
on the length of the tail (Fig. 3a). Since turtles were not capture onboard,
it was not possible to accurately determine turtle size or age class.
Turtles were spotted with the ROV at the surface of the water and
maintained contact with them both at the surface and through depth.
Pelagic foraging was documented on 4 occasions. Turtles were followed
on their benthic dives (n = 23) and turtles were tracked successfully
diving to the sea ﬂoor 12 times. These benthic dives reached depths
ranging from 46 to 61 m. Five of these pursuits produced complete
coverage of the decent and ascent of the turtle's dive. For these 5
dives, duration at the sea ﬂoor averaged (±SD) 27.2 ± 9.4 min with a
range of 15.6–37.8 min. For 4 of these 12 benthic dives, turtles were
seen foraging on slow moving benthic invertebrates near-surface.

Fig. 2. View from the masthead of the ROV tracking a turtle.
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Table 1
Summary information for the 10 ROV trips.
Trip

Date

Turtles
ﬁlmed

Turtle footage
(min)

Total footage
(min)

% Turtle
footage

1
2
3
4
5
6
7
8
9
10
Total

17/6–21/6/2008
19/8–22/8/2008
12/6–16/6/2009
9/7–15/7/2009
12/9–15/9/2009
9/8–12/8/2010
26/7–27/7/2011
24/7–28/7/2012
11/9–14/9/2012
16/9–18/9/2014

14
3
16
14
6
5
3
2
4
3
70

650.4
13.8
756.0
958.9
96.9
21.0
19.0
51.0
88.0
24.0
2679.0

1547.3
418
1171
1649
331
211
118
144
358
211
6158.3

42.0
3.3
64.6
58.2
29.3
10.0
16.1
35.4
24.6
11.4
43.5

3.2. Cold water dives
With the temperature-depth logger attached to the ROV, temperature was measured through the water column during 4 trips, one
trip each in 2008 and 2009 and two in 2012. In 2008, during the

August 19–22 trip, average sea surface temperature (SST) was
26.3 ± 3.3 °C. In 2009, during the July 9–15 trip, average SST was
22.1 ± 1.6 °C. During this trip, two turtles were followed during 6
benthic dives to ~ 50 m depth, with water temperatures reaching as
low as 7.08 °C. At these low temperatures, the turtles continued to
actively forage. Of these six benthic dives, ﬁve were from a single turtle tracked continuously for 426.1 min. This turtle was tracked
through 4 complete dives (descent and ascent), with the 5th dive
being incomplete due to losing contact with the turtle at depth. For
the 4 complete dives, the turtle remained at depth for an average
(± SD) of 30.1 ± 7.8 min and a range of 19.4–37.8 min. During
these foraging dives, this turtle primarily fed on unidentiﬁed species
of hermit crabs, and on occasion actively chased these prey as they
attempted to escape. Not all benthic prey items were identiﬁable
due to the positioning of the camera. Between dives, this turtle
spent on average 65.3 ± 28.8 min with a range of 37.0–105.0 min
at between 0 and 5 m depth, in water ~ 15 °C warmer than at the
sea ﬂoor. At the surface, this turtle breached a total of 29 times,
remaining breached continuously for between 3 and 6 min immediately prior to the benthic dive. This turtle remained breached for

a

b

c

d

e

f

Fig. 3. a) Footage of one of the male turtles tracked. This turtle was tracked on July 11, 2009 for 33 min. b) Turtle foraging on an Atlantic sea scallop. c) Turtle foraging on a lion's mane
jellyﬁsh. d) Turtle with several barrelﬁsh and triggerﬁsh associated, along with a large clump of algae attached to the carapace. This turtle was also missing its back left ﬂipper.
e) Turtle biting the carapace of another turtle. f) Carapace rubbing between the same two turtles. These turtles remained interacting with each other for ~5 min.
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5 min only one other time, otherwise breaching events lasted less
than 2 min.
In 2012, during the Sept. 11–14 trip SST averaged 24.6 ± 2.9 °C.
During this trip, one turtle was tracked during a benthic dive for
6.13 min to a depth of 51 m, where water temperature averaged
10.8 ± 1.6 °C during the dive.
3.3. Inter-/intra-species interactions
A broad range of associated species were identiﬁed with the turtles,
both pelagically and benthically. Loggerheads were observed pelagically
feeding on Lion's mane jellies (Cyanea capillata), comb jellies
(Ctenophora) and salps (Salpidae); while benthically foraging on
hermit crabs (Paguroidea), rock crabs (Cancer irroratus), and Atlantic
sea scallops (Placopecten magellanicus) (Fig. 3b and c). Non-prey
species associated with the turtles in pelagic waters were identiﬁed.
These included Mahi Mahi (Coryphaena hippurus), gray triggerﬁsh
(Balistes capriscus), unidentiﬁed shark species, barrelﬁsh (Hyperoglyphe
perciformis), common dolphin (Delphinus delphis), and pilot ﬁsh
(Naucrates ductor) (Fig. 3d). Barrelﬁsh, on occasion, did maintain contact
with the turtle through the benthic dive; however the most commonly
associated non-prey species at the sea ﬂoor was the red hake (Urophycis
chuss). Red hake seemed generally associated with disturbance on the
sea ﬂoor, congregating around the ROV as well when it landed creating
a cloud of particulate.
The smaller ﬁsh species, barrelﬁsh, triggerﬁsh and pilotﬁsh, were
associated with turtles having a noticeably high amount of epibionts
attached to their carapace. The ﬁsh interacted with the turtles in several
ways. Some ﬁsh would forage directly off the carapace feeding on the
epibionts, while other ﬁsh maintained close contact using the turtle as
a type of refuge. It is unclear if this second relationship is as a form of
protection for the ﬁsh, or if the ﬁsh are waiting for food scraps from
the turtle foraging. Mahi Mahi maintained a relationship with individual
turtles but remained farther away compared to the smaller ﬁsh species.
Occasionally the Mahi Mahi would rub against the turtle's carapace,
with the turtle exhibiting no clear reaction to this behavior. Turtles did
not seem to react to these non-threatening ﬁsh species. However,
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a turtle was identiﬁed reacting to an unidentiﬁed shark species, shifting
its body perpendicular to the shark, thus exposing its carapace, while
simultaneously turning away from the shark's path (Fig. 4). This seemed
like a predator avoidance technique, even though the shark did not
seem to make an attempt to attack.
The intraspecies interactions observed have not been previously
documented on offshore mid-Atlantic foraging grounds. On 19 occasions, turtles were identiﬁed congregated in small groups. Groups
ranged in size from 2 to 4 turtles. On 17 occasions turtles were spotted
in groups of two and in larger groups of 3 and 4 turtles once each,
possibly representing social behavior on foraging grounds. Turtles
were observed ﬂapping their ﬂippers with each other, carapace rubbing,
nudging, biting and generally being in close proximity (Fig. 3e and f).
Flipper ﬂapping interactions could be seen best from the vessel, as the
turtles would repeatedly slap their ﬂippers upon the surface of the
water. Carapace rubbing involved a turtle swimming alongside another
turtle and rotating its carapace to lightly rub against the carapace of the
opposite turtle; this too was a repetitive action. Nudging involved one
turtle using its snout to gently push onto the edge of another turtle's
carapace. Biting involved a turtle biting the epibionts of another turtle's
carapace; it is unclear if this was foraging or cleaning.
4. Discussion
This study represents the ﬁrst example of an ROV for tracking sea
turtles. The results from this study indicate that using an ROV is a
reliable tool for determining at-sea behavior of loggerhead turtles.
This study also focused on behavior at the foraging ground, a site
under-studied in terms of in situ observation (Seminoff et al., 2003).
Determining at-sea behavior of large marine animals has typically
been determined by telemetry or animal-borne video systems, and
more broadly through visual surveys. All of these methods have their
drawbacks, with the ROV adding a new technique that complements
existing technologies while overcoming several of the limitations.
Using an ROV ﬁlls the data gap between the high volume yet uncertain
data of telemetry and the low volume, high resolution data of boat and
in-water surveys. Firstly, it is the safest method of in situ observation

Fig. 4. Turtle reaction to a shark presence. Blue arrow is identifying the shark. Turtle shifted its body suddenly such that its carapace was facing the shark along with swimming at a very
acute angle turning away from the shark.
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with no direct interaction between the researcher and the animal and
no requirement of the researcher to enter the water. Secondly, it allows
for continuous observation throughout the water column, without
requiring the target species to simply happen through the ﬁeld of vision
of the camera. The ROV tether was 250 m in length, allowing the operator to track the turtle horizontally and vertically. Thirdly, impact to the
animal is directly observable. Similar to all in situ observation methods
mentioned in the introduction, reactions to the survey tool were identiﬁed, for example turtles interacting with the ROV and tether, occasionally becoming startled or simply swimming in wide circles around the
ROV. As a result, it was best to approach with the ROV from the turtle's
front to within 3–5 m while in their direct line of sight and not from
behind to avoid startling the animal and causing it to dive.
The footage from the ROV was particularly valuable when combined
with data from the TDR. Loggerheads were observed maintaining a
high level of activity in temperatures below 10 °C. In 2009 and 2012,
loggerheads were identiﬁed foraging at the sea ﬂoor within temperatures as low as 7.1 °C and 9.3 °C respectively, even with prey resources
available in warmer pelagic waters. Although the temperatures were
low, turtles actively foraged and remained at depth for periods comparable to warm water loggerhead benthic foraging periods as documented by satellite telemetry (Hochscheid et al., 2007; Patel, 2013). When
measured, bottom temperatures from 2008 to 2012 reached below
10 °C from July through September. At this temperature range, turtles
are known to become cold stunned (Spotila et al., 1997). Previous
studies have identiﬁed loggerheads maintaining activity throughout
the colder season, while turtles residing within the same region exhibited an overwintering behavior of both reducing number of dives
and increasing dive durations (Hochscheid et al., 2007; Patel, 2013).
It seems there is a similarly high level of plasticity within this northwest
Atlantic loggerhead population in having the ability to remain active at a
broad range of temperatures.
Using an ROV to identify individual animals or demographic units
can improve the overall understanding of sea turtle ecology. Identifying
individuals at-sea is becoming a more common technique, with applications including calculating breeding periodicity (Hays et al.,
2010) and making population assessments for wildlife management
(Schoﬁeld et al., 2008). When individual animals are identiﬁed with
an ROV, it becomes possible to evaluate individual level variability in
behavior and ecology. Regardless of whether individuals are identiﬁed, ROVs have the potential to collect demographic information.
The sex of the two adult males was identiﬁed, but not the sex of
the juveniles. As a result, it was not feasible in this study to identify
gender speciﬁc behavior differences. While, currently, size was not
able to be assessed in this study due to the use of a single camera
on the ROV; Letessier et al. (2014), using two cameras in stereo on
BRUVs, were able to calculate the sizes of the turtles. When sex and
size information can be included, it increases the value of the
in-water videography.
Overall, using the ROV provided great insight into loggerhead
at-sea behavior, otherwise unattainable using previously established
techniques. Turtles were safely tracked for an extended period of
time to depths and temperatures inaccessible through previous
non-invasive in situ observation techniques. Furthermore, behaviors
otherwise only implied by telemetry studies could be validated. The
plasticity of this small population has implications of the range of behaviors that may be exhibited by loggerheads throughout the world.
The next step for ROV videography is to quantify the behaviors, including assessment of ﬂipper beating and breathing patterns, inter- and
intra-species interactions, and foraging throughout the water column.
Assessments of breathing patterns and foraging ecology have been
based on carapace-mounted cameras viewing leatherback heads and
vicinity (Reina et al., 2005; Wallace et al., 2015), and using an ROV to
ﬁlm the entire body of the animal could provide a more complete
assessment of in-water ecology. Additionally, comparing ROV video
with data acquired through sympatric satellite transmitters could

provide more defensible explanations of sea turtle behavior inferred
from satellite tags. Overall, data derived from ROV platforms can be
used to document the broad range of at-sea behaviors, and ultimately
it can be used to evaluate and improve gear designs for ﬁsheries
interacting with protected species.
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